Chapter 1

1. THINK In this problem we’re given the radius of Earth, and asked to compute its
circumference, surface area and volume.

EXPRESS Assuming Earth to be a sphere of radius
R, =(6.37 x10°m)(10°km/m) = 6.37 x 10° km,

the corresponding circumference, surface area and volume are:

C=2zR,, A=4rR?, V:%”R,’ji.

The geometric formulas are given in Appendix E.

ANALY ZE (a) Using the formulas given above, we find the circumference to be
C =27R, =27(6.37 x 10° km) = 4.00x10* km.

(b) Similarly, the surface area of Earthis

A=47R? = 47(6.37 x 10° km) =5.10 x 10° km?,

(c) and itsvolumeis

V= 4?” R} = 4?” (637 x10° km) = 1.08 x 102 kn".

LEARN From the formulas given, we seethat C~R,., A~ R’, and V ~ R... The ratios
of volume to surface area, and surface area to circumference are V'/A=R,/3 and
AIC=2R,.

2. The conversion factors are: 1 gry=1/10 line, 1line=1/12 inchand 1 point = 1/72
inch. The factors imply that

1 gry = (1/10)(1/12)(72 points) = 0.60 point.
Thus, 1 gry? = (0.60 point)? = 0.36 point?, which meansthat 0.50 gry?= 0.18 point?.

3. The metric prefixes (micro, pico, nano, ...) are given for ready reference on the inside
front cover of the textbook (see also Table 1-2).

1
forum.konkur.in



www.konkur.in

2 CHAPTER 1

(@) Sincelkm=1x10°mand 1 m=1x 10° zm,
1km =10°m = (10°m)(10° xzm/m) =10° zm.

The given measurement is 1.0 km (two significant figures), which implies our result
should be written as 1.0 x 10° zm.

(b) We calcul ate the number of micronsin 1 centimeter. Since 1 cm = 102 m,
lem =107 m = (10°m)(10° xm/m) =10* pm,
We conclude that the fraction of one centimeter equal to 1.0 zmis 1.0 x 10,
(c) Since 1 yd = (3 ft)(0.3048 m/ft) = 0.9144 m,
1.0yd = (0.91m)(10° #m/m) = 9.1x 10° zm.

4. () Using the conversion factors 1 inch = 2.54 cm exactly and 6 picas = 1 inch, we

obtain
0.80 cm = (0.80 cm) | NN OPICS 9 5 icas
254 cm )\ 1linch

(b) With 12 points = 1 pica, we have

0.80 cm = (0.80 cm) Linch 176 plcas 12 p?' ns| . 23 points.
254 cm )\ linch 1 pica

5. THINK This problem deals with conversion of furlongs to rods and chains, all of
which are units for distance.

EXPRESS Given that 1furlong = 201.168 m, 1rod =5.0292 m and 1chain=20.117 m,

the relevant conversion factors are

1.0 furlong =201.168 m = (201.168 ) —~"9 _ 40 rods,
5.0292 pri
and

1.0 furlong =201.168 m = (201,168 1) — 3" _10 chains.
20.117 pri

Note the cancellation of m (meters), the unwanted unit.
ANALY ZE Using the above conversion factors, we find

(a) the distance d in rods to be d = 4.0 furlongs =(4.0 furlongs)ff?mids =160 rods,
ong
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(b) and in chains to be d = 4.0 furlongs :(4.0fLu71ongs)MS = 40 chains.
g

1 furlon

LEARN Since 4 furlongs is about 800 m, this distance is approximately equal to 160
rods(1rod ~ 5m) and 40 chains(1chan =~ 20 m). So our results make sense.

6. We make use of Table 1-6.

(a) We look at the first (“cahiz”) column: 1 fanega is equivalent to what amount of cahiz?
We note from the already completed part of the table that 1 cahiz equals a dozen fanega.

Thus, 1 fanega= % cahiz, or 8.33 x 10 %cahiz. Similarly, “1 cahiz = 48 cuartilla” (in the

aready completed part) implies that 1 cuartilla = 4—18 cahiz, or 2.08 x 1072 cahiz.

Continuing in this way, the remaining entries in the first column are 6.94 x 10 and
3.47x10°3.

(b) In the second (“fanega™) column, we find 0.250, 8.33 x 1072, and 4.17 x 102 for the
last three entries.

(¢) In the third (“cuartilla”) column, we obtain 0.333 and 0.167 for the last two entries.
b . (13 29 l f—
(d) Finally, in the fourth (“almude™) column, we get 5 = 0.500 for the last entry.

(e) Since the conversion table indicates that 1 amude is equivalent to 2 medios, our
amount of 7.00 almudes must be equal to 14.0 medios.

(f) Using the value (1 amude = 6.94 x 10 cahiz) found in part (a), we conclude that
7.00 almudes is equivalent to 4.86 x 1072 cahiz.

(g) Since each decimeter is 0.1 meter, then 55.501 cubic decimetersis equal to 0.055501

7.00

m?® or 55501 cm®. Thus, 7.00 almudes = £2° fanega = 22 (55501 cm®) = 3.24 x 10° em”,

7. We use the conversion factors found in Appendix D.
1 acre- ft = (43,560 ft?) - ft = 43,560 ft*
Since 2in. = (1/6) ft, the volume of water that fell during the stormis
V =(26 km?)(1/6 ft) =(26 km?)(3281ft/km)?(1/6 ft) = 4.66x10" ft°.

Thus,
B 466 x 10" ft°
4.3560 x 10* ft* /acre- ft

=11 x 10° acre- ft.
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8. From Fig. 1-4, we see that 212 S is equivalent to 258 W and 212 — 32 =180 Sis
equivalent to 216 — 60 = 156 Z. The information allows us to convert Sto W or Z.

(@) In units of W, we have
258 W
212 S

50.0 S=(50.0 S)( J:60.8W

(b) In units of Z, we have

50.0S=(50.0S) {%J = 4337

9. The volume of ice is given by the product of the semicircular surface area and the
thickness. The area of the semicircle is 4 = nr?/2, where r is the radius. Therefore, the
volumeis

V=—rz

where z isthe ice thickness. Since there are 103 min 1 km and 10° cmin 1 m, we have

+ _ (2000km) [1o3mJ (102 cm

= 2000 x 10° cm.
1km 1im

In these units, the thickness becomes

2
2=3000m = (3000m) (10”:”

]:3000><102 cm

which yields 7 = 7 (2000 x 10° cm)” (3000 x 107 cm) = 1.9 x 10% e

N3

10. Since a change of longitude equal to 360° corresponds to a 24 hour change, then one
expects to change longitude by 360°/ 24=15° before resetting one's watch by 1.0 h.

11. (a) Presuming that a French decimal day is equivalent to aregular day, then the ratio
of weeksissimply 10/7 or (to 3 significant figures) 1.43.

(b) In aregular day, there are 86400 seconds, but in the French system described in the
problem, there would be 10° seconds. The ratio is therefore 0.864.

12. A day is equivalent to 86400 seconds and a meter is equivalent to a million
micrometers, so
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(37m)(10° xm/m)
(14day) (864005 day)

=31 unys.

13. The time on any of these clocks is a straight-line function of that on another, with
slopes # 1 and y-intercepts = 0. From the datain the figure we deduce

2, 594 , 33 G662

S+ T/, t,=—

13 .
c 7% 77 % 40" 5

These are used in obtaining the following results.

(&) Wefind
: 33,
t, —t, —%(tA —t,)=495s
when ¢’y — ¢4, =600 s.
2

(b) Weobtain ¢/. — t. =

~N N

(15 — 15) = = (498) = 1415

(c) Clock B reads 13 = (33/40)(400) — (662/5) ~ 198 swhen clock 4 reads ¢, = 400 s.
(d) From tc =15 = (2/7)tp + (594/7), we get 15 ~ —245 s.

14. The metric prefixes (micro (u), pico, nano, ...) are given for ready reference on the
inside front cover of the textbook (also Table 1-2).

_ 100 y 365day |( 24 h ) 60 min :
1 ucentury = (10°° cent = 52.6 min.
@ 1u e ( ury) (1century]( ly j(ldayj( 1h ] |

(b) The percent difference istherefore

52.6 min — 50 min
52.6 min

= 4.9%.

15. A week is 7 days, each of which has 24 hours, and an hour is equivalent to 3600
seconds. Thus, two weeks (a fortnight) is 1209600 s. By definition of the micro prefix,
thisis roughly 1.21 x 10" us.

16. We denote the pulsar rotation rate /' (for frequency).

1 rotation

/ = 1 55780644887275 x 10° 5
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(a) Multiplying f by the time-interval ¢ = 7.00 days (which is equivalent to 604800 s, if
we ignore significant figure considerations for a moment), we obtain the number of
rotations:

. Lrotation 1 504800 ) = 383238218.4
1.55780644887275 x 10°° 5

which should now be rounded to 3.88 x 10° rotations since the time-interva was
specified in the problem to three significant figures.

(b) We note that the problem specifies the exact number of pulsar revolutions (one

million). In this case, our unknown is ¢, and an equation similar to the one we set up in
part (a) takesthe form N = ft, or

15 10° — [ 1 rotation j ;

1.55780644887275 x 102 s

which yields the result r = 1557.80644887275 s (though students who do this calculation
on their calculator might not obtain those last several digits).

(c) Careful reading of the problem shows that the time-uncertainty per revolution is
+3x10''s . We therefore expect that as a result of one million revolutions, the
uncertainty should be (£3x10*)(1x10°)= +3x10"s.

17. THINK In this problem we are asked to rank 5 clocks, based on their performance as
timekeepers.

EXPRESS We first note that none of the clocks advance by exactly 24 h in a 24-h period
but this is not the most important criterion for judging their quality for measuring time
intervals. What is important here is that the clock advance by the same (or nearly the
same) amount in each 24-h period. The clock reading can then easily be adjusted to give
the correct interval.

ANALYZE The chart below gives the corrections (in seconds) that must be applied to
the reading on each clock for each 24-h period. The entries were determined by
subtracting the clock reading at the end of the interval from the clock reading at the
beginning.

Clocks C and D are both good timekeepers in the sense that each is consistent in its daily
drift (relative to WWF time); thus, C and D are easily made “perfect” with simple and
predictable corrections. The correction for clock C isless than the correction for clock D,
so we judge clock C to be the best and clock D to be the next best. The correction that
must be applied to clock A isin the range from 15 sto 17s. For clock B it is the range
from-5sto +10 s, for clock E it isin the range from —70 sto -2 s. After Cand D, A has
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the smallest range of correction, B has the next smallest range, and E has the greatest
range. From best to worst, the ranking of the clocksisC, D, A, B, E.

CLOCK Sun. Mon. Tues. Wed. Thurs. Fri.
-Mon. -Tues. -Wed. -Thurs. -Fri. -Sat.

A -16 -16 -15 -17 -15 -15

B -3 +5 -10 +5 +6 -7

C -58 -58 -58 -58 -58 -58

D +67 +67 +67 +67 +67 +67

E +70 +55 +2 +20 +10 +10

LEARN Of the five clocks, the readingsin clocks A, B and E jump around from one 24-
h period to another, making it difficult to correct them.

18. Thelast day of the 20 centuriesislonger than the first day by

(20 century) (0.001 s/century) = 0.02 s.

The average day during the 20 centuriesis (0 + 0.02)/2 = 0.01 s longer than the first day.
Since the increase occurs uniformly, the cumulative effect T'is

T = (average increase in length of a day)(number of days)

~ (0.01s)( 365.25 day (2000 y)
day y

=7305s

or roughly two hours.

Line of sight to

19. When the Sun first disappears while lying | / topofthe sun ) ;
down, your line of sight to the top of the Sun - :
is tangent to the Earth’s surface at point 4
shown in the figure. As you stand, elevating =~ Pistntsun
your eyes by a height #, the line of sight to the
Sun is tangent to the Earth’s surface at point
B.

7N
Second sunset

Center c:f Earth
Let d be the distance from point B to your eyes. From the Pythagorean theorem, we have

d>+r=(r+h)?=r*+2rh+h*
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or d? =2rh+h?,where r is the radius of the Earth. Since > &, the second term can be

dropped, leading to d” ~ 2rh. Now the angle between the two radii to the two tangent
points 4 and B is #, which is also the angle through which the Sun moves about Earth
during thetimeinterval = 11.1 s. The value of & can be obtained by using

o t

360° 24h
Thisyields
(360°)(11.19)

= , — =0.04625°.
(24 h)(60 min/h)(60 /min)

Using d =rtan@, we have d°> =r*tan® 0 =2rh, or

Using the above value for @and # = 1.7 m, we have r =5.2x10° m.

20. (a) We find the volume in cubic centimeters

3
193al = (1934 (231|n j(2.540m

3
_ =7.31x10°cm®
1gd lin

and subtract this from 1 x 10° cm?® to obtain 2.69 x 10° cm®. The conversion gal — in® is
givenin Appendix D (immediately below the table of Volume conversions).

(b) The volume found in part (a) is converted (by dividing by (100 cm/m)°) to 0.731 m®,
which corresponds to a mass of

(1000 kg/m®) (0.731 m*)= 731 kg

using the density given in the problem statement. At a rate of 0.0018 kg/min, this can be
filledin
731kg

— =4.06x10°min=0.77y
0.0018 kg/min

after dividing by the number of minutesin ayear (365 days)(24 h/day) (60 min/h).
21. If Mg isthe mass of Earth, m is the average mass of an atom in Earth, and N is the

number of atoms, then My = Nm or N = Mg/m. We convert mass m to kilograms using
Appendix D (1u=1.661 x 10" kg). Thus,
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24
N=Me _ 598 x 10" kg — 90 x 10,
m (40 u)(1661x 10 kg/u)

22. The density of gold is
_m _19.32¢g

= Lo =19.32 g/em?’.

(a) We take the volume of the leaf to be its area 4 multiplied by its thickness z. With
density p = 19.32 g/lcm® and mass m = 27.63 g, the volume of the leaf is found to be

m

V == =1430 cm’.
0

We convert the volume to Sl units:

im
00cm

3
v =(1.430 cm3) [1 j =1.430 x10° m>,

Since V' = Az with z = 1 x 10° m (metric prefixes can be found in Table 1-2), we obtain

~ 1430x10° m?

0 m - 1430 m°.
X

(b) The volume of acylinder of length 7 is V= A¢ where the cross-section areais that of
acircle: 4 = m°. Therefore, with » = 2.500 x 10° m and ¥ = 1.430 x 10°° m®, we obtain

V2 =7.284 x 10* m=72.84 km.

r

(=

23. THINK This problem consists of two parts. in the first part, we are asked to find the
mass of water, given its volume and density; the second part deals with the mass flow
rate of water, which is expressed askg/sin Sl units.

EXPRESS From the definition of density: o = m/V , we see that mass can be calculated
as m= pV, the product of the volume of water and its density. With 1 g =1 x 1073 kg
and 1 cm® = (1 x 10°m)® = 1 x 10°m?, the density of water in S| units (kg/m®) is

—3 3
pzlg/cm3:(1g](lo kgj( il ]:1x103kg/m3.

cm® g 10° m®

To obtain the flow rate, we simply divide the total mass of the water by the time taken to
drainit.

ANALYZE (a) Using m = pV, the mass of a cubic meter of water is
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m=pV =(1x10* kg/m®)(1m®) =1000 kg.
(b) The total mass of water in the container is
M = pV = (1x10% kg/m?)(5700 m*) = 5.70 x 10° kg,
and thetime elapsed is # = (10 h)(3600 s/h) = 3.6 x 10*s. Thus, the mass flow rate R is

oM _570x10° kg _

158 kg/s.
t 3.6 x10*s o/

LEARN In terms of volume, the drain rate can be expressed as

3
r=Y_ M =0.158 m*/s~42 gad/s.
t 36x10"s

The greater the flow rate, the less time required to drain a given amount of water.

24. The metric prefixes (micro (), pico, nano, ...) are given for ready reference on the
inside front cover of the textbook (see also Table 1-2). The surface area 4 of each grain
of sand of radius » = 50 zm = 50 x 10°® mis given by 4 = 42(50 x 10°%)? = 3.14 x 10°®
m?® (Appendix E contains a variety of geometry formulas). We introduce the notion of
density, p=m/V , so that the mass can be found from m = pV, where p = 2600 kg/m®.

Thus, using ¥ = 47%/3, the mass of each grain is

3
3 47 (50 x10° m
m = pV:p[47;r J:(zeoo kgj ( ) —1.36x 10 kg.

m 3
We observe that (because a cube has six equal faces) the indicated surface area is 6 m>.
The number of spheres (the grains of sand) N that have a total surface area of 6 m? is
given by

6 m?

N = —— =1.91x10"
3.14x10° m

Therefore, the total mass Mis M = Nm = (1.91x 10°) (1.36 x 10~° kg) = 0.260 kg.

25. The volume of the section is (2500 m)(800 m)(2.0 m) = 4.0 x 10° m>. Letting “d”
stand for the thickness of the mud after it has (uniformly) distributed in the valley, then
its volume there would be (400 m)(400 m)d. Requiring these two volumes to be equal,
we can solvefor d. Thus, d =25 m. The volume of a small part of the mud over a patch
of area of 4.0 m? is (4.0)d = 100 m®. Since each cubic meter corresponds to a mass of
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1900 kg (stated in the problem), then the mass of that small part of the mud is
1.9x10° kg.

26. (a) The volume of the cloud is (3000 m) (1000 m)? = 9.4 x 10° m*. Since each cubic
meter of the cloud contains from 50 x 10° to 500 x 10° water drops, then we conclude
that the entire cloud contains from 4.7 x 10™® to 4.7 x 10" drops. Since the volume of

each drop is%’ 7(10 x 10 ®m)® = 4.2 x 10 m?, then the total volume of water in a cloud

isfrom 2x10° to 2x10* m°.

(b) Using the fact that 1 L =1x10°cm® =1x10"°m?, the amount of water estimated in
part (a) would fill from 2x10° to 2x107 bottles.

(c) At 1000 kg for every cubic meter, the mass of water is from 2x10° to 2x10’kg.
The coincidence in numbers between the results of parts (b) and (c) of this problem is due
to the fact that each liter has a mass of one kilogram when water is at its normal density
(under standard conditions).

27. We introduce the notion of density, p=m/V , and convert to Sl units: 1000 g = 1 kg,
and 100cm=1m.

(&) The density p of asample of ironis

3
1kg 100 cm
=(7.87 g/cm® =7870 kg/m®.
p=(7879/ >£1000gj( 1m ] g

If we ignore the empty spaces between the close-packed spheres, then the density of an
individual iron atom will be the same as the density of any iron sample. That is, if M is
the mass and V' is the volume of an atom, then

—26
poM_ 92010 7Ky 45,90 e,
p  7.87x10° kg/m

(b) We set V = 4nR*/3, where R is the radius of an atom (Appendix E contains several
geometry formulas). Solving for R, we find

3

v (3(1.18x10%° m?

R:(3_Vj [ ( )J _1.41x10° m.
47 47

The center-to-center distance between atoms is twice the radius, or 2.82 x 10 m,
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28. If we estimate the “typical” large domestic cat mass as 10 kg, and the “typical” atom
(in the cat) as 10 u ~ 2 x 10°%° kg, then there are roughly (10 kg)/( 2 x 1072 kg) ~ 5 x
10?® atoms. Thisis close to being a factor of a thousand greater than Avogadro’s number.
Thusthisisroughly akilomole of atoms.

29. Themassin kilogramsis

: 100gin | 16tahil | 10chee |( 10 hoon |( 0.3779¢g
(289 piculs) | =— : :
1picul 1gin 1tahil 1 chee 1hoon

which yields 1.747 x 10° g or roughly 1.75x 10° kg.

30. To solve the problem, we note that the first derivative of the function with respect to
time gives the rate. Setting the rate to zero gives the time at which an extreme value of
the variable mass occurs; here that extreme value is a maximum.

(a) Differentiating m(r) =5.00¢°% —3.00¢ + 20.00with respect to ¢ gives

dm = 4.00¢ %% -3.00.

dt
The water mass is the greatest when dm/ dt =0, or at ¢ = (4.00/3.00)V°? = 4.21s.
(b) At 1 =4.21s, the water massis
m(t = 4.218) = 5.00(4.21)°® — 3.00(4.21) + 20.00 = 23.2g.

(c) Therate of masschangeat 1 =2.00s is

~[4.00(2.00) °2~3.00] g/s=0.48 g/s= 048" kg €0s
1=2.00s s 1000g 1 min

=2.89x107? kg/min.

dm
dr

d imilarly the rate of mass change at 7 =5.00s is

dm

- =[4.00 5.00 2 -3.00] g s=-0.101g s=—01019. kg  60s

1=2.005 s 1000g 1 min
=-6.05x10"° kg min.

31. he mass density of the candy is
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p="1- 002000 _ 446,10+ g mme =4.00x10* kg e,
V- 50.0 mm

f e neglect the volume of the empty spaces bet een the candies then the total mass of
the candies in the container hen filled to height %2 is M= pAh here

A= 14.0cm 17.0cm =238cm? is the base area of the container that remains
unchanged. hus the rate of mass change is given by

aM _d pah _  dh
dt dt dt
=0.0238 kg s =1.43 kg min.

= 4.00x10™* kg cm® 238 cm® 0.250 cm's

32. he total volume ¥’ of the real house is that of a triangular prism of height #=3.0 m

and base area 4 = 20 x 12 = 240 m? in addition to a rectangular bo  height # = 6.0 m
and same base . herefore

V=%hA+h’A=(g+h’jA=1800m3.

a ach dimension is reduced by a factor of 1 12 and e find

3
Vi = (1800 m°®) (é) ~10 m’.

b nthis case each dimension relative to the real house is reduced by a factor of 1 144,
herefore

3
Vminiature = (1800 mS) (ﬁ) ~ 6.0 x 10_4 m3.

33. THINK n this problem e are asked to differentiate bet een three types of tons
displacement ton freight ton and register ton all of hich are units of volume.

EXPRESS he three different tons are defined in terms of barrel bulk ith

1 barrel bulk =0.1415 m® =4.0155 . .bushels using 1m®=28.378 . .bushels
hus intermsof . .bushels e have

4.0155 . . Dbushels

1 displacement ton = 7 barrels bulk x( ]: 28.108 . . bushels

1 barrel bulk
1 freight ton = 8 barrels bulk x| 20122 BUSNeIS) o) 100 bushels
1 barrel bulk
1 register ton = 20 barrels bulk x 40155 . . bushels =80.31 . . bushels
1 barrel bulk
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ANALYZE a The difference between 73 “freight” tons and 73 “displacement” tons is

AV =73 freight tons—displacement tons =73 32.124 . . bushels—28.108 . . bushels
=293.168 . .bushels~293 . . bushels

(b) Similarly, the difference between 73 “register” tons and 73 “displacement” tons is

AV =73 register tons —displacement tons =73 80.31 . . bushels—28.108 . . bushels
=3810.746 . .Dbushels ~3.81x10® . . bushels

LEARN ith 1 register ton >1 freight ton >1displacement ton e e pect the difference
found in b to be greater than thatin a . his is indeed the case.

34. he customer e pects a volume ¥; = 20 x 7056 in® and receives ¥, = 20 x 5826 in.?
the difference being AV =V, -V, =24600 in.® or

3
AV:(24600in.3)[2'54cm)( 1 j:403

linch 1000 cm?®

here ppendi  has been used.

35. he first t o conversions are easy enough that a formal conversion is not especially
called for but in the interest of practice makes perfect e go ahead and proceed formally

2 peck
1 tuffet

a 11 tuffets = (11 tuffets) ] = 22 pecks.

0.50 mperial bushel
1 tuffet

b 11 tuffets = (11 tuffets)

] = 5.5 mperial bushels.

~
~

36.3687 j

¢ 11tuffets = (5.5 mperial bushel)[1 T
mperial bushe

36. able 7 can be completed as follo s

a It should be clear that the first column (under “wey”) is the reciprocal of the first
ro -—so that % =0.900 43—0 =750 x 102 and so forth. hus 1 pottle = 1.56 x 10° ey

and 1 gill =8.32 x 10° ey are the lastt o entries in the first column.

b In the second column (under “chaldron”), clearly we have 1 chaldron = 1 chaldron
(that is, the entries along the “diagonal” in the table must be 1’s). To find out how many
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chaldron are e ual to one bag e note that 1 ey =10 9 chaldron = 40 3 bag so that 1—12

chaldron = 1 bag. hus the ne t entry in that second column is % = 8.33 x 102
imilarly 1 pottle = 1.74 x 10> chaldron and 1 gill = 9.24 x 10° chaldron.

¢ n the third column under “bag” e have 1 chaldron = 12.0 bag 1 bag =1 bag 1
pottle = 2.08 x 1072 bag and 1 gill = 1.11 x 10~ bag.

d n the fourth column under “pottle” e find 1 chaldron = 576 pottle 1 bag = 48
pottle 1 pottle = 1 pottle and 1 gill = 5.32 x 10 pottle.

e nthe last column under “gill” e obtain 1 chaldron = 1.08 x 10° gill 1 bag = 9.02
x 10° gill 1 pottle = 188 gill and of course 1 gill = 1 gill.

f sing the information from part ¢ 1.5 chaldron= 1.5 12.0 =18.0bag. nd since
each bag is 0.1091 m® e conclude 1.5 chaldron = 18.0 0.1091 =1.96 m°.

37. he volume of one unitis 1 cm® = 1 x 10°m?® so the volume of a mole of them is
6.02 x 10” cm®=6.02 x 10" m*.  he cube root of this number gives the edge length
8.4x10° m®. hisise uivalent to roughly 8 x 10% km.

38. a sing the fact that the area 4 of a rectangle is  idth x (length e find

A = (3.00acre) + (25.0perch )(4.00 perch)

40 perch)(4 perch)
lacre

= (3.00 acre) (( ) +100perch®
= 580 perch?.

e multiply this by the perch? — rood conversion factor 1 rood 40 perch® to obtain the
ans er A = 14.5 roods.

b e convert our intermediate result in part a

16.5ft
1perch

2
Ayq = (580 perch?) ( j =158 x 10° ft2.

0 e use the feet — meters conversion given in ppendi  to obtain

Ay = (158 x 10°f%) [ Lm

3.281ft

2
j =1.47 x10* m*.
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39. THINK his problem compares the . .gallon ith . .gallon t onon units
for volume. he interpretation of the type of gallons hether . .or . . affects the

amount of gasoline one calculates for traveling a given distance.

EXPRESS f the fuel consumption rate is R in miles gallon then the amount of
gasoline in gallons needed for a trip of distance d in miles ould be

d miles
V gallon = -
R miles gallon
ince the car as manufactured in . . the fuel consumption rate is calibrated based on

U.K. gallon, and the correct interpretation should be “40 miles per U.K. gallon.” In U.K.,
one would think of gallon as U.K. gallon; however, in the U.S., the word “gallon” would
naturally be interpreted as . . gallon. ote also that since 1 . . gallon =4.5460900

and 1 . .gallon=3.7854118 the relationship bet eenthet ois

1 . .gallon

1 . .gallon= 4.5460900
3.7854118

j =1.20095 . . gallons

ANALYZE a he amount of gasoline actually re uired is

L 750 miles
40 miles . .gallon

=18.75 . .gallons~18.8 . .gallons

his means that the driver mistakenly believes that the car should need 18.8 . . gallons.

b sing the conversion factor found above this is e uivalent to

1.20095 . . gallons

V'=(1875 . .gallons)x[ jz22.5 . . gallons

1 . .gallon
LEARN ne . . gallon is greater than one . gallon by roughly a factor of 1.2 in
volume. herefore 40 mi . . gallon is less fuel efficient than 40 mi . . gallon.

40. uation 1 9 gives to very high precision the conversion from atomic mass units to
kilograms. ince this problem deals ith the ratio of total mass 1.0 kg divided by the
mass of one atom 1.0 u but converted to kilograms then the computation reduces to
simply taking the reciprocal of the number given in .19 and rounding off
appropriately.  hus the ans er is 6.0 x 10%.

41. THINK his problem involves converting cord anon  unit for volume to  unit.

EXPRESS singthe e act conversion 1in. =2.54 cm =0.0254 m for length e have
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0.0254 m

1ft=12in= 12in. x[
1lin

J =0.3048 m.

hus 1ft®= 0.3048 m ®=0.0283 m® for volume these results also can be found in
ppendi

ANALYZE he volume of a cord of ood is V= 8ft x 4ft x 4ft =128 ft*>. sing
the conversion factor found above e obtain
0.0283 m®

V =1cord =128 ft°* = 128 ft° x( e J=3.625 m?®

hich implies that 1 m® = (3 L 5)cord =0.276 cord ~ 0.3 cord .

LEARN heun anted units ft* all cancel out as they should. n conversions units obey
the same algebraic rules as variables and numbers.

42. a natomic mass units the mass of one moleculeis 16 1 1u=18u. sing
19 efind

1.6605402 x 10" kg
1lu

J = 3.0 x10%°kg.

18u = (18u) (

b e divide the total mass by the mass of each molecule and obtain the appro imate
number of ater molecules

1.4 x10%

“3ox10® ~oX10%

43.  million milligrams comprise a kilogram so 2.3 kg eek is 2.3 x 10° mg eek.
iguring 7 days a eek 24 hours per day 3600 second per hour e find 604800 seconds
aree uivalenttoone eek. hus 2.3x10°mg eek 604800s eek =3.8mgs.

44. he volume of the ater that fell is

v = (26 km?) (20 in.) = (26 km?) (1205 mjz (2.01in.) (M]

m lin.
= (26 x 10° m?) (0.0508 m)
=1.3x10° m®.

e rite the mass per unit volume density of the ateras p= % =1x10°% kg/m®.

he mass of the ater that fell is therefore given by m = pV’

m = (1x10° kg/m®) (13 x10° m*) = 1.3 x 10° kg.

forum.konkur.in



www.konkur.in

18 CHAPTER 1

45. he number of seconds in a year is 3.156 x 10°. his is listed in  ppendi and
results from the product

365.25dayy 24hday 60minh 60s min.

a he number of shakes in a second is 10® therefore there are indeed more shakes per
second than there are seconds per year.

b enoting the age of the universe as 1 u day or 86400 u sec then the time during
hich humans have e isted is given by

10°

108 = 10 u day

86400 u sec

hich may also be e pressedas (10 u day) ( 1u day

) =86 u sec.
46. he volume removed in one year is V= 75 x10°m* 26m ~2 x 10’ m®

1 km
1000 m

3
hich e convert to cubic kilometers ¥ = (2 x 107 m3) ( J = 0.020 km?®.

47. THINK his problem involves e pressing the speed of light in astronomical units per
minute.

EXPRESS e first convert meters to astronomical units and seconds to minutes
using
1000m=1km 1 —150%x10° km 60s =21 min.

ANALYZE sing the conversion factors above the speed of light can be re ritten as

3
¢=30x10° ms=| 302207 M [ Lkm : (693j=o.12 /min.
S 1000 m ) { 1.50 x 10° km ) \ min

LEARN hen e pressed the speed of light ¢ in min e readily see that it takes
about 8.3 =1 0.12 minutes for sunlight to reach the arth i.e. to travel a distance of 1

48. ince one atomic mass unit is 1u=1.66x10"* g see ppendi the mass of one

mole of atoms is about m= 1.66x107* g 6.02x10” =1g. n the other hand the mass
of one mole of atoms in the common astern mole is
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m’:75—g:109
7.5

herefore in atomic mass units the average mass of one atom in the common astern
mole is

!

m  10¢

N —w =1.66X1O_23 g :10 u.
A . X

49. a  uaring the relation 1 ken =1.97 m and setting up the ratio e obtain

1ken® 197° m’

= = 3.88.
1m? 1m?

b imilarly e find
l1ken® 197° m’
1md 1md

= 7.65.

¢ he volume of a cylinder is the circular area of its base multiplied by its height. hus
zr? h = 7(3.00)° (5.50) = 156 ken®.

d f e multiply this by the result of part b e determine the volume in cubic meters
155.5 7.65 =1.19 x 10° m*,

50. ccording to ppendi a nautical mile is 1.852 km so 24.5 nautical miles ould
be 45.374 km. Iso according to ppendi a mile is 1.609 km so 24.5 miles is
39.4205 km. he difference is 5.95 km.

51. a orthe minimum 43 cm case 9 cubits converts as follo s

9cubits =(9 cubits)GAir_U
cubi

nd for the ma imum 53 cm case e have 9cubits = (90ubits)[0'53mj =4.8m

lcubit

b imilarly ith 0.43 m — 430 mm and 0.53 m — 530 mm e find 3.9 x 10° mm and
4.8 x 10° mm respectively.

c e can convert length and diameter first and then compute the volume or first

compute the volume and then convert. e proceed using the latter approach  here d is
diameter and /7 is length .
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1 cubit

v =% 14? = 28 cubit® = (28 cubit®) (
4

cylinder min

3
0'43mj 22 me.

imilarly  ith 0.43 m replaced by 0.53 m e obtain Veylinger ma = 4.2 m®.

52. Abbreviating wapentake as “wp” and assuming a hide to be 110 acres, we set up the
ratio 25 p 11 barn along ith appropriate conversion factors

100 hide \ (110acre \ [ 4047 m?
(25 p)( 1p )( 1hide )( lacre

(11 barn) (1”0728 m? )

) ~1x10%,

1barn

53. THINK he ob ective of this problem is to convert the arth un distance 1 to
parsecs and light years.

EXPRESS o relate parsec pc to e note that hen @is measured in radians it is
e ual to the arc length s divided by the radius R. or a very large radius circle and small
value of @ the arc may be appro imated as the straight line segment of length 1

hus

@ =1arcsec=(1 arcsec)( L arcmin j( 1 j(Zn radian j =4.85x10"° rad.

60 arcsec )| 60 arcmin 360°
herefore one parsec is

= =206x10°
X

et erelate to light year ly . ince a year is about 3.16 x 10’ s

1ly = (186 000mi/s) (3.16 x 10”s) = 5.9 x 10** mi.

ANALYZE a ince 1pc=2.06 x 10 inverting the relation gives
1pc 6
1 =(1 =4.9x10" pc.
@) (2.06 < 10° ] P
b iven that 1  =929x10°mi and 1ly=59x10” mi the t o e pressions

together lead to

1 =929x10° mi= 92.9x10° mi LYH =1.57x10"ly.
5.9 x10™ mi
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LEARN ur results can be further combined to give 1pc=3.2ly. rom the above

e pression e readily see that it takes 1.57x10° y or about 8.3 min for unlight to
travel a distance of 1 to reach the arth.

54. a sing ppendi ehave 1 ft=0.3048 m 1gal =231in.® and 1in.® = 1.639 x
102 . rom the latter t o items e find that 1 gal = 3.79 . hus the uantity 460

ft? gal becomes
460 ft? gal <[ 4602} _Lm (el )y, g m?/
gal )\ 3.28ft) | 3.79 ' '

b Iso since 1 m®ise uivalentto 1000 our result from part a becomes

2
11.3m’ :(11'3”‘ J[lgoos j:1.13x104 m™,
m

¢ heinverse of the original uantity is 460 ft* gal ' =2.17 x 107 gal ft’.

d heans erin c represents the volume of the paint in gallons needed to cover a

s uare foot of area. rom this e could also figure the paint thickness it turns out to be
about a tenth of a millimeter as one sees by taking the reciprocal of the ans er in part
b .

55. a he receptacle is a volume of 40 cm 40 cm 30 cm = 48000 cm® = 48 =
48 16 11.356 = 67.63 standard bottles hich is a little more than 3 nebuchadne ars
the largest bottle indicated .  he remainder 7.63 standard bottles is ust a little less
than 1 methuselah. hus the ans erto part a is 3 nebuchadne ars and 1 methuselah.

b ince 1 methuselah.= 8 standard bottles then the e tra amount is 8 — 7.63 = 0.37
standard bottle.

c sing the conversion factor 16 standard bottles = 11.356 e have

0.37 standard bottle = 0.37 standard bottle [ 11356 j:

16 standard bottles

56. he mass of the pig is 3.108 slugs or 3.108 14.59 =45.346 kg. eferringno to
the corn a . . bushel is 35.238 liters. hus a value of 1 for the corn-hog ratio ould
be e uivalent to 35.238 45.346 = 0.7766 in the indicated metric units. herefore a value
of 5.7 for the ratio corresponds to 5.7 0.777 =~ 4.4 in the indicated metric units.

57. o alape o peppers have spiciness = 8000 and this amount multiplied by 400
the number of people is 3.2 x10° hich is roughly ten times the value for a
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single habanero pepper. ore precisely 10.7 habanero peppers ill provide that total
re uired value.

58. n the simplest approach e set up a ratio for the total increase in horizontal depth x
here Ax = 0.05 m is the increase in hori ontal depth per step

X = Nygps Ax :(%j(0.0S m)=12m.

0 ever e can approach this more carefully by noting that if there are N = 4.57 .19 ~
24 rises then under normal circumstances e ould e pect N — 1 =23 runs hori ontal
pieces in that staircase. his ould yield 23 005 m =115 m hich tot o
significant figures agrees ith our first result.

59. he volume of the filled container is 24000 cm® = 24 liters  hich using the
conversion given in the problem ise uivalentto 50.7 pints . . hee pected number
is therefore in the range from 1317 to 1927 tlantic oysters. nstead the number received
is in the range from 406 to 609 acific oysters. his represents a shortage in the range of
roughly 700 to 1500 oysters the ans er to the problem .  ote that the minimum value
in our ans er corresponds to the minimum tlantic minus the ma imum acific and the
ma imum value corresponds to the ma imum tlantic minus the minimum acific.

60. a e reduce the stock amount to ritish teaspoons

1 breakfastcup = 2 x 8 x 2 x 2 = 64 teaspoons
lteacup =8 x 2 x 2 = 32 teaspoons

6 tablespoons =6 x 2 x 2 = 24 teaspoons

1 dessertspoon = 2 teaspoons

hich totals to 122 ritish teaspoons or 122 . . teaspoons since li uid measure is being
used. o ithone . cupe ualto 48 teaspoons upon dividing 122 48 ~2.54 e find
this amount corresponds to 2.5 . . cups plus a remainder of precisely 2 teaspoons. n
other ords

122 . .teaspoons=2.5 . .cups 2 . .teaspoons.

b or the nettle tops one half uart is still one half uart.

c or the rice one ritish tablespoon is 4 ritish teaspoons hich since dry goods

measure is being used correspondsto2 . . teaspoons.
d ritish saltspoon is 1 ritish teaspoon hich corresponds since dry goods
measure is again beingused to1l . .teaspoon.
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1. he speed assumed constant isv = 90 kmh 1000 m km / 3600 sh =25 ms.
hus in 0.50 s the car travels a distance d=vt= 25ms 0.50s ~13 m.

2. a sing the fact that time = distance velocity hile the velocity is constant e
find
_73.2m+73.2m

Vg = 732m | 732m
1.22ms " 3.05m

=174 ms.

b sing the fact that distance = v¢ hile the velocity v is constant e find

~122m s 60s + 305m s 60s

- =214m s.
120's

v

c he graphs are sho n belo ith meters and seconds understood . he first
consists of t o solid line segments the first having a slope of 1.22 and the second
having a slope of 3.05. he slope of the dashed line represents the average velocity in
both graphs . he second graph also consists of t o solid line segments having the
same slopes as before — the main difference compared to the first graph being that
the stage involving higher speed motion lasts much longer.

256

B34/

t T T
60 84 60 120

3. THINK his one dimensional kinematics problem consists of t o parts and e
are asked to solve for the average velocity and average speed of the car.

EXPRESS ince the trip consists of t o parts let the displacements during first and
second parts of the motion be Ax; and Ax, and the corresponding time intervals be Az
and Az, respectively. o because the problem is one dimensional and both
displacements are in the same direction the total displacement is simply Ax = Ax;
Ax, and the total time for the trip is A = At;  A#,.  sing the definition of average
velocity givenin .22 ehave

CAx Ax, +Ax,

v, = = .
MOOAr AL+ AL

23
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o find the average speed e note that during a time Ar if the velocity remains a
positive constant then the speed is e ual to the magnitude of velocity and the
distance is e ual to the magnitude of displacement ith d= Ax =vAs

ANALYZE
a uring the first part of the motion the displacement is Ax; = 40 km and the time
taken is
;o 40 km
' 30km h
imilarly during the second part of the trip the displacement is Ax, = 40 km and the
time interval is

=133h.

40 km

t,=——————=067h.
60 km h

he total displacement is Ax = Ax; Ax, =40 km 40 km =80 km and the total time
elapsed is Ar=A#; A, =2.00 h. onse uently the average velocity is

Ax 80 km

Vag =—— = =40 km h.
At 2.0h

b n this case the average speed is the same as the magnitude of the average
velocity s,,, =40 km h.

c he graph of the entire trip sho n belo consists of t o contiguous line
segments the first having a slope of 30 km h and connecting the originto A#; Ax; =
1.33h 40 km and the second having a slope of 60 km h and connecting A# Ax;

to Az, Ax = 2.00h 80 km .

Ax (km) (2.0h, 80 k)
80 )
60 o ¢
40 T
- (133 h, 40 km)
20 s
= ; ; ; — At (h)
0 0.5 1 1.5 2

rom the graphical point of vie the slope of the dashed line dra n from the origin
to Az, Ax represents the average velocity.

LEARN he average velocity is a vector uantity that depends only on the net
displacement also a vector bet een the starting and ending points.

4. verage speed as opposed to average velocity relates to the total distance as

opposed to the net displacement. he distance D up the hill is of course the same as
the distance do n the hill and since the speed is constant during each stage of the
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motion e have speed = D . hus the average speed is

Dup + Ddo no_ 2D

tup+tdon 24_ D

Vup vdo n

hich after canceling D and plugging in vy, =40 km h and vg, » =60 km h yields 48
km h for the average speed.

5. THINK n this one dimensional kinematics problem, we’re given the position
function x + and asked to calculate the position and velocity of the ob ect at a later
time.

EXPRESS he position function is givenasx 7 = 3ms¢— 4ms’# 1ms’ A
he position of the ob ect at some instant 7, is simply given by x # . or the time
interval # <¢<t, the displacement is Ax=x1¢, —x ¢ . imilarly using .22

the average velocity for this time interval is
Ax xt, —xt
Vawg ==, .
.Y, t,—t
ANALYZE a lugginginz=1sintox ¢ yields
x1s=3ms 1s - 4ms® 1s? 1ms® 1s®=0.
b ithr=2s egetx2s = 3ms 2s — 4ms*> 2s® 1ms® 2s°=-2m.
c ithr=3s ehavex 3s = 3ms 3s — 4ms* 3s® 1ms® 3s°=0m.
d imilarly plugging in ¢ =4 s gives
x4s =3ms 4s — 4ms? 4s? 1ms® 4s3=12m.

e hepositionatz=0isx =0. hus the displacement bet eenz=0and =4 s is
Ax=x4s —x0 =12m-0=12m.

f  he position at # = 2s is subtracted from the position at # = 4 s to give the
displacement Ax=x4s —x 2s =12m—- -2m =14 m. hus the average velocity

IS

g he position of the ob ect for the interval 0 < ¢ < 4 is plotted belo . he straight
line dra n from the pointat 7 x = 2s -2m to 4s 12m ould represent the
average velocity ans er for part f.
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x(m) (4s, 12m)

12
10 4
/
/

-2 -

(2s, —2m)

voos o ®
N

LEARN ur graphical representation illustrates once again that the average velocity
for a time interval depends only on the net displacement bet een the starting and
ending points.

6. uber’s speed is
vo= 200m 6.509s =30.72ms=110.6 km h

here e have used the conversion factor 1 ms =3.6 km h. ince hittingham beat

uber by 19.0 km h his speed is vi= 110.6 kmh 19.0 kmh =129.6 km h or 36
ms 1kmh=0.2778 ms. hus using .2 2 the time through a distance of 200 m
for hittingham is

Ar=BX_200m oy

v, 36ms

7. ecogni ing that the gap bet een the trains is closing at a constant rate of 60 km h
the total time that elapses before they crash is 7= 60 km 60 kmh =1.0h. uring
this time the bird travels a distance of x =v#= 60 km h 1.0h =60 km.

8. he amount of time it takes for each person to move a distance L ith speed v, is
Ar=L v, . itheach additional person the depth increases by one body depth d

a he rate of increase of the layer of people is

d d dv, 025m 350ms

=—-= =—2 =050ms
At Lv, L 1.75m
b he amount of time re uired to reach a depth of D=5.0 mis
(=2-30M 404
R 050ms

9. onverting to seconds the running times are 1, = 147.95 s and r, = 148.15 s
respectively. fthe runners eree ually fast then

avgy ~ Yavgo = P t
1 2

rom this e obtain
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j L =(“8i—1j L, =0.00135L, ~1.4 m

t
L-L=|2-1
2~ h (r 147.95

1

here e set L; ~ 1000 m in the last step. hus if L; and L, are no different than
about 1.4 m then runner 1 is indeed faster than runner 2. o ever if L; is shorter
than L, by more than 1.4 m then runner 2 ould actually be faster.

10. et v, be the speed of the indand v, be the speed of the car.

a uppose during time interval z the car moves in the same direction as the ind.

hen the effective speed of the car is given byv,,, =v_+v, and the distance traveled

is d=v,t,= v, +v, t,. ntheotherhand for the return trip during time interval 7,

the car moves in the opposite direction of the ind and the effective speed ould be
Vo =V.—Vv,. hedistance traveled is d=v,_ ,;,= v.—v, 1,. het oe pressions

can be re ritten as

v.+v,=— and v —-v, =—
4 ' A
. . o . 1(d d
dding the t o e uations and dividing by t o e obtain v, =3 t—+t— . hus
1 2

method 1 gives the car’s speed v, a in indless situation.

b fmethod 2 is used the result ould be

, d 2d 2d y2oy? v Y
V(> = = = = = Vc -] — '
L+t, 2+t d d v V.

he fractional difference is

1% 1%

c c

, 2
Ve 7 Ve :[V_j — 0.0240 ? =5.76x10™*.

11. he values used in the problem statement make it easy to see that the first part of
the trip at 100 km h takes 1 hour and the second part at 40 km h also takes 1 hour.

pressed in decimal form the time left is 1.25 hour and the distance that remains is
160 km. hus aspeedv= 160km 1.25h =128 km h is needed.

12. a et the fast and the slo cars be separated by a distance d at r = 0. fduring the
time interval r=L v, =120m 5.0ms =240sin hich the slo car has moved
a distance of L =12.0 m the fast car moves a distance of vt =d+ L to oin the line
of slo cars then the shock ave ould remain stationary. he condition implies a
separation of

d=vt—L=25ms 24s —-12.0 m=48.0 m.

b et the initial separationat 7=0 be 4=96.0m. ta later time 7 the slo and
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the fast cars have traveled x=v¢ and the fast car oins the line by moving a distance

d+x. rom
x d+x
[=—=
v, v
e get
x=—2 g 5.00ms 96.0m =24.0 m

v—v  250ms-500ms

hich in turn gives 7= 240m 5.00ms =4.80s. ince the rear of the slo car

pack has moved a distance of Ax=x—-L=24.0m-12.0 m=12.0 mdo nstream the
speed of the rear of the slo  car pack or e uivalently the speed of the shock ave is

y _Ax _120m
ok 4 4805

¢ ince x> L thedirection of the shock aveisdo nstream.

=2.50ms.

13. a enoting the travel time and distance from an ntonioto oustonas 7 and D
respectively the average speed is

D= 55kmh 72 + 90kmh 7 2 _795kmh

Savgl = ? T

hich should be rounded to 73 km h.
b sing the fact that time = distance speed hile the speed is constant e find

D D
w2 == p 7z —683kmh
55kmh " 90 kmh

S

hich should be rounded to 68 km h.

c he total distance traveled 2D must not be confused ith the net displacement
ero. eobtainforthet o aytrip

5 = 2D ____70kmh.

avg D i
725kmh " 68.3kmh

d ince the net displacement vanishes the average velocity for the trip in its entirety
i ero.

e n asking for a sketch the problem is allo ing the student to arbitrarily set the
distance D the intent is not to make the student go to an atlas to look it up the
student can ust as easily arbitrarily set 7 instead of D as ill be clear in the follo ing
discussion. e briefly describe the graph  ith kilometers per hour understood for
the slopes t o contiguous line segments the first having a slope of 55 and
connecting the originto # x; = T'2 5572 and the second having a slope of 90 and
connecting # x; to 7, D here D= 55 90 T'2. he average velocity from the
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graphical point of vie s the slope of a line dra n from the originto 7, D. he
graph not dra n to scale is depicted belo

14. sing the general property <e p bx =be p bx e rite

dx d 19¢ . de™
V=—-= e+ 19 - .
dt dt dt

f a concern develops about the appearance of an argument of the e ponential —¢

apparently having units then an e plicit factor of 1 7 here 7' = 1 second can be

inserted and carried through the computation  hich does not change our ans er .
he result of this differentiation is

v=161-¢t¢e"

ith zand v in  units s and ms respectively . e see that this function is ero
henz=1s. o that e kno when it stops e find out where it stops by

plugging our result 7 = 1 into the given function x = 16z¢” ith x in meters. herefore
e find x =5.9 m.

15. euse .2 4tosolve the problem.

a he velocity of the particle is

v:ﬁ:i 4-12¢+3t2 =-12+6t.
dt dt

hus atz=1s thevelocityisv= -12 6 1 =-6ms.
b ince v<0 itis moving in the —x directionatz=1s.
c tr=1s thespeedis v =6ms.

d or0<r<2s v decreases until it vanishes. or 2 <¢< 3 s v increases from
ero to the value it had in part ¢ . hen v is larger than that value for 7> 3 s.

e es since v smoothly changes from negative values consider the # = 1 result to

positive note thatas s —> o ehavev — . necan check thatv=0 hen
t=2s.
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f o. nfact fromv=-12 6r ekno thatv>O0forz>2s.

16. e use the functional notation x # v ¢ and a ¢ in this solution here the latter
t o uantities are obtained by differentiation

v(t)=——==-12r and a(r)= % =-12

ith  units understood.
a romv¢ =0 efinditis momentarily atrestatz=0.
b eobtainx0 =4.0m.

c and d e uiringxs =0inthe e pressionx s = 4.0 — 6.0/ leads to = +0.82 s
for the times  hen the particle can be found passing through the origin.

e esho both the asked for graph on the left) as well as the “shifted” graph that

is relevant to part f. n both cases the time a is is given by -3 <7< 3 units
understood .

/ U——\\ ! . ' O-/ll\ 4

-1004 =100

f e arrived at the graph on the right sho n above by adding 207 to the x ¢
e pression.

g amining here the slopes of the graphs become ero it is clear that the shift
causes the v = 0 point to correspond to a larger value of x the top of the second curve
sho ninpart e is higher than that of the first .

17. euse .2 2 for average velocity and . 2 4 for instantaneous velocity and
ork ith distances in centimeters and times in seconds.

a e plug into the given e uation for x for # = 2.00 s and ¢ = 3.00 s and obtain x; =
21.75 cm and x3 = 50.25 cm respectively. he average velocity during the time
interval 2.00 <7<3.00sis

_ Ax 5025cm-2175cm
v T A7 T 3005 —200s
hich yields vayg = 28.5 cm s.

b he instantaneous velocity is v=<% =45/* hich attime=2.00s yields v =
45 2.00%=18.0cms.
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¢ tr=3.00s the instantaneous velocity isv= 4.5 3.00 >=40.5cms.
d tr=250s the instantaneous velocity isv= 4.5 2.50 2= 28.1 cm s.

e etz,stand for the moment hen the particle is mid ay bet een x; and x3 thatis
hen the particle isatx,, = x, x3 2=36cm . herefore

x, =975 + 15° = t =259
in seconds. hus the instantaneous speed at this time is v = 4.5 2.596 2=30.3 cm s.
f heans ertopart a is given by the slope of the straight line bet een =2 and ¢
=3inthisxvszplot. heans erstoparts b ¢ d and e correspond to the

slopes of tangent lines not sho n but easily imagined to the curve at the appropriate
points.

x(cm)
60

40+ (a)

204

T
18. a aking derivatives of x ¢/ = 12/ — 2/ e obtain the velocity and the
acceleration functions
vi =24—67 and at =24-12¢

ith length in meters and time in seconds. lugging in the value ¢ = 3 vyields
x3 =54m.

b imilarly plugging in the value r =3 yieldsv 3 =18 ms.

c orr=3 a3 =-12m#¢-.

d tthema imumx e must have v = 0 eliminating the # = 0 root the velocity
e uation reveals r = 24 6 = 4 s for the time of ma imum x.  lugging ¢ = 4 into the
e uation for x leads to x = 64 m for the largest x value reached by the particle.

e rom d eseethat the x reaches its ma imum ats=4.0s.

f maimumvre uiresa=0 hichoccurs hen¢s=2412=2.0s. his inserted
into the velocity e uation gives vma =24 ms.

g rom f eseethatthe ma imum of voccursats=2412=2.0s.

h npart e the particle as momentarily motionless ats=4s. he acceleration at
that time is readily found to be 24 —12 4 =24 m s°.
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I he average velocity is defined by .2 2 so e see that the values of xat 7 =0
and 7 = 3 s are needed these are respectively x =0and x =54 m found in part a .
hus
54-0
Vavg = ﬁ =18ms.

19. THINK n this one dimensional kinematics problem, we’re given the speed of a
particle at t o instants and asked to calculate its average acceleration.

EXPRESS e represent the initial direction of motion as the x direction. he
average acceleration over a time interval # <z<z,isgivenby .27

u _Av v, —vi
M A t,—t,

ANALYZE etv;= 18msat ,=0andv,=-30msatz,=24s. sing .27

e find
aavgzvt2 —vt, _ —30ms — +Ims _0ms.
t,—t 24s-0

LEARN he average acceleration has magnitude 20 m s® and is in the opposite
direction to the particle’s initial velocity. This makes sense because the velocity of the
particle is decreasing over the time interval. ith 7 =0 the velocity of the particle

as a function of time can be ritten as
v=v,+at=18ms — 20ms? ¢.

20. e use the functional notation x # v ¢ and a ¢ and find the latter t o uantities
by differentiating
dx(?)

v(t) =—"

=-152 + 20 and a(r) :dtT(zt) = —30¢

ith  units understood. hese e pressions are used in the parts that follo .

a rom 0=-15*+20 e see that the only positive value of ¢ for hich the
particle is momentarily stoppedis 7=+/20 15=12s.

b rom0=-30r efinda O =0 thatis itvanishesats=0 .

(@]

tisclearthat a + =— 30z is negative forz 0.

d he acceleration a + =— 30z is positive for 7 0.

@D

he graphs are sho nbelo . units are understood.
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e also use the fact that Ax = vAf?

-201

-50

33

-30

euse .22 average velocity and .2 7 average acceleration .
our coordinate choices the initial position of the man is taken as the origin and his
direction of motion during 5 min <7 < 10 min is taken to be the positive x direction.

interval Ar .

a

hereas the sub interval in

he entire interval considered is A =8 — 2 =6 min

egarding

hen the velocity is constant during a time

hich is e uivalent to 360 s

hich he is moving is only A’ =8 —5=3min =180 s.

is position at 7 = 2 min is x = 0 and his position at 7 = 8 min is x=vA¢' =
2.2 180 =396 m. herefore

Vag _30M=0_ o s
360 s
b he man is at rest at # = 2 min and has velocity v= 2.2 msatz=8 min. hus
keeping the ans er to 3 significant figures
ay, =220 570 _g00611m .
360 s
c o0 theentire interval considered is At=9—3 =6 min 360 sagain  hereas the
sub interval in hich he is moving is A#'=9-5=4min=240s . is position at
t=3minis x = 0 and his position at £ = 9 min isx=vA¢' = 2.2 240 =528 m.
herefore
vy =228M =0 147 m s
360 s
d he man is at rest at # = 3 min and has velocity v = 2.2 ms at r = 9 min.

onse uently g = 2.2 360 =0.00611 m s® ust as in part b .

e

he hori ontal line near the bottom of this

x Vs ¢ graph represents the man standing at x = 0 x

for 0 < ¢ 300 s and the linearly rising line for
300 < ¢ < 600 s represents his constant velocity
motion. he lines represent the ans ers to part a

and c in the sense that their slopes yield those
results.

he graph of v vs 7 is not sho n here but ould
consist of two horizontal “steps” (one at v =0 for 0

0<¢t 300sandthene tatv=2.2msfor 300 < f

500 A

(a)

(©)
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t < 600 s. he indications of the average accelerations found in parts b and d
would be dotted lines connecting the “steps” at the appropriate ¢ values the slopes of
the dotted lines representing the values of aayg .

22. nthis solution e make use of the notation x ¢ for the value of x at a particular ¢.
he notations v ¢+ and a ¢ have similar meanings.

a ince the unit of ¢/ is that of length the unit of ¢ must be that of length time® or
ms®inthe  system.

b ince 57 has a unit of length 5 must have a unit of length time® or m s°.
c  hen the particle reaches its ma imum or its minimum coordinate its velocity is

ero. ince the velocity is given by v = dx dr = 2¢t — 3b* v = 0 occurs for 7 = 0 and
for

,_2c_230m s

=—= =10s.
3 320m §°

ort=0 x=xp=0andforr=10s x=1.0m xp. ince eseekthema imum e
re ect the first root #=0 and accept the second 7=1s .

d n the first 4 s the particle moves from the origin to x = 1.0 m turns around and

goes back to
x4s =30m s’ 40s° - 20m s® 40s°=-80m.

he total path length it travelsis1.0m 1.0m 80 m=82m.

e tsdisplacementis Ax=x,—x; herex;=0andx; =-80m. hus Ax=-80m.

he velocity is given by v=2cr—3b° = 6.0ms? r— 6.0m s® /.

f luggingins=1s e obtain

vls = 6.0ms® 1.0s — 6.0ms® 1.0s?=0.

g imilarly v2s = 6.0ms* 20s — 6.0ms® 20s*=-12ms.

h v3s=60ms* 30s - 60ms® 3.0s°=-36ms.

i v4s =6.0ms® 40s —6.0ms® 40s°=-72ms.

he acceleration is given by a = dv dr=2¢ —6b=6.0ms*— 12.0m s’ «.

lugginginz=1s eobtain als =6.0ms*— 12.0ms® 1.0s =-6.0ms>

K a2s =60ms?’— 120ms® 20s =-18m s
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| a3s =6.0ms*— 12.0ms® 3.0s =-30m s>
m ad4s =6.0ms°— 12.0ms® 40s = —42 ms°.

23. THINK he electron undergoes a constant acceleration. iven the final speed of
the electron and the distance it has traveled e can calculate its acceleration.

EXPRESS ince the problem involves constant acceleration the motion of the
electron can be readily analy ed using the e uations givenin able 2 1

v=y, +at 2-11

1 .
x—x0=v0t+zat 2-15
v =V +2a x—x, 2-16

he acceleration can be found by solving . 2 16.

ANALYZE ith v,=1.50x10°ms v=5.70x10°ms xo=0andx=0.010m e
find the average acceleration to be
_vi—v)  57x10°ms - 1.5x10°ms ?

= _ =1.62x10" ms°.
2x 2 0.010 m

LEARN tis al ays a good idea to apply other e uations in able 2 1 not used for
solving the problem as a consistency check. or e ample since e no kno the
value of the acceleration using .2 11 the time it takes for the electron to reach its
final speed ould be

A 5.70x10° ms—1.5x10° m s

— =3.426x10" s
a 1.62x10° ms

ubstituting the value of #into . 2 15 the distance the electron travels is

X=X, +vot+%at2 =0+ 1.5x10°ms 3.426x10°s +% 1.62x10° ms® 3.426x107° s ?
=0.01m

hisis hat as given in the problem statement. o e kno the problem has been
solved correctly.

24. nthis problem e are given the initial and final speeds and the displacement and
are asked to find the acceleration. e use the constant acceleration e uation given in

.2 16 v2=v(2) 2a X —Xxg .

a iventhat vy=0 v=1.6ms and Ax=5.0um the acceleration of the spores
during the launch is
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vVi-v;  16ms?

L =256x10° ms?=26x10"g
X .UX m

a=

b uring the speed reduction stage the acceleration is

Vi—v;  0-16ms?

a= = ——— =-1.28x10° ms* =-1.3x10°g
2x 21.0x10"° m

he negative sign means that the spores are decelerating.

25. e separate the motion into t o parts and take the direction of motion to be
positive. n part 1 the vehicle accelerates from rest to its highest speed e are given
w=0 v=20msand a=2.0ms% npart2 the vehicle decelerates from its highest
speed to a halt e are given vy, =20ms v=0and a =-1.0 ms® negative because
the acceleration vector points opposite to the direction of motion .

a rom able21 efind# the duration of part 1 fromv =v, ar. nthis ay
20=0+2.0z,yields #» = 10 s. e obtain the duration #, of part 2 from the same

e uation. hus 0=20 -1.0#%ileadstor,=20s andthetotalis¢r=# # =30s.

b orpartl takingxo=0 e usethee uation v’ =v§ 2ax—x; from able21
and find

2_ 2 2 02
_v v0=20ms 0 ~100m.

X
2a 220ms?

his position is then the initial position for part 2 so that hen the same e uation is
used in part 2 e obtain
22 2 2
100 m=" VO:O ZOmZS
2a 2-1.0ms

hus the final position is x = 300 m. hat this is also the total distance traveled
should be evident the vehicle did not backtrack or reverse its direction of motion .

26. he constant acceleration condition permits the use of able 2 1.
a ettingv=0andxo=0in v*=v?+2a x—x, efind

2 6 2
oo v 1500x10°7 o0
2 a 2 -1.25x10

ince the muon is slo ing the initial velocity and the acceleration must have opposite
signs.

b elo are the time plots of the position x and velocity v of the muon from the

moment it enters the field to the time it stops. he computation in part a made no
reference to ¢ so that other e uations from able 21 such as v=v, + ar and
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x=v,t ++ar’ are used in making these plots.

X (cm) v (Mm/s)
10 8.0
7.5+ 6.0
5.0 4.0
2.50 2.0
0 T T T — I (ns) 0 T T T T t (ns)
10 20 30 40 10 20 30 40

27. eusev=vy at ithr=0astheinstant hen the velocitye uals 9.6 ms.

a ince e ish to calculate the velocity for a time before t =0 e sett=-25s.
hus .2 11 gives

v=96m s +(32m §’) -25s =16m s

b o ¢= 25sand efindv=96m s +(32m s’) 255 =18m s.

28. etake «x in the direction of motion sovo= 24.6msanda=—-492ms% e
also take xo = 0.

a hetimetocometo a haltis found using .2 11

0=y, +at = t= 228MS _g0ps.
-4.92m s

b Ithough several of the e uations in able 2 1 ill yield the result e choose
2 16 since it does not depend on our ans ertopart a .

2
0=V, +2ax = x= — 240 MS° __g9 5.

2(—4.92 m 52)

¢ sing these results e plot v+%ar® the x graph sho nne t on the left and
vo at thevgraph ontheright over0<s<5s ith units understood.

x v
60

207
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29. e assume the periods of acceleration duration #, and deceleration duration #,
are periods of constant @ so that able 2 1 can be used. aking the direction of motion
tobe xthena;= 1.22ms’anda, =-1.22ms’ euse units so the velocity at 7
=1 isv=30560=5.08ms.

a edenote Ax as the distance moved during #; anduse .2 16

2
Vot 2ahr = Ac=—220MS 1050 m~106m.
2122ms

b sing .211 ehave
_v—y, 508ms

4 = >=4.17s.
a 122ms

he deceleration time #, turns out to be the same so that 4, 7, =8.33 s. he distances
traveled during 7, and #, are the same so that they total to 2 10.59 m =21.18 m. his
implies that for a distance of 190 m — 21.18 m = 168.82 m the elevator is traveling at
constant velocity. his time of constant velocity motion is

16882 m

t =3321s.
508 m s

herefore the total time is 8.33s 33.21s~415s.

30. e choose the positive direction to be that of the initial velocity of the car
implyingthat a O sinceitisslo ingdo n. e assume the acceleration is constant
and use able?2 1.

a ubstituting vo = 137 kmh=38.1ms v=90kmh=25ms and a =-5.2m s’
intov=vy at eobtain

t_25m s—38m s

-52m §° 238

b etakethecartobeatx=0 henthe brakes *™

are applied attimes=0. hus the coordinate of gg-
the car as a function of time is given by
60

x=(38ms)t+%(—5.2m82)t2 40

in units. his function is plotted from # = 0 to ¢ -l

= 2.5 s on the graph to the right. e have not " 1 : : : :
sho n the v vs ¢ graph here it is a descending 05 1.0 15 20 25
straight line from vg to v. £(s)

31. THINK he rocket ship undergoes a constant acceleration from rest and e ant
to kno the time elapsed and the distance traveled hen the rocket reaches a certain
speed.
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EXPRESS ince the problem involves constant acceleration the motion of the rocket
can be readily analy ed using the e uationsin able2 1

v=yv,+at 2-11

1 .
x—x0=v0t+§at 2-15
v =V +2a x—x, 2-16

ANALYZE a iventhata=9.8ms’ 1,=0 and v=0.1c=3.0x10"ms e can
solve v=v,+at forthe time
V=V, 3.0x10" ms-0

58S =3.1x10° s
a .oms

=

hich is about 1.2 months. o it takes 1.2 months for the rocket to reach a speed of
0.1c starting from rest  ith a constant acceleration of 9.8 m s°.

b o calculate the distance traveled during this time interval e evaluate
x=x,+vt+iar’® ithxo=0and v,=0. heresultis

x=% (9.8 m 52) 3.1x10°%s % = 4.6x10" m.

LEARN nsolving parts a and b edidnotuse . 216 vV'=v+2a x—x, .

his e uation can be used to check our ans ers. he final velocity based on this
e uation is

v=\/v§+2a X=X, =\/0+2 98ms? 46x10°m-0 =3.0x10"ms

hich is hat as given in the problem statement. o e kno the problems have
been solved correctly.

32. he acceleration is found from .2 11 or suitably interpreted .2 7.

1000 m km

(1020 km h) [ 26005 T j
S
a=2V_ —2024m s%.

At 14 s

n terms of the gravitational acceleration g this is e pressed as a multiple of 9.8 m s°

as follo s
202.4m s?
z( 9.8ms’ jg:ﬂg'

33. THINK he car undergoes a constant negative acceleration to avoid impacting a
barrier. iven its initial speed e antto kno the distance it has traveled and the
time elapsed prior to the impact.
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EXPRESS ince the problem involves constant acceleration the motion of the car
can be readily analy ed using the e uationsin able2 1

v=v,+at 2-11

1 .
x—x0=v0t+§at 2-15
v =2 +2a x—x, 2-16

e take xo = 0 and vp = 56.0 km h = 15.55 m s to be the initial position and speed of
the car. olving .2 15 ithz=2.00 s gives the accelerationa. nceaiskno n the
speed of the car upon impact can be found by using . 2 11.

ANALYZE a sing .2 15 e findthe acceleration to be

- 2] 240m — 1555ms 2.00s
a=2x2v0t _ [ ' ]= ~3.56m s’
t 2.00s

or a=356ms’. he negative sign indicates that the acceleration is opposite to the
direction of motion of the car the carisslo ingdo n.

b he speed of the car at the instant of impact is
v=v,+at=1555ms+ 356 ms’ 2.00s =8.43ms

hich can also be converted t030.3 km h.

LEARN n solving parts a and b edid notuse .1 16. hise uation can be
used as a consistency check. he final velocity based on this e uation is

v=\2+2a x—x, = 1555ms2+2-356ms’ 24m-0 =8.43ms

hichis hat ascalculatedin b . his indicates that the problems have been solved
correctly.

34. etdbe the 220 m distance bet een the carsat =0 and v, be the 20 km h =509

m s speed corresponding to a passing point of x; = 44.5 m and v, be the 40 km h

=100 9 m s speed corresponding to a passing point of x, = 76.6 m of the red car.
ehavet oe uations basedon .2 17

d—xl =Vl % a llz here n= xl/Vl

d—x2=v0t2 %Cll‘zz heret2=x2 /V2

e simultaneously solve these e uations and obtain the follo ing results
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a he initial velocity of the green car is vo = — 13.9 m s. or roughly — 50 km h the
negative sign means that it’s along the —x direction .

b he corresponding acceleration of the car is @ = — 2.0 ms* the negative sign
means that it’s along the —x direction .

35. he positions of the cars as a function of time are given by

1 1
X t =x,+-at’=-350m +=ar’
2 2

X, 1 =x,+v,t=270m — 20ms ¢

here e have substituted the velocity and not the speed for the green car. het o
cars pass each otherat #=12.0s  hen the graphed lines cross. his implies that

270m — 20ms 12.0s =30m= -35.0m +%a,_ 12.0s *

hich can be solved to give a, =0.90 m s°.

36. a  uation 2 15 is used for part 1 of the tripand . 2 18 is used for part 2

Ax1 =vorth % a l12 here a1 =2.25m s? and Axy = % m
Axz = valz = % arty’ here a, =—-0.75 m s* and Ax, = 25 %?0 m

n addition v, = v, = 0. olving these e uations for the times and adding the results
givest=1 +t, =56.6 .

b uation 2 16 is used for part 1 of the trip

V= va? 2amAx =0 2225 (?j =1013 m?s?

hich leads to v = 31.8 m s for the ma imum speed.

37. a romthe figure eseethatxo=-2.0m. rom able2 1 ecanapply
X —Xo = vot %atz

ith z = 1.0 s and then again ith #=2.0s. his yieldst o e uations for thet o
unkno ns vpand a
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0.0—(~2.0 m)=v,(1.0 S)+%a(1.0 s)’

6.0m—(-2.0 m)=v, (2.0 S)+%a(2.0 s)’.

olving these simultaneous e uations yields the results vo = 0 and @ = 4.0 m s%

b he fact that the ans er is positive tells us that the acceleration vector points in
the x direction.

38. e assume the train accelerates from rest v,=0 and x,=0 at

a,=+134 m s until the mid ay point and then decelerates at a, =-134 m §°

until it comes to astop (v, =0) atthe ne tstation. he velocity at the midpoint is v,
hich occurs at x; = 806 2 = 403m.

a uation 2 16 leads to

V=V +2ax, = v = \/2(1.34 m sz)(403 m) =329 ms.

b hetime 7 for the accelerating stage is using .2 15
1 2(403 m)
xl = VOtl + zaltlz = tl = m = 24535 .

ince the time interval for the decelerating stage turns out to be the same e double

this result and obtain 7 = 49.1 s for the travel time bet een stations.
(c) With a “dead time” of 20 s, we have 7'=¢ 20 = 69.1 s for the total time bet een
start ups. hus .2 2gives

_806m_ 117 s,

v
™ 691s

d he graphs for x v and a as a function of # are sho nbelo . he third graph a ¢
consists of three horizontal “steps” — one at 1.34 ms®> during0 ¢ 24.53 s and
the ne tat—1.34 m s? during 24.53 s 7<49.1 s and the last at zero during the “dead
time” 49.1s <t 69.1s.
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a (m/sz)

1.5

0.5

05 10 20" 30 40 50 60 70 t(s)
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39. a enotethatv =126 =2 ms itht o significant figures understood .
herefore ith an initial x value of 20 m car illbeatx=28m hen¢=4s.
his must be the value of x forcar atthattime euse .2 15

2

28m= 12ms ¢ at herer=40s.

N

his yieldsa =—2.5ms%

b he uestion is using the value obtained for a in part a are there other values
of + besidesz=4s suchthatx =x he re uirement is

2

20 2t=12¢t a t

NI

here a =-5 2. here are t o distinct roots unless the discriminant

\/102 -2-20 a is ero. nourcase itis ero— hich means there is only one root.
he cars are side by side only once at r = 4 s.

c sketchissho nbelo . tconsists of astraight line x tangent to a parabola x
atr=4.

x (m)

40 XA
. /
20 (4's,28m)
25
20 | XB

15 '

10 !

5 I

2 4 6 8 10 46

d e only care about real roots hich means 10°-2 20 @ >0. f a 52
then there are no real solutions to the e uation the cars are never side by side.

e ere ehave10°-2-20 a 0 = t orealroots. he cars are side by side
att o different times.

40. e take the direction of motionas x soa=-5.18 ms®> and euse units so
vp =55 1000 3600 =15.28 ms.
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a he velocity is constant during the reaction time 7 so the distance traveled during
itis
d,=wT— 1528ms 0.75s =11.46 m.

euse .216 ithv=0 to find the distance d, traveled during braking

2
v =V +2ad, = d,=- _1528ms °
2(-5.18ms?)
hich yields d, = 22.53 m. hus the total distance is d, d, = 34.0 m  hich means
that the driver is able to stop in time. nd if the driver ere to continue at vy the car
ould enter the intersection in t = 40 m 1528 ms = 2.6 s hich is barely
enough time to enter the intersection before the light turns  hich many people ould
consider an acceptable situation.

b nthis case the total distance to stop found in part a to be 34 m is greater than
the distance to the intersection so the driver cannot stop ithout the front end of the
car being a couple of meters into the intersection. nd the time to reach it at constant
speed is 32 15.28 = 2.1 s hich is too long the light turns in 1.8 s . he driver is
caught bet een arock and a hard place.

41. he displacement Ax) for each train is the “area” in the graph (since the
displacement is the integral of the velocity .  ach area is triangular and the area of
a triangle is 1 2 base height . hus the absolute value of the displacement for
onetrain 12 40ms 5s =100 m and that of the other trainis 12 30ms 4s =
60 m. The initial “gap” between the trains was 200 m, and according to our
displacement computations the gap has narro ed by 160 m. hus the ans er is
200 — 160 =40 m.

42. a ote that 110 km h is e uivalent to 30.56 m's. uring at o second interval
you travel 61.11 m. he decelerating police car travels using .2 15 51.11 m. n
light of the fact that the initial “gap” between cars was 25 m, this means the gap has
narro ed by 10.0 m —that is to a distance of 15.0 m bet een cars.

b irst e add 0.4 s to the considerations of part a. uring a 2.4 s interval you
travel 73.33 m. he decelerating police car travels using .2 15 58.93 m during
that time. he initial distance bet een cars of 25 m has therefore narro ed by 14.4 m.

hus at the start of your braking call it 7, the gap bet een the cars is 10.6 m. he
speed of the police car at # is 30.56 — 5 2.4 = 18.56 ms. ollision occurs at time ¢

hen xyou = Xpolice € Choose coordinates such that your position is x = 0 and the

police car’s position is x = 10.6 mats . .2 15 becomes for each car
Xpolice ~ 10.6 = 18.56 1 —10 — 5 5 1 1o 2
Xyou=3056 110 —3 5 1157

ubtracting e uations e find

10.6= 30.56-18.56 r—-# = 0.883s=1¢—1.
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t that time your speed is 30.56 a ¢ -1 =30.56-50.883 ~26ms or94kmh .

43. n this solution e elect to ait until the last step to convert to  units. onstant
acceleration is indicated so use of able 2 1 is permitted. estart ith .2 17 and
denote the train’s initial velocity as v, and the locomotive’s velocity as v, hich is
also the final velocity of the train if the rear end collision is barely avoided . e note
that the distance Ax consists of the original gap bet een them D as ell as the
for ard distance traveled during this time by the locomotivev,z. herefore

v,+v, A D+vit D
4 —t=—= =—+v,.
2 t t t

eno use .2 11 to eliminate time from the e uation. hus

v, +v, D
= +v,
2 (v,—v,) a
hich leads to
e (vt +v, _w) (v[ -, ) _ _i(w _V;)Z-
2 D 2D
ence
2
a= —;(29k—m—161k—m) —_12888 km h?
2 0.676 km h h
hich e convertas follo s
2
a=(-12888 km h?) (1000 mj ( Ln ) —-0994m §
1km 3600 s

so that its magnitude is a = 0.994 ms®.  graph is
sho n here for the case here a collision is ust %
avoided x along the vertical a is is in meters and ¢ ]
along the hori ontal a is is in seconds. he top 800
straight line sho s the motion of the locomotive ]
and the bottom curve sho s the motion of the ]
passenger train. 400

600 1

he other case  here the collision is not uite 200';
avoided  ould be similar e cept that the slope of .,
the bottom curve ould be greater than that of the 10 20 30

top line at the point  here they meet.

44. e neglect air resistance  hich ustifies setting @ = —g = -9.8 m s* taking down
as the —y direction for the duration of the motion. e are allo ed to use able 2 1

ith Ay replacing Ax because this is constant acceleration motion. he ground level
is taken to correspond to the origin of the y a is.

a sing y=vt—1gr® ithy=0544mands=0.200s e find
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, _Yy+g’ 2 _054m+ 98ms® 0200s° 2

; =3.70ms.
t 0.200s

b he velocity at y = 0.544 m is

v =v,—gt =370ms- 9.8ms’ 0.200s =174 ms.

c sing v’ =v.—-2gy ith different values for y and v than before e solve for
the value of y corresponding to ma imum height herev=0.

2 2
y=2o o 3TMS " 4698 m.
2¢g 298ms

hus the armadillo goes 0.698 — 0.544 = 0.154 m higher.

45. THINK s the ball travels vertically up ard its motion is under the influence of
gravitational acceleration. he kinematics is one dimensional.

EXPRESS e neglect air resistance for the duration of the motion bet een
“launching” and “landing”), so a = —g = -9.8 ms® e take do n ard to be the —y
direction . e use the e uationsin able2 1 ith Ay replacing Ax because this is a
= constant motion

v=v,—gt 2-11
y—yozvol‘—%gt2 2-15
V=V —2g y—, 2-16

e set yo = 0. pon reaching the ma imum height y the speed of the ball is
momentarily ero v = 0. herefore e can relate its initial speed vy to y via the

e uation0=1v"=v? —2gy. he time it takes for the ball to reach ma imum height is
given by v=v,—gr=0 or r=v, g. herefore for the entire trip from the time it

leaves the ground until the time it returns to the ground the total flight time is
T=2t=2v, g

ANALYZE a t the highest pointv=0and v,=,2gy. ithy=50m e find
the initial speed of the ball to be

v =22y =4[29.8ms? 50m =313ms.

b sing the result from a for vy the total flight time of the ball is

Tzﬁzz 31.3mzs 6395
g 9.8ms
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c he plots of y v and a as a function of time are sho n belo . he acceleration
graph is a hori ontal lineat-9.8ms® ts=3.19s y=50m.

Y 40 a(m/s
| A

601 v
201 !
|
407 N 4 6 8 > i(s)
L 1 1 1 t

-9.8

2)

-40 1

LEARN n calculating the total flight time of the ball e could have used .2 15.
t +=7>0 the ball returns to its original position y =0 . herefore

2%

1
y=v,[-=gT*=0 = T=

2 g
46. eglect of air resistance ustifies setting a = —g=-9.8ms®>  here down is our —y
direction for the duration of the fall. his is constant acceleration motion and e

may use able2 1 ith Ay replacing Ax .

a sing .2 16 and taking the negative root since the final velocity isdo n ard
e have

v=—\"¢ —2gAy =—0-29.8ms* ~1700m =-183ms.

ts magnitude is therefore 183 m s.

b o butitis hard to make a convincing case ithout more analysis. e estimate

the mass of a raindrop to be about a gram or less so that its mass and speed from part
a  ould be less than that of a typical bullet hich is good ne s. ut the fact that
one is dealing ith many raindrops leads us to suspect that this scenario poses an
unhealthy situation. f e factor in air resistance the final speed is smaller of course
and e return to the relatively healthy situation ith hich e are familiar.

47. THINK he renchisin free fall ith an acceleration = —g = -9.8 m s°.
EXPRESS e neglect air resistance  hich ustifies setting ¢ = -g¢ = -9.8 m s°

taking down as the —y direction for the duration of the fall. his is constant
acceleration motion  hich ustifies the use of able2 1 ith Ay replacing Ax

v=v,—gt 2-11

1
y—yozvot—igt 2-15
V=V —2g y—, 2-16

ince the rench had an initial speed vo =0 kno ing its speed of impact allo s us to
apply .2 16 to calculate the height from hich it as dropped.
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ANALYZE a singv’ =v +2aAy e find the initial height to be
_vi—v? 0- -24ms’?

A -
Y 2a 2 -9.8ms?

=29.4 m.

o that it fell through a height of 29.4 m.
b olving v =vy— gt fortime e obtain a flight time of

vo—v 0- -24ms

. S =245s

=

c units are used in the graphs and the initial position is taken as the coordinate
origin. he acceleration graph is a hori ontal line at —9.8 m s2.

1 9, 3 1 2 3 2
a(m/s=)

0 1 1 1 t 0 1 1 1 t =

—10- —10-
> 1(S)
20+ —20-
________ T 9.8

B = = -30-

y v

LEARN s the rench falls ith a=—g<0 its speed increases but its velocity
becomes more negative as indicated by the second graph above.

48. e neglect air resistance  hich ustifies setting = —g = -9.8 m s* taking down
as the —y direction for the duration of the fall. his is constant acceleration motion
hich ustifies the use of able2 1 ith Ay replacing Ax .

a otingthat Ay =y —3)»o=-30m eapply .215and the uadratic formula

ppendi to compute ¢
Vo J_r\/vg —2gAy

g

1
Ayzvot—Egt2 = 1=

hich ithvy=-12mssinceitisdo n ard leads upon choosing the positive root
sothatz O to the result

,_-l2ms+y -12ms®-298ms’ —30m

5 =1.54s.
9.8ms

b nough information is no kno n that any of the e uations in able 2 1 can be
used to obtain v ho ever the one e uation that does not use our result from part a
is .216

v=qVi —2gAy =271m s
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here the positive root has been chosen in order to give speed  hich is the
magnitude of the velocity vector .

49. THINK n this problem a package is dropped from a hot air balloon hich is
ascending vertically up ard. e analy e the motion of the package under the
influence of gravity.

EXPRESS e neglect air resistance hich ustifies setting ¢ = —g = —9.8 m §?
taking down as the —y direction for the duration of the motion. his allo s us to use
able2 1 ith Ay replacing Ax

v=v,—gt 2-11

1 .
y—yozvot—zgt 2-15
VE=v-2g y—, 2-16

e place the coordinate origin on the ground and note that the initial velocity of the
package is the same as the velocity of the balloon vy = 12 m s and that its initial
coordinate is yo = 80 m. he time it takes for the package to hit the ground can be
found by solving .2 15 ithy=0.

ANALYZE a e solve O=y=y,+vt—1gs® for time using the uadratic
formula choosing the positive root to yield a positive value for ¢

wt [+ 2ar, :12ms+\j12ms ? +2(9.8m s?)(80 m) e

g 9.8ms’

b he speed of the package hen it hits the ground can be calculated using .2 11.
he result is

v=v,—gt=12ms— 9.8ms® 5447s =-41.38ms.

ts final speed is 41.38 m s.

LEARN urans ers can be readily verified by using .2 16 hich asnot used in
either a or b . hee uation leads to

v=—\V2-2g y-y, =—/12ms?-298ms’* 0-80m =-41.38ms
hich agrees ith that calculated in b .

50. he y coordinate of pple 1 obeys y — yo1 = — % g herey=0 henr=20s.
hisallo s us to solve for y,; and e find y,; = 19.6 m.

he graph for the coordinate of pple 2 hichisthro napparentlyats=10s ith
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velocity v, is
V=Y =1 t—10 - %g 1—1.02

here yoo» =yo1 =19.6 mand herey =0 hens=225s. hus e obtain v,| =9.6
m s appro imately.

51. a ith up ard chosen as the y direction e use .2 11 to find the initial
velocity of the package

v=v, at = 0=v,— 98ms® 2.0s

hich leadsto v, =19.6 ms. o euse .215

Ay=196ms 20s 3 98ms’ 20s°~20m.

We note that the “2.0 s” in this second computation refers to the time interval 2 ¢ 4
in the graph (whereas the “2.0 s” in the first computation referred to the 0 <¢ 2 time
interval sho n in the graph .

b In our computation for part (b), the time interval (“6.0 s”) refers tothe 2 <¢ 8
portion of the graph

Ay=196ms 60s 1 98ms® 6.0s°~-59m
or Ay =59m.

52. The full extent of the bolt’s fall is given by

_ 1 2
y—yo=-5gt

here y —yo =—90 m if up ard is chosen as the positive y direction . hus the time
for the full fall is found to be # =4.29's. he first 80 of its free fall distance is given
by —72=-g1*2 hichre uires time t = 3.83s.
a hus the final 20 of its fall takes r — t = 0.45 s.
b e can find that speed using v =—gt.  herefore v =38 ms appro imately.
c imilarly viuu=—gt = Vi =42ms.
53. THINK his problem involves t o ob ects a key dropped from a bridge and a
boat moving at a constant speed. e look for conditions such that the key ill fall
into the boat.
EXPRESS he speed of the boat is constant givenby v, =d¢ here dis the distance

of the boat from the bridge hen the key is dropped 12 m and ¢ is the time the key
takes in falling.
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o calculate + e take the time to be ero at the instant the key is dropped e
compute the time ¢+ heny=0using y=y, +vt —2gt® ith y,=45m. ncetis
kno n the speed of the boat can be readily calculated.

ANALYZE ince the initial velocity of the key is ero the coordinate of the key is

given by y,=1gr’. hus the time it takes for the key to drop into the boat is

r:\/ﬁ:\/z DM _303s.
g 9.8ms

herefore the speed of the boat is v, = i2m _ 40ms.
3.03s
. d d g
LEARN rom the general e pression v, =—= =d |= e see that
t 2y, g 2y,

v, ~1 Jy, . his agrees ith our intuition that the lo er the height from hich the
key is dropped the greater the speed of the boat in order to catch it.

54. a e neglect air resistance  hich ustifies setting @ = —g = —9.8 m's* taking
down as the —y direction for the duration of the motion. e are allo ed to use

2 15 ith Ay replacing Ax because this is constant acceleration motion. e use
primed variables e cept ¢+ ith the first stone hich has ero initial velocity and
unprimed variables ith the second stone ith initial do n ard velocity —vy so that
vo IS being used for the initial speed . units are used throughout.

A = O(t)—%gt2

&y =(w)(t-1)- g (-1

ince the problem indicates Ay’ = Ay = -43.9 m e solve the first e uation for ¢
finding # = 2.99 s and use this result to solve the second e uation for the initial speed

of the second stone
y

40

20

0+ {

T T T T T T

o -

~43.9m=(-v,)(1.995s) - %(9.8 ms*)(1.99s)’

hich leads to vo = 12.3 m s.

b he velocity of the stones are given by
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d Ay d Ay
V' — = —of y = = -V, — t—l
Yo dt g tooat e
he plot is sho n belo
v(m/s) o5 1 1.5 2 2.5 3
1 1 1 1 L L [(s)

-5 4
—10 A
—15 -
=20 A
=25 -
=30

55. THINK he free falling moist clay ball strikes the ground ith a non ero speed
and it undergoes deceleration before coming to rest.

EXPRESS uring contact ith the ground its average acceleration is given by
= % here Av is the change in its velocity during contact ith the ground and
Ar=20.0x10"° sis the duration of contact. hus e must first find the velocity of the

ball ust before it hits the ground y =0 .

aavg

ANALYZE a o to find the velocity ust before contact e take 7=0tobe hen
itis dropped. sing .2 16 ith y,=15.0m e obtain

v=—\"2-2g y—y, =—/0-298ms? 0-15m =-17.15ms

here the negative sign is chosen since the ball is traveling do n ard at the moment
of contact. onse uently the average acceleration during contact ith the ground is

A — =17.1m
Aoy =—V=0—_3s =857 ms’.

At 20.0x107s
b he fact that the result is positive indicates that this acceleration vector points
up ard.

LEARN ince Ar isverysmall itis not surprising to have a very large acceleration
to stop the motion of the ball. n later chapters e shall see that the acceleration is
directly related to the magnitude and direction of the force e erted by the ground on
the ball during the course of collision.

56. euse .216

vi=v? 2ay —y

v . tisthen straightfor ard to solve

itha=-98ms® y —y =040m andv = 3

v =3.0ms appro imately.

57. he average acceleration during contact ith the floor is aag = v2 —vi At
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here v, is its velocity ust before striking the floor v, is its velocity ust as it leaves
the floor and At is the duration of contact ith the floor 12 x 107°s .

a akingthe y a is to be positively up ard and placing the origin at the point here
the ball is dropped e first find the velocity ust before striking the floor using

v =v.—2gy. ithwy=0andy=-4.00m the resultis

v = —J2gy =—/-29.8ms’® —400m =-885ms

here the negative root is chosen because the ball is traveling do n ard. o find the
velocity ust after hitting the floor as it ascends ithout air friction to a height of 2.00

m euse vVV=vi-2g y—y, ithv=0 y=-200m itendsupt o meters
below its initial drop height and yp =—4.00 m. herefore

v2=«/2gy—y0 =\/2 9.8ms* —2.00m+400m =6.26ms.

onse uently the average acceleration is

a _v,—v,  626ms— —-885ms

» - =1.26 x10° ms’.
At 12.0x10"s

b he positive nature of the result indicates that the acceleration vector points
up ard. n a later chapter this ill be directly related to the magnitude and direction
of the force e erted by the ground on the ball during the collision.

58. e choose down as the y direction and set the coordinate origin at the point

here it as dropped hich is hen e start the clock. e denote the 1.00 s
duration mentioned in the problem as 7 — ¢ here ¢ is the value of time hen it lands
and ¢'"is one second prior to that. he corresponding distance is y —y'=0.50~# here y
denotes the location of the ground. n these terms y is the same as # so e have 72—y’
=0.50/ or 0.50h = y".

a efind/andzfrom .215 ithyy=0

1 2y
y==gt” =t ol
2 g
1 2
y= —gt2 = = —y.
2 g

lugging iny =k and y'=0.50% and dividing theset o0 e uations e obtain

t 2h g o

etting#’'=¢7—1.00  units understood and cross multiplying e find
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100

t —100=¢+/050 = =———F——
1-+/050

hich yields 7 = 3.41 s.
b lugging this resultinto y=21gr* efind 2 =57 m.

(¢) In our approach, we did not use the quadratic formula, but we did “choose a root”

hen e assumed in the last calculation in part a that +050 = 0.707 instead
of -0.707. f e had instead let ~050 = -0.707 then our ans er for # ould have
been roughly 0.6 s hich ould imply that 7/ =7—1 ould e ual a negative number
indicating a time before it as dropped hich certainly does not fit ith the
physical situation described in the problem.

59. e neglect air resistance  hich ustifies setting = —g = -9.8 m s® taking down
as the —y direction for the duration of the motion. e are allo ed to use able 2 1

ith Ay replacing Ax because this is constant acceleration motion. he ground level
is taken to correspond to the origin of the y a is.

a hetime drop 1 leaves the no le is taken as ¢ = 0 and its time of landing on the
floor #; can be computed from .2 15 ithwy=0and y; =-2.00 m.

1, 2y [2200m
yl 2gl 1 \/g \/ 98m82

t that moment the fourth drop begins to fall and from the regularity of the dripping

e conclude that drop 2 leaves the no le at 7 = 0.639 3 = 0.213 s and drop 3 leaves
theno leats=20213s =0426s. herefore the time in free fall up to the
moment drop 1 lands for drop 2 is #, = #, — 0.213 s = 0.426 s. ts position at the
moment drop 1 strikes the floor is

v, :—%gtj =—% 9.8ms* 0.426s>=-0.889 m

or about 89 cm belo theno le.

b he time in free fall up to the moment drop 1 lands for drop 3 is #3 = #; —0.426 s
=0.213s. ts position at the moment drop 1 strikes the floor is

Yy = —%gt; = —% 9.8ms® 0.213s *=-0.222m

or about 22 cm belo theno le.

60. To find the “launch” velocity of the rock, we apply . 2 11 to the ma imum
height  here the speed is momentarily ero
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v=y,—gt = 0=y, - (9.8m52)(2.58)

so that vo =245 ms ith yup. o euse . 215 to find the height of the
to er taking yo =0 at the ground level

y—yozvot+%at2 = y—O:(24.5ms)(1.5s)—%(9.8m52)(1.55)2.

hus e obtain y =26 m.

61. e choose down as the y direction and place the coordinate origin at the top of
the building  hich has height /. uring its fall the ball passes ith velocity v; the
top of the indo hich is at y; at time # and passes the bottom  hich is at y, at
times,. earetoldy,—y1=1.20mandz#—#=0.125s. sing .215 ehave

1 2
Yo = = Vl(tz - 11) + Eg(tz - tl)
hich immediately yields

120 m - 4(9.8ms*)(0.1255)’

v, = =8.99 ms.
0.125s
rom this .2 16 ith vy =0 reveals the value of y;
8.99ms ?
Vvi=2 = =—— "~ =412 m.
1T N 98me

t reaches the ground y; = H at #3. ecause of the symmetry e pressed in the
problem (“upward flight is a reverse of the fall””) we know that #3 — , = 2.00 2 = 1.00
s. ndthismeans#—#=1.00s 0.125s=1.125s. © . 2 15 produces

1 2
Ys=h=v -1 +Eg Iy — 14

y,—412m=899ms 1.125s +% 9.8ms® 1.125s?

hich yields y; = H=20.4 m.

62. he height reached by the player is y =0.76 m  here e have taken the origin of
the y a is at the floor and ytobeup ard.

a he initial velocity vy of the player is

vy =+[2gy =4/29.8ms* 0.76m =386ms.

his is a conse uence of .2 16 here velocity v vanishes. s the player reaches y;
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=0.76 m—0.15m =0.61 m his speed v, satisfies vZ —v> =2gy,  hich yields

v =2 —2g, =+ 386ms?-29.80ms* 0.6lm =171ms.

he time # that the player spends ascending in the top Ay; = 0.15 m of the ump can
no befound from .2 17

2(0.15m)

——~ =0.175s
1.71ms+0

Ay, = (v1 + v)t1 = =

N |-

hich means that the total time spent in that top 15 cm both ascending and
descending is2 0.175s =0.355 =350 ms.

b hetime# hen the player reaches a height of 0.15 m is found from .2 15
— _ 1 5 _ . 1 2 2
0.15 m=vy, > gt,=3.86ms ¢, > 9.8ms* £

hich yields using the uadratic formula taking the smaller of the t o positive roots
t, = 0.041 s =41 ms hich implies that the total time spent in that bottom 15 cm
both ascending and descending is 2 41 ms =82 ms.

63. he time ¢ the pot spends passing in front of the indo of length L = 2.0 m is
0.25 s each ay. e use v for its velocity as it passes the top of the indo going

up. hen itha=-g=-98ms? taking down to be the —y direction . 218
yields
1, L 1
L=vt—=gt* = =———gt
s T8

he distance H the pot goes above the top of the indo is therefore using .2 16
ith the final velocity being ero to indicate the highest point

2
2 (L t—ot 2 (2.00m 0.25s— 9.80ms? 0.255s 2
2g 2g 29.80ms

64. he graph sho sy =25 m to be the highest point  here the speed momentarily
vanishes). The neglect of “air friction” (or whatever passes for that on the distant
planet is certainly reasonable due to the symmetry of the graph.

a o find the acceleration due to gravity g, on that planet euse .215 ith y
up

y—yozvt+%gpt2 = 25m—0=(0)(2.55)+%gp(2.55)2

so that g, = 8.0 m s°.

b hatsame ma point on the graph can be used to find the initial velocity.
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y—yozé(vo+v)t = 25m-0== (v,+0)(25s)

N |~

herefore vo =20 m s.

65. he key idea here is that the speed of the head and the torso as ell at any given
time can be calculated by finding the area on the graph of the head’s acceleration
versus time assho nin .2 26

area bet een the acceleration curve
Vv = ) )
v and the time a is from ¢, 0 ¢,

a rom ig.2.15a e see that the head begins to accelerate from rest vo=0 at 7 =
110 ms and reaches a ma imum value of 90 ms? at #; = 160 ms. he area of this
region is

area :% 160-110 xlO’as-(QO m sz) =225ms

hich is e ual to v; the speed at 7.

b o compute the speed of the torso at #1,=160 ms e divide the area into 4 regions
rom O to 40 ms region has ero area. rom 40 ms to 100 ms region has the
shape of a triangle ith area

area =% 0.0600s 50.0ms®* =1.50ms.
rom 100 to 120 ms region has the shape of a rectangle ith area

area = 0.0200s 50.0ms? =1.00ms.

rom 110 to 160 ms region has the shape of a trape oid ith area
area = % 0.0400s 50.0 + 20.0 ms®’= 1.40ms.

ubstituting these values into .2 26 ith vo= 0 then gives

v,—0=0+150ms 100ms 140ms=390ms
or vy=390ms.

66. he key idea here is that the position of an ob ect at any given time can be
calculated by finding the area on the graph of the ob ect’s velocity versus time as
sho nin .230

area bet een the velocity curve
X, = . . .
e and the time a is from¢, 10 ¢,

a 0 compute the position of the fist at 7 = 50 ms e divide the area in ig. 2 37
intot oregions. rom0to 10 ms region has the shape of a triangle ith area
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area = = 0.010s 2ms =0.01m.

N~

rom 10 to 50 ms region has the shape of a trape oid ith area

area :%0.0405 2 4 ms=0.12m.

ubstituting these valuesinto .2 30 ith xo =0 then gives

x—-0=0+001lm 0.12m=0.13m
or x,=0.13m.

b he speed of the fist reaches a ma imum at #; = 120 ms. rom 50 to 90 ms region
C has the shape of a trape oid ith area

area =%0.0405 4 5 ms=0.18m.

rom 90 to 120 ms region has the shape of a trape oid ith area

area = — 0.030s 5 7.5 ms=0.19m.

N |-

ubstituting these valuesinto .2 30 ith xo =0 then gives

x—0=0+001m 012m 018m 0.19m=0.50m
or x,=0.50 m.

67. he problemissolved using .2 31

area bet een the acceleration curve
v - = . .
o and the time a is from¢, 0 ¢,

0 compute the speed of the unhelmeted bare head at ,= 7.0 ms e divide the area
under the a vs. 7 graph into 4 regions rom 0 to 2 ms region has the shape of a
triangle ith area

area = % 0.0020s 120ms? =0.12ms.

rom 2 ms to 4 ms region has the shape of a trape oid ith area

area = % 0.0020s 120 140 ms®> =0.26 ms.
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rom 4 to 6 ms region has the shape of a trape oid ith area

area = % 0.0020s 140 200 ms?=0.34ms.

rom 6 to 7 ms region has the shape of a triangle ith area

area :% 0.0010s 200ms? =0.10ms.

ubstituting these valuesinto .2 31 ith v=0 then gives

=012ms+0.26 ms+0.34 ms+0.10ms=0.82ms.

vunhelmeted

arrying out similar calculations for the helmeted head e have the follo ing
results rom O0to 3 ms region has the shape of a triangle ith area

area = % 0.0030s 40ms?* =0.060 ms.

rom 3 ms to 4 ms region has the shape of a rectangle ith area

area = 0.0010s 40ms?* =0.040ms.

rom 4 to 6 ms region has the shape of a trape oid ith area

area = % 0.0020s 40 80 ms*=0.12ms.

rom 6 to 7 ms region has the shape of a triangle ith area

area =% 0.0010s 80 ms? =0.040ms.

ubstituting these valuesinto .2 31 ith vo= 0 then gives

Vieimeted = 0-060 M $+0.040 ms+0.12 ms+0.040 ms=0.26 m s.

hus the difference in the speed is

AV =V peimeted — Vielmeted = 0-82 M s—0.26 ms=0.56 m s.

68. his problem can be solved by noting that velocity can be determined by the
graphical integration of acceleration versus time. he speed of the tongue of the
salamander is simply e ual to the area under the acceleration curve

v=area=1 10%s 100 m s? +% 10%s 100 m s +400 m s? +% 102s 400m s?

=5.0ms.
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69. ince v=dx dt .24 then Ax=]vdr hich corresponds to the area
under the v vs 7 graph. ividing the total area 4 into rectangular base x height and
triangular (4 base x height) areas e have

A =4

%28+88+(24+%24)+44

+ A + A + A

0<t<2 2<t<10 10<s<12 12<1<16

ith  units understood. nthis ay e obtain Ax =100 m.

70. o solve this problem e note that velocity is e ual to the time derivative of a

position function as ell as the time integral of an acceleration function ith the

integration constant being the initial velocity. hus the velocity of particle 1 can be
ritten as

_dy _d

v =L == (6,007 +3.00 +2.00) =12.07 +3.00.
dt  drt

imilarly the velocity of particle 2 is
v, = vy + | @yt =20.0+ [ ~8.00¢ dr =20.0-4.00¢".

he condition that v, =v, implies

12.0¢+3.00=20.0—-4.00° = 4.00¢*+12.0-17.0=0
hich can be solved to give taking positive root ¢= —3++/26 2=1.05s. hus

the velocity at this time is v, =v, =12.01.05 +3.00=15.6 ms.

71. a he derivative ith respect to time of the given e pression for x yields the
“velocity” of the spot:

ith 3 significant figures understood. tiseasytoseethatv=0 hens=2.00s.

b tr=2sx=92 - 2%=12. hus the location of the spot hen v =0 is 12.0
cm from left edge of screen.

c he derivative of the velocity is a = — gt hich gives an acceleration of

—9.00 cm m? negative sign indicating left ard  hen the spot is 12 cm from the
left edge of screen.

d incev O fortimes lessthanz=2s then the spot had been moving right ard.
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e simplied by our ans erto part ¢ it moves left ard for times immediately after
t=2s. nfact the e pression found in part a guarantees that forallz 2 v 0
(that is, until the clock is “reset” by reaching an edge).

f s the discussion in part e sho s the edge that it reaches at some ¢ 2 s cannot
be the right edge it is the left edge x = 0. olving the e pression given in the
problem statement ith x = O for positive ¢ yields the ans er the spot reaches the
left edge at = /12 s~ 3.46 s.

72. e adopt the convention fre uently used in the te t that up is the positive y
direction.

a tthe highest point in the tra ectory v=0. hus ith#=1.60s thee uation
v =y — gt yields vo = 15.7m s.

b nee uation that is not dependent on our result from part a isy—yo = vt %gtz

this readily gives yma —yo = 12.5 m for the highest ma  point measured relative to
here it started the top of the building .

C 0 euseourresult from part a and plug into y — yo = vot %gtz ith = 6.00
sand y=0 the ground level . hus e have

0-yo= 1568ms 6.00s — 1 9.8ms® 6.00s >

herefore yo the height of the building ise ual to 82.3 m.

73. e denote the re uired time as ¢ assuming the light turns green hen the clock
reads ero. Yy thistime the distances traveled by the t o vehicles must be the same.

a enoting the acceleration of the automobile as @ and the constant speed of the
truck as v then

Ax = (% atzj = (VI)truck

hich leads to

2(95ms
2.2ms
herefore

Ax=vt=(9.5ms)(8.65)=82m.
b he speed of the car at that moment is

car

Ve =at=(2.2ms*)(8.6s)=19 ms.

74. f the plane ith velocity v maintains its present course and if the terrain
continues its up ard slope of 4.3 then the plane ill strike the ground after traveling
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h 35m

=——= =4655m~0.465 km.
tand tan4.3°

his corresponds to a time of flight found from . 22 ith v = vy since it is
constant
g2 A% _0485KM 0358 h~13s
v 1300km h

his then estimates the time available to the pilot to make his correction.

75. e denote ¢, as the reaction time and ¢, as the braking time. he motion during ¢,
is of the constant velocity call it vo type. hen the position of the car is given by

1 2
X =V, + v, + Eatb

here vy is the initial velocity and a is the acceleration  hich e e pect to be

negative valued since e are taking the velocity in the positive direction and e kno
the car is decelerating . Affer the brakes are applied the velocity of the car is given by
v =1y aty Singthise uation ithv =0 e eliminate 7, from the first e uation
and obtain

2 2 2

X=wl, — A +1v—°=votr _lV_o .
a 2a 2a

e rite this e uation for each of the initial velocities

olving these e uations simultaneously for 7. and a e get

2 2
_ VoaX1 — Vo X
(o=t 0T
VorVoz (Voz - V01)
and
2 2
a=_ 1 Vo2Vo1 ~ Vo1Vor
2 VX = VX,

a ubstituting x; =56.7m vo; =80.5kmh=224ms x, =24.4 mand vy, = 48.3
kmh=134ms efind

L Ve VeX, _ 134 ms®56.7m -224ms”®244m
" VoVos Voo —Vor 224 ms 13.4ms 13.4 ms-224 ms
=0.74 s.

b imilarly substituting x; = 56.7 m vy =80.5kmh=224ms x; =244 m and
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voz =48.3 km h =13.4 m s gives

2 VoX; — Vo X, "2 134ms 567m - 224ms 244m

he magnitude of the deceleration is therefore 6.2 m s%.  Ithough rounded off values
are displayed in the above substitutions hat e have input into our calculators are

the “exact” values (such as vy, =% ms.

76. a  constant velocity is e ual to the ratio of displacement to elapsed time. hus
for the vehicle to be traveling at a constant speed v, over a distance D, the time

delay should be 7=D,, v,.

b he time re uired for the car to accelerate from rest to a cruising speed v, is
fy=v, a. uring this time interval the distance traveled is Ax,=ar; 2=V 2a.
he car then moves at a constant speed v, over a distance D, —Ax,—d to reach

intersection 2 and the time elapsed is 4 = D, —Ax,—d v,. hus the time delay at
intersection 2 should be set to

v, D,—MAx,—d v D,— Vv 2a —d
ttotal=tr+to+11=l,+—p+$=tr+_l’+ 12 »
a A% a v
P »
=t +1v—p+D12—_d
r 2 a v

V4
77. THINK he speed of the rod changes due to a non ero acceleration.

EXPRESS ince the problem involves constant acceleration the motion of the rod
can be readily analy ed using the e uations givenin able2 1. etake xtobeinthe
direction of motion so

v~ (60 km h) (1000 m km

=+167m s
3600s h ]

anda 0. helocation here the rod starts from rest vo =0 is taken to be xo = 0.

ANALYZE a sing .27 e find the average acceleration to be

a. _Av vy, :16.7ms—0:3.09m52.
® At t-t, 54s-0

b ssuming constant acceleration a=a,, =3.09ms* the total distance traveled
during the 5.4 s time interval is
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x:xo+v0t+%at2=0+0+% 3.09ms® 54s%=45m

c sing .2 15 thetime re uired to travel a distance of x = 250 m is

2(250 m
x=tat = 1= fﬁz (—2)=12.73s
2 a 3.1ms

LEARN he displacement of the rod as a function of time can be ritten as

Xt _1 3.09ms? 2. otethat e could have chosen .2 17 tosolve for b

xzé(v0 + V)1t =%(16.7 ms)(5.4s)=45m.

78. e take the moment of applying brakes to be # = 0. he deceleration is constant so
that able 2 1 can be used. ur primed variables suchasvy=72kmh=20ms refer

to one train moving in the x direction and located at the origin hen # = 0 and
unprimed variables refer to the other moving in the —x direction and located at xo =

950 m hent=0. e note that the acceleration vector of the unprimed train points
in the positive direction even though the train is slo ing do n its initial velocity is
vo =—144 km h =—-40 ms. ince the primed train has the lo er initial speed it should
stop sooner than the other train  ould ere it not for the collision . sing 2 16 it
should stop meaning v'=0 at

(Y —(V{))Z:O— 20ms 2

x' = - —=200m.
2a -2ms

he speed of the other train  hen it reaches that location is

v=\% + 2aAx = [(-40m's)" + 2(LOm s7)(200 m - 950 m)

=10 ms

using 2 16 again. pecifically its velocity at that moment ould be —10 m s since
it is still traveling in the —x direction hen it crashes. f the computation of v had
failed meaning that a negative number ould have been inside the s uare root then
e ould have looked at the possibility that there as no collision and e amined ho
far apart they finally ere. concern that can be brought up is hether the primed
train collides before it comes to rest this can be studied by computing the time it
stops .2 1lyields#=20s and seeing here the unprimed train is at that moment
.2 18 yields x = 350 m still a good distance a ay from contact .

79. he y coordinate of iton 1 obeys y — yo; = — % g herey=0 henr=30s.

his allo s us to solve for y,; and e find yo; =44.1 m. he graph for the coordinate
of iton2 hichisthro napparentlyatz=1.0s ithvelocity v, is

forum.konkur.in



www.konkur.in

65
_ 1 2
y=yoo=wt-10 - 5g 1-10

here yoo = yp1 10 =541 mand here again y=0 hens=30s. hus e
obtain v;| =17 ms appro imately.

80. etake x inthe direction of motion. e use subscripts 1 and 2 for the data. hus
vi= 30ms v,= 50ms and x, —x; = 160 m.

a sing these subscripts .2 16 leads to

v, —v  50ms?— 30ms?

=5.0 z,
2(x, %) 2(160 m) me

a=

b e find the time interval corresponding to the displacement x, —x; using .2 17

. =2(x2—x1): 2(160m) 405
2%y +v, 30ms+50ms

¢ incethetrainisatrest vo=0 hen the clock starts e find the value of # from
.2 11
30ms

50m s’

V=V, tat, = 4= =6.0s

d he coordinate origin is taken to be the location at hich the train as initially at
rest soxo=0. hus e are asked to find the value of x;. Ithough any of several
e uations could be used e choose .2 17

5= (v + 1)t =2 (30ms)(6.05) =80 m.

e hegraphs are sho n belo ith  units understood.

50

200

81. THINK he particle undergoes a non-constant acceleration along the x a is. n
integration is re uired to calculate velocity.

EXPRESS ith a non constant acceleration at¢ =dv dr the velocity of the
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particle at time 7 isgivenby .227 v, =y, +Ir1a t dt  here vy is the velocity at
)

time 7. n our situation e have a=5.0~. n addition e also kno that
v, =17ms at 7, =2.0s.

ANALYZE ntegrating from 7 = 2 s to variable # = 4 s the acceleration to get the
velocity and using the values given in the problem leads to

V=v0+ft;adt=v0+j; 5.0¢ dt=v0+% 5.0 #—#2 =17 % 5.0 42-22 =47 ms.

LEARN he velocity of the particle as a function of 7 is

vt :v0+% 50 2—1 =17+% 50 -4 =7+25¢

in  units ms. ince the acceleration is linear in # e e pect the velocity to be
uadratic in ¢ and the displacement to be cubic in ¢

82. he velocity v at t = 6 units and t o significant figures understood is

N

6
Vyiven +Ladt. uick ay to implement this is to recall the area of a triangle

base height. heresultisv=7ms 32ms=39ms.

83. heobect once it is dropped vo =0 isin free fall a =—-g=-9.8ms”if e take
down as the —y direction and euse .2 15 repeatedly.

a he positive distance D from the lo er dot to the mark corresponding to a
certain reaction time ¢ is given by Ay=-D=-1g or D = gf2. hus
forz, =50.0 ms

(98m §%)(50.0x10°%s)’

D, = > =0.0123m=1.23cm.

(9.8ms?) (100x107°s)’

b orz,=100ms D, = 5 =0.049m=4D,.
(9.8m s?) (150x10°s)’

c or=150ms D,= > =0.11m=9D..
(9.8ms?) (200><10‘33)2

d or#%=200ms D,= 5 =0.196m=16D,.
(98m ) (250x10°%s)’

e or#t=250ms D, = =0.306 m=25D,.

2
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84. e take the direction of motion as x take xo = 0 and use units so v =
1600 1000 3600 =444 m s.

a uation2 11 gives444 =4 1.8 ora=247 ms>. ee press this as a multiple of
g by setting up a ratio
L ( 247 m s?

9.8ms’ ] §=2g

b uation 2 17 readily yields
1 1
x= E(vO + V)t =§(444 ms)(1.85) =400 m.

85. et D be the distance up the hill. hen

total distance traveled 2D
total time of travel — D D
20kmh  35kmh

average speed = ~25kmh.

86. e obtain the velocity by integration of the acceleration

t
v=v, = 6.1-1.2" dr'"

engths are in meters and times are in seconds. he student is encouraged to look at
the discussion in ection 2 7 to better understand the manipulations here.

a he result of the above calculation is v =v,+6.1¢7—0.6¢° here the problem

states that vo = 2.7 m's. he ma imum of this function is found by kno ing hen its
derivative the acceleration is ero a=0 hens=6.112=5.1s and plugging that
value of ¢ into the velocity e uation above. hus efind v=18ms.

b e integrate again to find x as a function of ¢

x=xg = [ val' = [ v, +6.1~0.617 di'=vy+3.051 027",

ithxp=7.3m e obtainx =83 mforz7=6. hisisthe correct ans er but one has
the right to  orry that it might not be after all the problem asks for the total distance
traveled and x — xo is ust the displacement . f the cyclist backtracked then his total
distance ould be greater than his displacement. hus e might ask did he
backtrack o do so ould re uire that his velocity be momentarily ero at some
point as he reversed his direction of motion . e could solve the above uadratic
e uation for velocity for a positive value of ¢+ here v=0 if edid e ould find
that at 7 = 10.6 s a reversal does indeed happen. o ever in the time interval e are
concerned ith in our problem (0 < 7 < 6 s), there is no reversal and the displacement
is the same as the total distance traveled.

87. THINK In this problem we’re given two different speeds, and asked to find the
difference in their travel times.
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EXPRESS he time is takes to travel a distance 4 ith a speed vy is #,=d v,.
imilarly  ith a speed v, the time ould be #,=d v,. he t o speeds in this

problem are
1609 m mi

v, =55mih=5mh——=2458ms
36005 h
v, =65mih= 65mih 2O MM _ 59 05 ms
3600s h
ANALYZE ith d =700 km=7.0x10° m the time difference bet eenthet o is
At=t, —t,=d 1.1 7.0x10° m ! - ! =4383s
Vi VY, 2458ms 29.05ms

=73 min
or about 1.2 h.

LEARN he travel time as reduced from 7.9 h to 6.9 h. riving at higher speed
ithin the legal limit reduces travel time.

88. he acceleration is constant and e may use the e uations in able 2 1.

a aking the first point as coordinate origin and time to be ero hen the car is there
eapply .217

x% (v+v0)t=% (15.0m's +v,) (6.00s).

ithx =60.0 m hich takes the direction of motion as the x direction e solve for
the initial velocity vy =5.00 ms.

b ubstitutingv=150ms v =500ms andsr=6.00sintoa= v—v, ¢+ .211
efinda=1.67ms?

C ubstitutingv=0in v* =1} +2ax and solving forx e obtain

2 2
Yo_ _ 500ms” _750m

24 2(167ms?)

or x =7.50m.

d he graphs re uire computing the time henv=0 in hichcase eusev=yy
at'=0. hus
t':__"O:Lomz‘c’: —3.0s
a 167ms

indicates the moment the car as at rest.  units are understood.
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60 -
40

20

=20

89. THINK n this problem e e plore the connection bet een the ma imum height
an ob ect reaches under the influence of gravity and the total amount of time it stays
in air.

EXPRESS eglecting air resistance and setting « = —g = —9.8 m s* taking down as
the —y direction for the duration of the motion e analy e the motion of the ball

using able 21 ith Ay replacing Ax . e sety,=0. pon reaching the ma imum
height H the speed of the ball is momentarily ero v=0. herefore e can relate its
initial speed vo to H via the e uation

0=V*=1v} —2gH = v,=./2gH .

he time it takes for the ball to reach ma imum height is given by v=v,—gr=0 or
t=v, g=+2H g.

ANALYZE f e ant the ball to spend t ice as much time in air as before i.e.
t'=2¢ thenthe ne ma imum height A’ it must reach is such that t’=./2H’ g.
olving for H' e obtain

' 1 12 1 2 1 2
H=Zg?=Zg 224 =g |=4H .
28 T8 (2g j

LEARN ince H ~¢* doubling  means that /7 must increase fourfold. ote also
that for #'=2¢ the initial speed must be t ice the original speed v, =2v,.

90. a sing the fact that the area of a triangle is £ base height and the fact that
the integral corresponds to the area under the curve e find from ¢ =0 through z=5

s the integral of v ith respect to 7 is 15 m. ince e are told that xo = O then e
conclude thatx =15m hens=5.0s.
b e seedirectly from the graph thatv=2.0ms hen¢s=5.0s.

C ince a = dvdt = slope of the graph e find that the acceleration during the
interval 4 ¢ 6 isuniformly e ual to —2.0 m s°.

d hinking of x # in terms of accumulated area on the graph  enotethatx 1 =1
m using this and the value found in part a . 2 2 produces
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" x5 -x1 15m-1Im
& 5-1 4s

=3.5ms.

e rom .2 7andthevaluesv¢ e read directly from the graph e find

~v5 —-vl 2ms-2ms

ay, 0.
¢ 5-1 4s

91. aking the y direction downward and yo = 0 e have y=vit+igt® hich
ithvy=0 yields 1=,2y g.

a or this part of the motion y; =50 mso that 7 =

b or this ne t part of the motion e note that the total displacement is y, = 100 m.

herefore the total time is
. — [2100m M _455s
9.8ms

he difference bet een this and the ans er to part a is the time re uired to fall
through that second 50 m distance Ar=tz,—-t, =45s-3.25s=13s.

92. irection of x is implicit in the problem statement. he initial position  hen the
clock starts isxo =0 herevo =0 the end of the speeding up motion occurs at x; =
1100 2 =550 m and the sub ay train comesto a halt v, =0 atx, = 1100 m.

a sing .2 15 thesub ay train reaches x; at

2(550 m
a 12ms
he time interval #, — # turns out to be the same value most easily seen using
2 18 so the total time is », =2 30.3 =60.6s.

b tsma imum speed occursat 7 and e uals v, =v, + a;1, =363 m s.

¢ he graphs are sho n belo

x (m) v (m/s) a (m/s?)
1200
35 1.5
30 1 —l
800 25

1000

0.5 |
600 20 ]

s o0 3 @ S0 e ()
400 ib =0.5 I

200 s -1 I—

4 = t(s) -1.5]
10 20 30 40 50 60
T R T - A O) * 0
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93. e neglect air resistance  hich ustifies setting = —g = -9.8 m s* taking down
as the —y direction) for the duration of the stone’s motion. We are allowed to use Table
2 1 ith Ax replaced by y because the ball has constant acceleration motion and e
choose y; =0 .

a eapply .2 16toboth measurements ith  units understood.

2
v§=v§—2gyg = (%vj +2g(yA+3)=v§

Vi=vi-2gy, = VvV +2gy, =V}
ee uatethet oe pressions thateach e ual v; and obtain

%v2+2gyA+2g(3)=v2+2gyA = 2g(3)=§v2

hich yields v=./2g(4) =885m s.

b nobect moving up ard at 4 ith speed v = 8.85 ms ill reach a ma imum
height y — y, = v* 2¢ = 4.00 m above point 4 this is again a conse uence of .2 16
now with the “final” velocity set to zero to indicate the highest point). hus the top of
its motion is 1.00 m above point B.

94. e neglect air resistance  hich ustifies setting « = —g = -9.8 m s* taking down
as the —y direction for the duration of the motion. e are allo ed to use able 2 1

ith Ay replacing Ax because this is constant acceleration motion. he ground level
is taken to correspond to the origin of the y a is. he total time of fall can be
computed from .2 15 using the uadratic formula .

Ve + Ve — 2gAy

4

1
Ay=wf =2 gt = 1=

ith the positive root chosen. ithy=0 v =0 andyp=/2=60m e obtain

J2ah
f= V28T /%:3.55.
g

g

Thus, “1.2 s earlier” means we are examining where the rock is at # = 2.3 s
1 2
y—h=v, 23s —Eg 23s° = y=34m

here e again use the fact that # = 60 m and v, = 0.

95. THINK his problem involves analy ing a plot describing the position of an
iceboat as function of time. he boat has a non ero acceleration due to the ind.
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EXPRESS ince e are told that the acceleration of the boat is constant the
e uations of able 2 1 can be applied. o ever the challenge here is that vo v and a
are not e plicitly given. ur strategy to deduce these values is to apply the kinematic

e uation x—x, =vt+%ar® to a variety of points on the graph and solve for the
unkno ns from the simultaneous e uations.

ANALYZE a rom the graph e pick t o points on the curve
t x =20s16m and 3.0s27m . he corresponding simultaneous e uations

are

16m-0=v52.0s a?20s?

a3.0s?

NI NI

2Tm-0=v93.0s

olving the e uations lead to the values vo = 6.0 m s and a = 2.0 m s°.

b rom able21

1 1
X —Xo=Vi— zatz = 27m-0=v30s -5 20ms? 3.0s?
hich leadstov=12 m s.

c ssuming the ind continues during 3.0 <7< 6.0, we apply x — xo = vot %at2 to
this interval  here vo =12.0 m s from part b to obtain

Ax= 12.0ms 3.0s % 20ms? 3.0s%=45m.

LEARN vy using the results obtained in a the position and velocity of the iceboat
as a function of time can be ritten as

Xt = 6.0mst+% 20ms® ¢ and v = 6.0ms + 20ms? ¢

ne can readily verify that the same ans ers are obtained for b and c using the
above e pressionsforx ¢ andv ¢ .

96. a et the height of the diving board be 4. e choose down as the y direction
and set the coordinate origin at the point here it as dropped hichis hen e
start the clock . hus y = 4 designates the location here the ball strikes the ater.

et the depth of the lake be D and the total time for the ball to descend be 7. he
speed of the ball as it reaches the surface of the lake is then v =,/2gh from
2 16 and the time for the ball to fall from the board to the lake surface is # =
J2h g from .215. o the time it spends descending in the lake at constant
velocity v is

D D

t, = — = ——

v \2gh '
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hus T=#t = I& D hich gives
g 2gh

D=T[2¢h - 2h = (4.805),(2)(9.80m 5°) (5.20 m) ~2(5.20 m)=38.1m .

b sing .2 2 the magnitude of the average velocity is

" D+h 381m+520m

Vavg =9.02ms
T 4.80s

c n our coordinate choices a positive sign for vaq means that the ball is going
do n ard. f ho ever up ard had been chosen as the positive direction then this
ans erin b ould turn out negative valued.

d efindv from Ay=vit+igr® ithe=TandAy=h D. hus

_h+D gT _520m+381m (9.8ms?)(4.805)

" =145ms
T 2 4.80s

e ere in our coordinate choices the negative sign means that the ball is being
thro nup ard.

97. e choose down as the y direction and use the e uations of able 2 1 replacing

x ithy itha= g vw=0 andy,=0. e usesubscript 2 for the elevator reaching
the ground and 1 for the half ay point.

a uation216 v;=v; + 2a(y, — »,) leadsto

v, =\22; =[2(9.8ms) (120 m) =485 m’s .

b hetimeat hich it strikes the ground is using .2 15

2(120m
= [P |2 ):4.955.
g 9.8ms

c o .216 intheform v} =v] + 2a(y, — y,) leadsto

v =22, =298 ms® 60m =343ms.

d hetimeat hich itreaches the half ay pointis using .2 15
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= [Po [200M 350,
g 9.8ms

98. aking ytobeup ardand placing the origin at the point from hich the ob ects
are dropped then the location of diamond 1 is given by y, =—2g7* and the location

of diamond 2 is given by y, =-1g(s —1)2. e are starting the clock hen the first
ob ectis dropped. e antthe time for hichy,—y; =10 m. herefore

—%g(t—l)2+%gt2=10 — (=(10 g)+05=15s

99. ith yup ard e have yo=36.6 mand y =122 m. herefore using .2 18
the last e uationin able2 1 e find

y—y,=vt+igtt = v=-220ms

at r = 2.00 s. he term speed refers to the magnitude of the velocity vector so the
ans eris v =22.0ms.

100. uring free fall e ignore the air resistance and set a = —¢ = -9.8 ms*> here e
are choosing down to be the —y direction. he initial velocity is ero so that .2 15

becomes Ay=-21gr® here Ay represents the negative of the distance d she has
fallen. hus ecan ritethee uationas d=21gr* for simplicity.

a hetime 7 during hich the parachutist is in free fall is using .2 15 given by
a’—50m—1 2—1980 ?) ¢
=50m="grf = (980m <)

hich yields 1, =3.2's. he speed of the parachutist ust before he opens the parachute
is given by the positive root v/ =2gd, or

v, =/2gh, = /(2)(980m *)(50m)=31m s

f the final speed is v, then the time interval #, bet een the opening of the parachute
and the arrival of the parachutist at the ground level is

vi—v, 3lm s-30m s

; T 14 s.

t, =

his is a result of . 211 here speeds are used instead of the negative valued
velocities so that final velocity minus initial velocity turns out to e ual initial speed
minus final speed e also note that the acceleration vector for this part of the motion
is positive since it points up ard opposite to the direction of motion —  hich makes
it a deceleration . he total time of flight is therefore 11, £, =17s.
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b he distance through hich the parachutist falls after the parachute is opened is
given by
2 2 1 2 . 2
gn v; _(3Im s) —(30m ) oa0m
2a (2)(20m s*)

n the computation e have used .2 16 ith both sides multiplied by -1  hich
changes the negative valued Ay into the positive d on the left hand side and s itches
the order of v; and v, on the right hand side . hus the fall begins at a height of # = 50

d~290m.

101. e neglect air resistance  hich ustifies setting a = —g =-9.8 m s® taking do n
as the —y direction for the duration of the motion. e are allo ed to use able 2 1

ith Ay replacing Ax because this is constant acceleration motion. he ground level
is taken to correspond to y = 0.

a ithyo=hand v replaced ith —v .2 16 leads to

VZ\/_VO 2-2gy -y, =\/v§ + 2gh .

he positive root is taken because the problem asks for the speed the magnitude of
the velocity .

b eusethe uadratic formulatosolve .2 15fors ith voreplaced ith —vg

—Vy++ =V, 2 —2gAy

g

1
Ay = —vot—Egtz = =

here the positive root is chosen to yield # 0. ithy =0and y, =/ this becomes

,/vé + 2gh — v,

g

c fit erethro nup ard ith that speed from height % then in the absence of air
friction it ould return to height # ith that same do n ard speed and ould
therefore yield the same final speed before hitting the ground as in part a. n
important perspective related to this is treated later in the book in the conte t of
energy conservation .

d aving to travel up before it starts its descent certainly re uires more time than in
part b . he calculation is uite similar ho ever e cept for no having v in the
e uation here ehadputin—yinpart b. he details follo

VYt Ve — 2gAy

g

1
Ay = vot—Egt2 =
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ith the positive root again chosentoyield# 0. ithy=0andy,=/4 e obtain

,/vé + 2gh + v,

g
102. e assume constant velocity motion and use .22 ithwvyg=v 0.
herefore

km [1000m km

Ax =vAt =| 303 —
3600s h

- D (100x10°s)=84m.

103. ssuming the hori ontal velocity of the ball is constant the hori ontal
displacement isAx=vAr  here Ax is the hori ontal distance traveled At is the time
and v is the hori ontal velocity. onverting v to meters per second e have 160
kmh=444ms. hus

o Ax_ 184m

=——=0414s.
v 444 m s

he velocity unit conversion implemented above can be figured “from basics” (1000
m=1km 3600s=1h orfoundin ppendi

104. nthis solution e make use of the notation x ¢ for the value of x at a particular
. hus x¢ =50/ 107 ith units metersand seconds understood.

a he average velocity during the first 3 s is given by

x3 —x0 50 3+ 10 32-0
ag — = =80m s.
At 3

1%

b he instantaneous velocity at time zis given by v=dx dt =50 20z in  units. t
t=30s v=50 20 3.0 =110ms.

c he instantaneous acceleration at time ¢z is given by a = dvdr =20 msi tis
constant so the acceleration at any time is 20 m s*.

d and e he graphs that follo sho the coordinate x and velocity v as functions of
time ith  units understood. he dashed line marked a in the first graph runs from
t=0 x=0tor=3.0s x =240 m. ts slope is the average velocity during the first 3s
of motion. he dashed line marked b is tangent to the x curve at # = 3.0 s. ts slope is
the instantaneous velocity at 7 = 3.0 s.

X v
400 200
300 (b) 150
200 4 // 100
a
(a)
100 57 50
7
P
P4
0 T T T — 0 T T T — 1
1.0 2.0 3.0 4.0 1.0 20 3.0 4.0

forum.konkur.in



www.konkur.in

77

105. e take x in the direction of motion sov,= 30ms vy = 15msanda O.

he acceleration is found from .2 11 a= vi—w #n here#; =3.0s. hisgivesa
= 50 ms> he displacement hich in this situation is the same as the distance
traveled to the point it stops v, =0 is using .2 16

2
szzvg + 2aAx = Mz—%zgo m.
—-oms

106. he problem consists of t o constant acceleration parts part 1 ithvy,=0 v =
6.0ms x=18m and xop =0 if e take its original position to be the coordinate
origin and part2 ithv,=6.0ms v=0 and a, =-2.5ms* negative because e
are taking the positive direction to be the direction of motion .

a ecanuse .2 17 to find the time for the first part

1 1
X—Xo= EVO v = 1.8m—0=§O 6.0ms #

sothatz; =0.6s. nd .2 11is used to obtain the time for the second part
v=v,+at, = 0=60ms -25ms’sp
from hich#, =2.4siscomputed. hus the total timeis# #=3.0s.

b e already kno the distance for part 1. e could find the distance for part 2
from several of the e uations but the one that makes no use of our part a results is
.2 16

VvV =v2+2a,Ax, = 0=60ms? 2-25ms’Ax,

hich leads to Ax, = 7.2 m. herefore the total distance traveled by the shuffleboard
diskis 1.8 7.2 m=9.0m.

107. hetime re uired is found from .2 11 or suitably interpreted .2 7. irst
e convert the velocity change to  units

1000 m km

Av= 100 km h (
3600s h

j:27.8m S.

hus A7 =Av a=27.850=0.556s.

108. rom able2 1 v*—v2 =2aAx is used to solve for a. ts minimum value is

2 2
. - Vo —Vo _ 360 km h _ 36000 km h?
2Ax 2 180 km

ma

hich converts to 2.78 m s°.
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109. a or the automobile Av=55—-25=30km h hich econvertto units

At 050 min 60s min

b he change of velocity for the bicycle for the same time is identical to that of the
car so its acceleration is also 0.28 m s>

110. onverting to  units e have v = 3400 1000 3600 = 944 ms presumed
constant and Az =0.10s. hus Ax=vAr=94m.

111. his problem consists of t o parts part 1 ith constant acceleration so that the
e uationsin able2 1apply vw=0 v=11.0ms x=12.0m and xo = 0 adopting
the starting line as the coordinate origin and part 2 ith constant velocity so that
x—xo=vtapplies ithv=11.0ms x,=12.0 and x = 100.0 m.

a e obtain the time for part 1 from .2 17
1 1
x—xoza(v0+v) t, = 12.0—0=E(O+1ZL0)1l

sothat 1, =2.2s and e find the time for part 2 simply from 88.0 = 11.0 &, > £, =
8.0s. herefore the total timeis# £, =10.2s.

b ere the total time is re uired to be 10.0 s and e are to locate the point x, here
the runner s itches from accelerating to proceeding at constant speed. he e uations
for parts 1 and 2 used above therefore become

x,-0=1(0+11.0ms)z

P

100.0 m —x, = (11.0m5)(10.0 s—¢,)

here in the latter e uation e use the fact that #, = 10.0 — 7. olving the e uations
forthet ounkno ns e findthat# =1.8sandx,=10.0 m.

112. he bullet starts at rest vo = 0 and after traveling the length of the barrel

Ax=1.2m emerges ith the given velocity v = 640 ms  here the direction of
motion is the positive direction. urning to the constant acceleration e uations in
able21 euse Ax=%1 v,+v ¢. hus efindz=0.00375s or3.75ms .

2
113. here is no air resistance  hich makes it uite accurate to set a = —g =-9.8 m s°

here do n ard is the —y direction for the duration of the fall. e are allo ed to
use able2 1 ith Ay replacing Ax because this is constant acceleration motion in
fact hen the acceleration changes during the process of catching the ball e ill

again assume constant acceleration conditions in this case e have a, = 25g =245
2
m s~

a hetimeoffallisgivenby .215 ithvw=0andy=0. hus
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z:\/ﬂz\/m—snlzaMs.
g 9.8ms

b he final velocity for its free fall  hich becomes the initial velocity during the
catching process is found from .2 16 other e uations can be used but they ould
use the result from part a

v=—yV-2g y—y, =—+J22, =-533m s

here the negative root is chosen since thisisado n ard velocity. hus the speed is
v =53.3ms.

c or the catching process the ans erto part b plays the role of an initial velocity
vo =-53.3 m s and the final velocity must become ero. sing .2 16 efind

2 2 o 2
Ay, = v -V, _—-533m f __580m
2a, 2245ms

or Ay, =5.80m. he negative value of Ay, signifies that the distance traveled
hile arresting its motion isdo n ard.

114. uring 7, the velocity v is constant in the direction e choose as x and obeys
vo =D, T, here e notethatin units the velocity is vo = 200 1000 3600 = 55.6
ms. uring 7T} the acceleration is opposite to the direction of v, hence forus a 0
until the car is stopped v=0.

a sing .216 ithAx,=170m efind
2
v2=v§+2anb = a=- Yo
2Ax,

hich yields @ =9.08 m s°.

b ee press this as a multiple of g by setting up a ratio

(9.08m s?
a:

C euse .2 17to obtain the braking time
2(170 m)
55.6ms

Axb:%(v0+v)Tb = I, = =6.12s.

d e e press our result for 7, as a multiple of the reaction time 7, by setting up a

ratio
T, = LZ: T =153T .
400 x10° s
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e ince T, T, most of the full time re uired to stop is spent in braking.

f eareonlyasked hat the increase in distance D is due to A7, =0.100s so e
simply have
AD =y, AT, =(55.6m)(0.100s)=5.56 m .

115. he total time elapsed is Ar=2h41min=161minand the center point is
displaced by Ax=3.70m=370cm. hus the average velocity of the center point is

Ax 370cm

Vg =—— = — =2.30 cm min.
At 161 min

116. sing .2 11 v=v,+ar e findthe initial speed to be
v, =v—at=0- -3400 9.8ms* 6.5x10°s =216.6ms

117. he total number of days alked is including the first and the last day and leap
year
N =340+365+365+ 366 + 365+ 365+ 261 = 2427

hus the average speed of the alk is
d 3.06x10" m

Spg =—— = =0.146 ms.
At 2427 days 86400s day

118. a et d be the distance traveled. he average speed ithand ithout ings set
assailsare v.=d ¢, and v =d t_ respectively. hus the ratio of the t o speeds
is

v, dt t  250s

oo =3.52
. d it t Tl1s
b he difference in time e pressed in terms of v_is
ar=t —g =44 d d_,5d 55 20m 504m
v, v, v, 352 v, v, 2 v,

119. a ifferentiatingy r = 2.0cm sin z+ 4  ithrespecttos e obtain

dy

T
v t =——=|—=cms |cos xzt 4
g dt (2 j

he average velocity bet eenz=0and7=2.0sis
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Vavg :LJ.ZV d,:L(Z cm sjrcos(ﬁj dt
20s 707 20s \ 2 0 4

(2 cm)J'O” ‘cosxdx=1.0cms

2.0s

b he instantaneous velocities of the particleat 7=0 1.0s and 2.0 s are
respectively

v, 0 :(Z cmsjcoso -2 ems
’ 2 2
v, 1.0s =[% cmsjcos;r 4 =¥ cms

v, 2.0s =(% cms)cos;r 2 =0

¢ ifferentiatingv, # ith respectto ¢

e obtain the follo inge pression for
acceleration

dv. 2 i
a, t =—*= 2 oms? [sin 7t 4
dt 8

he average acceleration bet eens=0andr=2.0sis

2
Uy = 1 J'Za di=—t [T emg? J'Zsin ) e
2.0s J0 7 2.0s 8 0 4

1 T T2 . 1 T v 2
= ——cms _[ Sinxdx=——|—-—c¢cms|=——cms
2.0s 2 0 2.0s 2 4

d he instantaneous accelerations of the particleat /=0 1.0s and 2.0 s are
respectively

a 0 =|-=—cms?*|sin0 =0
2 2
T . 752
a,10s = ——cms’ sinz 4 =— cm s?
16
2 2
T . T
a, 20s =| —— cms? |sin z 2 =—2— cm§?
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1. THINK In this problem we’re given the magnitude and direction of a vector in two
dimensions and asked to calculate its x and y components.

EXPRESS he x andthe y components of a vector a lying in the xy plane are given by

a,=acos®  a,=asind

here a= a =.ja’+a’ is the magnitude and §=tan™ a, a, isthe angle bet een &

and the positive x a is. iven that #=250° e see that the vector is in the third
uadrant and ee pect both the x and the y components of a to be negative.

ANALYZE a he x component of a is

a,=acos@d= 7.3 m cos250°=-2.50 m

b and the y component is a, =asinf@= 7.3 m sin250°=-6.86 m~-6.9m. he

results are depicted in the figure belo

Y (m)
A

(¢}

250
/—\ » X (m)

"
N
RO =

RQ

N

- - Y 0,-6.86)
(=2.5, —6.86)

LEARN n considering the variety of ays to compute these e note that the vector is
70 belo the—xa is sothe components could also have been found from

a,=—7.3m cos70°=-2.50m a,=-7.3m sin70°=-6.86 m.

imilarly e note that the vector is 20 to the left from the — y a is so one could also
achieve the same results by using

a,=—7.3msin20°=-250m a,=-7.3m c0s20°=-6.86 m.

82
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s a consistency check e note that \/af+a§ -/ -250m?%+ —6.86m2=7.3m

and tan*(a, a,)=tan —6.86 m -2.50m =250° hich are indeed the values
given in the problem statement.

2. a ithr=15mand =30 thex componentof 7 is given by
re=rcosfé = 15m cos 30 =13 m.
b imilarly the y component is given by »,=»sin@ = 15m sin30 =7.5m.

3. THINK In this problem we’re given the x and y components a vector 4 in t o
dimensions and asked to calculate its magnitude and direction.

EXPRESS vector 4 can be represented in the magnitude-angle notation 4 6  here

A= [4+ L

A
f=tan™ [—yj
A.X

is the angle 4 makes ith the positive x a is. iven that 4,= —25.0 m and A4,=40.0 m
the above formulas can be readily used to calculate 4 and 6.

is the magnitude and

ANALYZE a he magnitude of the vector A is

A=A +4 =/ -25.0m?+ 40.0m * =47.2m

b ecalling thattand=tan ¢ 180 y (m)
A
-1 _ = _ (—25,40)
tan™ 40.0m 250m 58 or122 . o ==L (0:40)
| n o

oting that the vector is in the second uadrant I\ A4 A,
by the signs of its x and y components e see : ’
that 122 is the correct ans er. he results are | —\9
depicted in the figure to the right. <« » X (m)

(-25,0) 4y

LEARN e can check our ans ers by noting that the x and the y components of A can
be ritten as

A ,=Acos@ A, =Asing.
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ubstituting the results calculated above e obtain

A, = 47.2m cosl22°=-25.0m A = 47.2 m sin122°=+40.0 m

hich indeed are the values given in the problem statement.

4. he angle described by a full circle is 360 = 2r rad hich is the basis of our
conversion factor.

a 20.0°=(20.0°) 2,: (r)id ~0.349 rad .

b 50.0°=(50.0°) 2:’; (r)"id ~0.873 rad.

¢ 100° = (100°) Z;Z r2d _1 75 rad.

d 0.330rad = (0.330 rad) 360° _1g.0e.

27 ra

e 2.10rad = (2.10 rad) 360° _ 1900,
27 rad

f 7.70rad = (7.70 rad) 360° _ a0,
27 rad

5. he vector sum of the displacements ., and d,, must give the same result as its

storm

originally intended displacement d, = 120 km~ here east is i north is . hus e
rite

=101 d. =A1+B .

o
dstorm - ne

m +d., =d, readily yields 4 = —100 km and B = 120 km. he
magpnitude of d,, isthereforee ualto d,, =. 4>+ B> =156 km.

a he e uation d

b hedirection is
tant B A =-50.2 or 180 -50.2 =1298.

e choose the latter value since it indicates a vector pointing in the second uadrant
hichis hat ee pecthere. heans ercan be phrased several e uivalent ays 129.8
counterclock ise from east or 39.8  est from north or 50.2 north from est.

6. a heheightish=dsin@ hered=125mand ¢=20.0 . herefore #=4.28 m.

b he hori ontal distance is d cosd=11.7 m.
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7. a he vectors should be parallel to achieve a resultant 7 m long the unprimed case
sho n belo

b anti parallel in opposite directions to achieve a resultant 1 m long primed case
sho n

¢ and perpendicular to achieve a resultant v/3? + 4> =5m long the double primed case
sho n.

n each sketch the vectors are sho n in a “head to tail” sketch but the resultant is not
sho n. heresultant ould be a straight line dra n from beginning to end the beginning
is indicated by 4  ith or ithout primes as the case may be and the end is indicated by
B.

Ao >0 > B
AB/’
/
< o4 =
Br
"
CA »0

8. e label the displacement vectors 4 B and C and denote the result of their vector
sumas 7 . e choose east as the i direction x direction and north as the ~ direction
ydirection . |l distances are understood to be in kilometers.

a he vector diagram representing the motion issho nne t

north
O%O
B west east 121 _ 3.1 km ~
¢ i south B =-24kmi
C=-52km
Y

b he final point is represented by

F=A+B+C= —24kmn i+ —2.1km
hose magnitude is

7= (24 km)’ +(-21 km)’ ~3.2 km .

c herearet o possibilities for the angle
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—2.1 km
—2.4 km

H:tanl( j=41° or 221°.

e choose the latter possibility since 7 is in the third uadrant. t should be noted that
many graphical calculators have polar <> rectangular “shortcuts” that automatically
produce the correct ans er for angle measured counterclock ise fromthe xa is. e
may phrase the angle then as 221 counterclock ise from ast a phrasing that sounds
peculiar at best or as 41 south from est or 49  est from south. he resultant 7 is

not sho ninour sketch it ould be an arro  directed from the “tail” of A4 to the “head”
of C.

9. Il distances in this solution are understood to be in meters.

a a+b=40+ -10 i+ -30 410 +1.0+40 k= 3.01—-2.0 +5.0k m.
b a—b=40— 10 i+ -30 -10 +1.0-40k=50i-4.0 —-3.0k m.

c here uirement G—b+¢=0leads to ¢=b—a hich e note is the opposite of
hat efoundinpart b. hus ¢= —5.01 + 40" + 3.0k m.

10. hex, y and z components of 7 =¢+d are respectively
ar=c+d =7T4m+44 m=12m
b r,=c,+d,=-3.8m-2.0m=-5.8m and

C rn=c+d =—6.1m+3.3m=-2.8m.

11. THINK his problem involves the addition of t o vectors a and b. e anttofind
the magnitude and direction of the resulting vector.

EXPRESS nt odimensions avector a can be ritten as in unit vector notation

A~ A

a=ai+ a, .
imilarly a second vector b can be e pressed as b =bx:+byA. dding the t o vectors
gives

A A A

r=da+b=a +b 1+ a,+b, =ri+r,

ANALYZE a iven that a= 40mi+ 30m and b= -130mi+ 7.0m e
find the x and the y components of 7 to be
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r=a, by=40m -13m =-9.0m
rn=a, b,=30m 7.0m =10.0m.

hus 7= —9.0m i+ 10m .

b he magnitude of 7is r= 7 =\/rx2+ry2 -/ -90m?2+10m2=13m,

c heangle bet een the resultant and the xa isis given by

6=tan™* (r_yj = tanl(lg'g r:J =—48° or 132°.

7

X

ince the x component of the resultant is negative and the y component is positive
characteristic of the second wuadrant e find the angle is 132  measured

counterclock ise from xa is.

LEARN he addition of the t o vectors is depicted in the figure belo  not to scale .
ndeed since r, <0 and r,>0 ee pect 7 to be in the second uadrant.

12. e label the displacement vectors 4 B and C and denote the result of their vector
sumas 7 . e choose east as the i direction x direction and north as the ~ direction

y direction . e note that the angle bet een C andthexa isis60 . hus

north
west <—I—> east (_j ;1 = 50 km i
south B = 30km
5 C = 25km cos(60°)i  25km sin(60°)
A
@ >
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a he total displacement of the car from its initial position is represented by
F=A+B+C=625kn i+ 517 km

hich means that its magnitude is

|7|=+ 62.5km ?+ 51.7km ? =81 km.

b heangle counterclock isefrom xa is istan® 51.7 km 62.5km =40 hich is
to say that it points 40 north of east. Ithough the resultant 7 is sho n in our sketch it

ould be a direct line from the “tail” of A4 to the “head” of C.

13. e find the components and then add them as scalars not vectors . ith d = 3.40
kmand #=35.0 efinddcos @ dsin&=4.74km.

14. a umming the x components e have

20m b5,-20m-60m=-140m
hich gives 5, =—80 m.

b umming the y components e have

60m-70m ¢,—-70m=30m
hich implies ¢, =110 m.

c singthe ythagorean theorem the magnitude of the overall displacement is given by
J-140m?+30m?2~ 143 m.

d he angle is given by tan™" 30 —140 =-12° hich  ould be 12° measured
clock ise from the —x a is or 168° measured counterclock ise fromthe xa is.

15. THINK his problem involves the addition of t o

vectors @ and b int o dimensions. We’re asked to find Y
the components magnitude and direction of the resulting k e s
vector. — b
F 6, 2?
EXPRESS nt o dimensions a vector a can be ritten o
as in unit vector notation - b,
» X
leax;JrayA: acosa i+ asina .
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imilarly a second vector 5 can be e pressed as l_)':bx?+b)f= bcosB i+ bsinp .
rom the figure ehave a=6, and =6, +6, since the angles are measured from the

x a is and the resulting vector is

A

F=d+b= awws6,+bcos 6,+06, i+ asing +bsin O,+6, =ri+r,
ANALYZE a iventhat a=b=10m 6, =30° and g, =105° the x component of 7 is
r.=acosé, +bcos 6 +6, = 10 m cos30°+ 10 m cos 30°+105° =1.59 m

b imilarly the y component of 7 is

r,=asing +bsin 6 +6, = 10 m sin30°+ 10 m sin 30°+105° =12.1m.

¢ he magnitude of 7 is r= ¥ =\/1.59 m?+121m?=122m.

d heanglebet een 7 andthe xa isis

f=tan™ bolZtant 12.1m =82.5°,
7 1.59m

X

LEARN s depicted in the figure the resultant 7 lies in the first uadrant. his is hat
e e pect. ote that the magnitude of » can also be calculated by using la of cosine

a band 7 form an isosceles triangle

r=ya’+b*~2abcos 1806, =/10m 2+ 10m *-210m 10 m cos75°
=122 m.

16. a d+b= 301+40 m+50i-20 m=80m i+ 20m

b he magnitude of G+5 is
a+b=+80m?+20m?=82m.

¢ heangle bet een this vectorandthe xa isis

tan! 20m 80m =14 .

d b—d=501-20 m-30i+40 m=20mi-60m .
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e he magnitude of the difference vector b — a is

b-d=+20m?%+ -60m?2=63m.

f heangle bet een this vector andthe xa isistan® —60m 2.0m =-72. he
vector is 72 clockwise from the a is defined by i.
17. any of the operations are done efficiently on most modern graphical calculators
using their built in vector manipulation and rectangular <> polar “shortcuts.” In this
solution e employ the “traditional” methods (such as Eq. 3 6 . here the length unit is
not displayed the unit meter should be understood.

a sing unit vector notation

50 m cos 30° i+ 50m sin 30°

a:

b= 50 cos 195° i+ 50 m sin 195°

¢=50m cos 315° i+ 50 m sin 315°
G+b+¢=304m i— 233m .

he magnitude of this result is J 304m°*+ —23.3m?=38m.

b het o possibilities presented by a simple calculation for the angle bet een the
vector described in part a and the x direction are tan' —23.2m 304 m =-375
and 180 -375 =1425 . he former possibility is the correct ans er since the
vector is in the fourth uadrant indicated by the signs of its components . hus the angle
is-37.5 hichistosaythatitis 37.5 clockwise fromthe xa is. hisise uivalentto
322.5 counterclock ise from x.

—b+é=433— —483 +354 i— 25— —12.9 + —-354 =1271+260 m

Ql
o

in unit vector notation. he magnitude of this result is

G-b+¢ =y 127m 2+ 2.6 m 2 ~1.30x10> m.

d he angle bet een the vector described in part ¢ and the x ais is
tan™" 2.6 m 127 m ~1.2°.

forum.konkur.in



www.konkur.in

91

e sing unit vector notation d is given by d=d+b-c= —40.41+47.4  m
hich has a magnitude of \j —404m?+ 474m?=62m.

f he t o possibilities presented by a simple calculation for the angle bet een the
vector described in part e and the x a is are tan™ 47.4 —-40.4 =-50.0° and
180°+ —50.0° =130°. e choose the latter possibility as the correct one since it

indicates that d is in the second uadrant indicated by the signs of its components .

18. f e ishtouse .35 inan unmodified fashion e should note that the angle
bet een C andthe xa isis180 20.0 =200 .

a hexandycomponents of B are given by

B, =C,— A,
B, =Cy -4,

150m cos200 — 12.0m cos40 =-23.3m
15.0m sin200 — 12.0m sin40 =-12.8 m.

onse uently its magnitude is B = \f -233m?*+ -12.8m*=26.6 m.

b het o possibilities presented by a simple calculation for the angle bet een B and
the xa isaretan® -12.8m -233m =289 and180 289 =209 . e choose

the latter possibility as the correct one since it indicates that B is in the third uadrant
indicated by the signs of its components. e note too that the ans er can be
e uivalently stated as —151°.

19. a ithidirected for ard and directed left ard the resultantis 5.00i 2.00 m.

he magnitude is given by the ythagorean theorem \/ 500m?*+ 2.00m? =5.385m
~5.39m.

b heangleistan™ 2.005.00 ~21.8 leftof for ard .
20. he desired result is the displacement vector in units of km 4 = 56km 90
measured counterclock ise from the x a is or A= 5.6 km  here is the unit
vector along the positive y a is north . his consists of the sum of t o displacements
during the hiteout B= 7.8 km 50° or

B= 7.8km c0s50°i +sin50° = 5.01 km i+ 5.98 km "

and theunkno n C. hus A=B+C.
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a he desired displacement is given by C=A—B= —5.01km i— 0.38km . he
magnitude is \j—S.Ol km?+ —0.38 km * =5.0 km.

b heangleis tan™" —0.38 km —-5.01km =4.3° southof due est.

21. eading carefully e see that the x, y specifications for each “dart” are to be
interpreted as Ax Ay descriptions of the corresponding displacement vectors. e

combine the different parts of this problem into a single e position.
a longthexa is ehave iththe centimeter unit understood

30.0 + b, — 20.0 —80.0 = —140
hich gives b, =—70.0 cm.

b long theya is e have

40.0 -70.0 + ¢, - 70.0 = -20.0
hich yields ¢, = 80.0 cm.

¢ he magnitude of the final location —140 —20.0 is \/ ~140 >+ -20.0 > =141 cm.

d ince the displacement is in the third uadrant the angle of the overall displacement
is given by 7 tan™* —-20.0 -140 or 188 counterclock ise from the x a is or
—172°counterclock ise fromthe xa is.

22. ngles are given in ‘standard’ fashion so . 3 5 applies directly. e use this to

rite the vectors in unit vector notation before adding them. o ever a very different
looking approach using the special capabilities of most graphical calculators can be
imagined. herever the length unit is not displayed in the solution belo  the unit meter
should be understood.

a llo ing for the different angle units used in the problem statement e arrive at

E=3731+470"
F=1291-483"
G=1451+373"
H=-5201+300"
E+F+G+H=1281 +6.60 .

b he magnitude of the vector sum found in part a is \/ 1.28m?+ 6.60m*=6.72m.
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¢ tsangle measured counterclock ise fromthe xa isistan™ 6.60 1.28 =79.0 .

d sing the conversion factor ~ rad = 180° 79.0 = 1.38 rad.

23. he resultant along the y a is ith the same magnitude as C forms along ith

C aside of an isosceles triangle ith B forming the base . f the angle bet een c
and the y a is is @=tan™" 3 4 =36.87° then it should be clear that referring to the
magnitudes of the vectors B=2Csin @ 2 . hus since C=5.0 efindB=3.2.

24. s a vector addition problem e e press the situation described in the problem

statement as A B= 34 here 4 =Aiand B=7.0m. incei L e may
use the ythagorean theorem to e press B in terms of the magnitudes of the other t o
vectors

B=~[34% A4 = A:\/%B:Z.Zm.

25. he strategy is to find here the camel is 5 by adding the t o consecutive

displacements described in the problem and then finding the difference bet een that
_)
location and the oasis B . sing the magnitude angle notation

C- 24/ -15° 8.0£L90° = 23.25 £44Yr
SO

B-C = 25./0° — 2325 £ 4.41° = 25 /—45°

hich is efficiently implemented using a vector capable calculator in polar mode. he
distance is therefore 2.6 km.

26. he vector e uation is R=A+ B+ C+D. pressing B and D in unit vector

notation e have 1.69i +3.63 m and —2.87i + 410 m respectively. here the
length unit is not displayed in the solution belo  the unit meter should be understood.

a  dding corresponding components e obtain R= —3.18 mi+ 4.72m .

b sing .36 the magnitude is

R=-318m?2+ 472m % =569 m.
¢ heangleis

6= tanl( 43;7128?1} =-56.0° ith —xa is.
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f measured counterclock ise from x a is the angle is then 180°—56.0°=124°. hus

converting the result to polar coordinates e obtain

(-3184.72) — (569 £ 124°)
27. olving the simultaneous e uations yields the ans ers
a d =4d, =8i 16 and

b d=d =2i 4.

28. et A represent the first part of Beetle 1’s trip (0.50 m east or 0.5 i and C
represent the first part of Beetle 2’s trip intended voyage (1.6 m at 50° north of east). For

their respective second parts B is 0.80 m at 30 north of east and D is the unkno n.
he final position of eetle 1is

A+B=05mi+ 0.8m cos30°i+sin30° = 1.19m i+ 0.40m .

he e uation relating these is A+ B=C+D  here

C=1.60m ¢0s50.0°% +sin50.0°° =1.03mi+1.23 m

a efind D=A+B-C= 0.16 .0 i+ —0.83 m  and the magnitude is D = 0.84 m.

b heangle is tan* —0.83 0.16 =—79° hich is interpreted to mean 79 south of

east or 11 east of south .

29. et [, =2.0cm be the length of each segment. he nest is located at the endpoint of

segment w.

a sing unit vector notation the displacement vector for point 4 is
d, = W+V+i+h=1l, c0s60°i+sin60° " +(1, )+l cos120° +sin120°" +(i, )
= 2+\3 1, .
herefore the magnitude of d, is d, = 2++/3 2.0cm =7.5cm.

b heangleof d, is @=tan" d,, d, =tan" o =90°.

¢ imilarly the displacement for point B is
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d,=W+Vv+j+p+o
=1, c0560%1 +5in 60°" +(I, ")+ 1, COS60%i +5iN60° " +1, cos30°1 +sin30° " + (1, )

= 2+3 21i+ 3 2+B 1, .

herefore the magnitude of d,, is

dy =l 243 22+ 3 2432 = 20cm 43 =8.6cm.

d he direction of d, is

d
0, =tan™* [f} =tan™ (MJ =tan™ 1.13 =48°.

. 2++3 2

30. any of the operations are done efficiently on most modern graphical calculators
using their built in vector manipulation and rectangular <> polar “shortcuts.” In this
solution e employ the “traditional” methods (such as Eq. 3 6 .

a he magnitude of a iSa:\/ 40m?*+ -3.0m?*=5.0m.

b heanglebet een g andthe xa isistan® -3.0m 4.0m =-37. he vector is
37 clockwise from the a is defined by i .

¢ he magnitude of 4 is b:\/ 6.0m?+ 8.0m?*=10 m.

d heanglebet een 5 andthe xa isistan® 8.0m 6.0m =53 .

e G+b=401+60m i+ -30m+80m =10mi+50m . he magnitude

of this vector is a+b :\/10 m?+50m?=11m e round to t o significant
figures in our results.

f heangle bet een the vector described in part e andthe xa isistan® 5.0m 10
m =27.

g b—d=60m-40m i+80m—--30m =20m i+11m . he magnitude

of this vector is b—a =\/ 20m?+11m?=11m hich is interestingly the same
result as in part e e actly not ust to 2 significant figures this curious coincidence is
made possible by the fact that @ L b .

forum.konkur.in



www.konkur.in

96 CHAPTER 3

h heangle bet een the vector described in part g andthe xa isistan™ 11m 2.0
m =80 .

i G-h=401-60m i+ —-3.0m -80m = -20m i+ -11m . he magnitude
of this vector is

G-b=y-20m%+ -11m?=11m.
he t o possibilities presented by a simple calculation for the angle bet een the
vector described in part i and the x directionaretan® -11m -20m =80 and

180 80 =260 . he latter possibility is the correct ans er see part k for a further
observation related to this result .

k incea—b= -1 b—a they point in opposite anti parallel directions the angle
bet een themis 180 .

3. a itha=17.0mand 6=56.0 e finda,=acos 8=9.51m.
b imilarly a,=asin 6=14.1m.

¢ heangle relative to the ne coordinate systemis & = 56.0 —18.0 =38.0. hus
a.=acos@ =13.4m.

d imilarly o, =asin @ =10.5m.

32. a scanbeseen from igure 3 30 the point diametrically opposite the origin 00 0
has position vector a i+a +ak andthis is the vector along the “body diagonal.”

b romthepoint a 0 0  hich corresponds to the position vector a the diametrically
opposite pointis 0 a, a ith the position vectora "+ak. hus the vector along the

line is the difference —qi+a +ak.

Q

Q

- a
c f the starting point is O a« 0 ith the corresponding position vector a the
diametrically opposite point is a 0, a ith the position vectorai + ak. hus the

vector along the line is the difference a i—a +ak.
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d fthe starting pointis a a 0 ith the corresponding position vector a i+a the
diametrically opposite point is 0 0, @ ith the position vector ak. hus the vector
along the line is the difference —ai—a +ak .

e onsider the vector from the back lo er left corner to the front upper right corner. tis
ai+a +ak. e may think of it as the sum of the vector ai parallel to the x a is and

the vector @ + ak perpendicular to the x a is. he tangent of the angle bet een the
vector and the x a is is the perpendicular component divided by the parallel component.

ince the magnitude of the perpendicular component is va?+a* =a<2 and the
magnitude of the parallel component is a tanez(aﬁ) a=+2. hus 6 = 547°. he

angle bet een the vector and each of the othert o0 ad acent sides the y and z a es is the
same as is the angle bet een any of the other diagonal vectors and any of the cube sides
ad acent to them.

f  he length of any of the diagonals is given by va? +a’ +a? = a+/3.

33.  amining the figure eseethat ¢ & <¢=0 here a L b .

alaxb| = 30 40 =12sincethe angle bet een them is 90 .

b singthe ight and ule the vector axb pointsinthe ix =k orthe zdirection.

N

C axc¢c = ax—-a - b :—(ng = 12.

d he vector —axb points inthe —ix =—k or the — z direction.

N

e Bxg:gx—a—EZ—(Hxa :(5xg =12.
f he vector points in the =z direction asinpart a.

34. eapply .323and .327.

Gxb - ab, —ab, k since all other terms vanish due to the fact that neither @ nor

a
b have any z components. onse uently e obtain 3.0 4.0 — 50 2.0 k=2.0k.

b =ab, +ab, yields 3.0 20 50 4.0 =26.

Ql

b

+b= 304201+ 50+40 = 4 b-b=50 20 9.0 40 =46.

Q!

c
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d everal approaches are available. n this solution e ill construct a b unit vector
and “dot” it (take the scalar product of it ith @. nthiscase e make the desired unit
vector by
20i+40

J202+ 407

ab:&~5: 3.0 20 + 50 4.0 &g

,} 207+ 40°

35. a he scalar or dot product is 4.50 7.30 cos 320 —85.0 =-18.8.

e therefore obtain

b he vector or cross product is in the k direction by the right hand rule ith
magnitude 4.50 7.30 sin 320 —85.0 =26.9.

36. irst e re rite the given e pression as 4 dpune  deross here dpiane = d,
d, and in the plane of d, and d, and d___=d, xd,. otingthat dess is perpendicular

Cross

to the plane of 4, and 512 e see that the ans er must be 0 the scalar or dot product of
perpendicular vectors is ero .

37. eapply .323and .327. fa vector capable calculator is used this makes a
good e ercise for getting familiar ith those features. ere e briefly sketch the method.

a enotethat 5xé=-8.01+5.0 +6.0k. hus

a-bxc¢ -30 -80+ 30 50+ —-20 6.0 = -21.
b enotethat 5 ¢=1.0i—-20 3.0k hus

G-b+¢ =30 1.0+30 -20+ —-20 3.0 =-90.
c inally
Gxbh ¢ =30230--20 -20 i+ -20 1.0 —-130 30

+ 30 -20 -30 1.0 k
-5 — 11 — 9k

38. sing the fact that

x>
I
_—
0
X
_—
I

ix =k x

e obtain
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24 x E:2(2.00?+3.00A—4.00I2)x(—3.00?+4.00A+2.OO|A()

—44.01+16.0 +34.0k.
t making use of

ii=" =kk=1
i =" k=ki=0
have
3C-(24xB)=3(7.00i-8.00")-(44.0i+16.0" +34.0k]
=3 7.00 44.0 -8.00 16.0 + 0 34.0 =540.
rom the definition of the dot product bet een 4 and B A-B= AB.us6

oo

A.
cosf =

5|
&

ith 4=6.00 B=7.00and A-B=14.0 cos@#=0.333 or §=70.5°.

40

a

b

c

. he displacement vectors can be ritten as in meters

450 m cos63° +sin63°k = 2.04m + 4.01m k
1.40 m co0s30°i+sin30°k = 1.21m i+ 0.70m K.

d
d,

he dot product of d,and d, is

d-d,= 2.04"+4.01k - 1.21i+0.70k = 4.01k - 0.70k =2.81m?.

he cross product of d,and d, is

d,xd,= 2.04 +4.01k x 1.21i+0.70k
204 121 -k 204 0701+ 4.01 1.21°
1.431+4.86 —2.48k m>

he magnitudes of d, and d, are

d,=y204m?+ 401m 2 =450m
dy=y121m?+ 0.70m 2 =1.40 m,

hus the angle bet eenthet o vectorsis

forum.konkur.in

99

e have



www.konkur.in

100 CHAPTER 3

37 7 2
6 =cos™ ddy |_ cos™ 2.81m =63.5°.
dd, 450m 1.40m

41. THINK he angle bet een t o vectors can be calculated using the definition of
scalar product.

EXPRESS ince the scalar product of t o vectors @ and b is

a-b=abosp=ab, +ab, +ab,

the angle bet een them is given by

ab. +ab, + ab,
ab

COS¢ =

ab, + ayby + ab.
ab '

= ¢= cos‘l[

nce the magnitudes and components of the vectors are kno n the angle ¢ can be readily
calculated.

ANALYZE iven that G= 3.01+ 30 + 30k and b= 201+ 1.0 + 30k the
magnitudes of the vectors are

a=id=\d+d+a’=\3.0°+30°+3.0"=520

b=b=\bl+b+b>=\/2.07+1.0°+ 3.0° =3.74,

he angle bet een them is found to be

Cos g = 30 20 + 30 1.0 + 3.0 3.0 092
5.20 3.74

or ¢=22 .

LEARN s the name implies the scalar product or
dot product bet eent o vectorsisascalar uantity.
t can be regarded as the product bet een the
magnitude of one of the vectors and the scalar
component of the second vector along the direction
of the first one as illustrated belo  see also in ig.
3 18 ofthete t

G-b=abuusd= a bcose
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42. het ovectorsare rittenas in unit of meters

d,=4.01 5.0 =d+d,  d,=-3.01 4.0 =d,i+d,,
a hevector cross product gives

dxd,= d,d, —d, d, k= 4.0 4.0 -5.0 -3.0 k=31k

b hescalar dot product gives

d,-d,=d, d, +d,d, = 4.0 -3.0 + 5.0 4.0 =8.0.

d+d, -d,=d,-d,+d?=8.0+ -3.0 >+ 4.0 =33,
d ote that the magnitude of the d; vector is\/16 25 = 6.4. 0 the dot product is
6.4 5.0 cosd= 8. ividing both sides by 32 and taking the inverse cosine yields 8 =

75.5°.  herefore the component of the d; vector along the direction of the d, vector is
6.4cosf~ 1.6.

43. THINK n this problem e are given three vectors @ & and ¢ on the xy plane and
asked to calculate their components.

EXPRESS rom the figure enotethat ¢ L5  hich implies that the angle bet een ¢

+b, = bcosd i+ bsing
E=ca+c, = cCos 0+90° i+ csin 6+90°
he above e pressions allo us to evaluate the components of the vectors.
ANALYZE a hex componentof a isa,=acos0 =a=3.00m.
b imilarly the y componnetof a isa,=asin0 =0.
¢ hex component of b isb,=bcos30 = 4.00m cos30 =3.46m
d and the y componentis b,=5sin30 = 4.00m sin30 =2.00 m.

e hex componentof ¢ isc,=ccos120 = 10.0m cos 120 =-5.00 m
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f and the y componentisc, =csin30 = 10.0m sin 120 =8.66 m.
g hefactthat ¢ = pa+gb implies

c =cxI+cyA:p axf +q bj+byA = pa_+qb, i+qbyA
or
c.=pa +qgb, c,=qb,.
ubstituting the values found above e have

-5.00m=p 3.00m +g 3.46m
866m=¢g 2.00m .

olving these e uations e find p = -6.67.

h imilarly g = 4.33 (note that it’s easiest to solve for ¢ first . he numbers p and ¢
have no units.

LEARN his e ercise sho sthatgivent o non parallel vectorsint o dimensions the
third vector can al ays be ritten as a linear combination of the firstt o.

44. pplying .323 F =gV x B heregisascalar becomes
in+FyA +F, k= q (vyBZ —vZBy)iJrq (Vsz —vaZ)AJrq (vay —vyBx) k

hich — plugging in values — leads to three e ualities

40=2 4.0B. - 6.0B,
—20=2 6.0B, — 2.0B,
12=2 2.0B, - 4.0B,

ince e are told that B, = B, the third e uation leads to B, = —3.0. nserting this value
into the firste uation e find B.=—4.0. hus ourans eris

B=-30i-3.0 -4.0k.
45. het o vectors are given by

00 0s130°1 +sin130° =-5.141+6.13"
i+B =-7.721-9.20 .

A=8.
B=B

X
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a hedot product of 54- Bis

54-B=5-514i+6.13 - -7.721-920 =5 -5.14 —7.72 + 6.13 —9.20
—_83.4.

b n unit vector notation
A4x3B=124AxB=12 -5.141+6.13" x —7.721-9.20" =12 94.6k =1.14x10%k

c e note that the a imuthal angle is undefined for a vector along the za is. hus our
result is “1.14x10° @not defined and ¢=0°.”

d ince 4 isin the xy plane and Ax Bis perpendicular to that plane then the ans er is
90°.

e learly 4 +3.00k =-514i 613 3.00k.

f he ythagorean theorem yields magnitude Az\/ 5.14 *+ 6.13 %+ 3.00 2 =8.54.

he a imuthal angle is @ = 130° wust as it as in the problem statement A is the
pro ection onto the xy plane of the ne vector created in part e . he angle measured
fromthe za isis

¢=cos* 3.00 8.54 =69.4°,

46. he vectors are sho n on the diagram. he x a is runs from est to east and the y
a is runs from south to north. hena,=50m a,=0

v =—40m sin35 =-229m b,= 40m cos35 =3.28 m.

N

50.4°

]}

a eté=a+b. henc =a +b=500m —2.29m=2.71 m and
c,=a,+b=0 3.28m=328m. he magnitude of cis

y

=+ =\[(271m)’ + (3.28m)’ =4.2 m.
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b heangle fthat ¢ = a + b makes iththe xa isis

f=tan™ [C—y] =tan™ [%J =50.5° ~ 50°.

Cc

X

he second possibility =50.4 180 =230.4 is re ected because it ould point in a
direction opposite to ¢ .

¢ he vector b — & is found by adding —a to 5. he result is sho n on the diagram to

theright. et ¢ =b —a. he components are

c,=b —a,=-229m-500m=-7.29m
c, :by —a, =3.28 m.

he magnitude of ¢ is ¢ =,[c? +c} =8.0m.

oy

d hetangent of the angle #that ¢ makes iththe xa is east is

tanezi: 3.28m =-450.
c —7.29m

X

here aret o solutions —24.2 and 155.8 . s the diagram sho s the second solution is
correct. hevector ¢ =—a+b is24 northof est.

47. oting that the given 130° is measured counterclock ise from the x a is thet o
vectors can be ritten as

A=8.00 cos130°i +sin130°" =-5.14i+6.13"
B=Bi+B =-1.72i-9.20 .
a heangle bet een the negative direction of the y a is —" and the direction of 4 is
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0-cos?| A= | = cos 613 —cost 2813 Z 1400,
4 J -5.14 %+ 6.13? 8.00

Iternatively one may say that the —y direction corresponds to an angle of 270° and the
ans er is simply given by 270°-130° = 140°.

b ince the y a is is in the xy plane and Ax B is perpendicular to that plane then the
ans eris 90.0°.

c he vector can be simplified as

Ax B+3.00k = -5.141+6.13" x —7.721-9.20 +3.00k
~18.391+15.42 +94.61k

ts magnitude is A x B+3.00k =97.6. he angle bet een the negative direction of the
yais — and the direction of the above vector is

0= cos‘l(_15'42j =99.1°.
97.6

48. here the length unit is not displayed the unit meter is understood.

a e first note that the magnitudes of the vectors are a= a =+ 3.2 >+ 1.6 > =3.58
and b= b =, 050 °+ 452=453. 0

d-b=ab +ab, =abcos
32 050 + 16 4.5 = 358 453 cos¢

hich leads to ¢ = 57 the inverse cosine is double valued as is the inverse tangent but
e kno this is the right solution since both vectors are in the same uadrant .

b ince the angle measured from x for G istan* 1.6 3.2 =26.6 ekno theangle
for ¢ is 26.6 —90 = -63.4 the other possibility 26.6 90 ouldleadtoac, O.
herefore
cx=ccos 634 =50 045 =2.2m.

c 1Iso ¢,=csin 634 =50 -0.89 =—45m.

d nd ekno theanglefor d tobe26.6 90 =116.6 hich leads to
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d.= dcos 1166 = 50 -045 =-22m.
e inally d,=dsin116.6 = 5.0 0.89 =4.5m.

49. THINK his problem deals ith the displacement of a sailboat. e ant to find the
displacement vector bet eent o locations.

EXPRESS he situation is depicted in the figure belo . et a represent the first part of
his actual voyage 50.0 km east and ¢ represent the intended voyage 90.0 km north .

e look for a vector b suchthat ¢ =a+b .
north

(0, 90km)

6
>L\ » east
d (50km, 0)

ANALYZE a singthe ythagorean theorem the distance traveled by the sailboat is

b=4/50.0 km 2+ 90.0 km ? =103 km.

b hedirection is

p=tan™ (MJ =29.1°
90.0 km '

est of north  hich is e uivalent to 60.9° north of due est .

LEARN his problem could also be solved by first e pressing the vectors in unit vector
notation = 50.0ki.1 &= 90.0ri . his gives

—

b=¢—ad=-50.0km i+ 90.0km .
he angle bet een b andthe xa isis

i 1( 90.0 km

0 =tan =119.1°.
-50.0 km

he angle @is related to ¢ by 6 =90°+¢.
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50. het ovectors d, and d,are givenby d, =—d, awd, =d,.
a hevectord, 4= d, 4 i points in the x direction. he factor does not affect the
result.

b he vectora*’l —4 =d, 4 i points in the y direction. The minus sign (with the “—4”)

does affect the direction — -y = .

¢ d,-d,=0since i- =0. het o vectors are perpendicular to each other.
d d-d, 4=d-d, 4=0 asinpart c.

e dxd,=—dd, xi =dd,k inthe z direction.
f d,xd, =—d,d, ix =-dd,k inthe— direction.
g he magnitude of the vector in e is dd,.
h he magnitude of the vector in f is d,d,.
i ince d,x d, 4 = dd, 4k the magnitude is d,d, 4.
he directionof d,x d, 4 = dd, 4 kisinthe z direction.

51. Ithough e think of this as a three dimensional movement it is rendered effectively
t o dimensional by referring measurements to its ell defined plane of the fault.

a he magnitude of the net displacement is

AB =\[AD?+ AC? =\[17.0m 2+ 220m ? =27.8m.

b he magnitude of the vertical component of A%B iIs AD sin52.0 =13.4m.

52. he three vectors are

d, =4.01+5.0 —6.0k
d,=—1.0i+2.0 3.0k
d,=4.01+3.0 2.0k
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a F=d—dy,+d,= 9.0mi+ 6.0m + -7.0mKk.

b he magnitude of 7 is 7= 9.0m 2+ 6.0m 2+ —7.0m ?=12.9 m. he angle
bet een r andthez a is is given by

>

cosg=""2_ —7.0m —=-0.543
129 m

|

hich implies 6 =123°.

¢ he component of d,along the direction of d, is given by d, =d,-G-dusg here

@is the angle bet een d,and d, and (s the unit vector in the direction of d,. sing
the properties of the scalar dot product e have

=-3.2m

d-d,\_d,-d, 40 -1.0 +50 2.0+ -6.0 3.0 -12
d,=d, B = =

dd, ) d, J-10%+202+307 V14
d o e are looking for 4 such that &’ = 4.0 %+ 5.0+ —6.0 *=77=d} +d" .
rom ¢ e have

d =\{7T7Tm - -3.2m?=8.2m.
his gives the magnitude of the perpendicular component and is consistent ith hat
one ould get using . 324 butif more information such as the direction or a full
specification in terms of unit vectors is sought then more computation is needed.

53. THINK his problem involves finding scalar and vector products bet een t o
vectors @ and b .

EXPRESS e apply s. 320 and 3 24 to calculate the scalar and vector products
bet eent o vectors

ANALYZE a iven that a= @ =10 b= b =6.0 and #=60° the scalar dot

product of a and b is
G-b=abuwusg= 10 6.0 cos60°=230.

b imilarly the magnitude of the vector cross product of thet o vectors is
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axb =absing= 10 6.0 sin 60°=>52.

LEARN hent o vectors dand b are parallel ¢=0 their scalar and vector products
are a-b =ab wus p=ab and axb =abs ¢=0 respectively. o ever hen they are
perpendicular ¢=90° ehave G-b=abuwus¢p=0 and axb =absm¢=ab.

54. rom the figure itisclearthat @ 5 ¢ =0 here a L b .

a a b = 0sincethe angle bet een them is 90 .

—

b d ¢c=a —-ad-b =-adl =-16.
c imilarly 5 ¢ =-90.

55. e choose x east and y north and measure all angles in the “standard” way
positive ones are counterclock ise from x. hus vector d, has magnitude ¢, = 4.00 m

ith the unit meter and direction 6, = 225 . Iso d, has magnitude d» = 5.00 m and
direction & =0 and vector d, has magnitude d5 = 6.00 m and direction & = 60 .

a he x component of d, is di, = dy cos 6, = —2.83 m.

b hey component of d, is dy, = di sin 6 =-2.83 m.

¢ hex component of d, is dy = d» cOs 6 = 5.00 m.
d hey component of c72 IS doy, = d sin 6 =0.
e hex component of d, is da, = ds cos 65 = 3.00 m.

—h

he y component of d, is ds, = d3 sin 6 =5.20 m.
g hesum of x components is
de=dy doy di =-283m 500m 3.00m=5.17m.
h  he sum of y components is
d,=dy dy, ds, =-2.83m 0 520m=237m.

i he magnitude of the resultant displacement is
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d=d’+d’ ={517m*+ 237 m* =569 m.

nd its angle is
O=tan ' 2.375.17 =246

hich recalling our coordinate choices means it points at about 25 north of east.

k and | his ne displacement the direct line home hen vectorially added to the
previous net displacement must give ero. hus the ne displacement is the negative
or opposite of the previous net displacement. hat is it has the same magnitude 5.69
m but points in the opposite direction 25 south of est .

56. f e ishtouse .3 5directly e should note that the angles for Q R anu S are

100 250 and 310 respectively if they are measured counterclock ise from the x
a is.

a sing unit vector notation ith the unit meter understood e have

P =10.0 cos(25.0°)i +10.0sin (25.0°)"
0 =12.0cos (1000)? 12.0sin(100°)"
=8.00c0s(250°)i +8.00sin (250°)"
S= 900cos(310°)i+9.005in(3100)“
P+O+R+S=100m i+ 1.63m

b  he magnitude of the vector sum is \/10.0 m?+ 1.63m?*=10.2m.

¢ heangleistan® 1.63m10.0 m ~ 9.24 measured counterclock ise from the x
a is.

57. THINK his problem deals ith addition and subtraction of t 0 vectors.

EXPRESS rom the problem statement e have
A+B=6.01+10"  A-B=—4.0.+7.0"

olving the simultaneous e uations gives 4 and B .
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ANALYZE dding the above e uations and dividing by 2 leads to A=1.01+ 40",

he magnitude of A is
A= A =|A+4L =107+ 40°=41

L . A y
LEARN hevector B is B= 5.01+ -3.0 (-4,7) A
and its magnitude is b
. N\ a9
_ _ 2 2 2, 2 _ > .
B=B =\B’+B =\50°+ -307=58. R P
L . e A a5 6,1)
he results are summari ed in the figure to the —7 ka ’
right. ! >
BN
(57 _3)
58. he vector can be ritten as d= 2.5.1  here e have taken to be the unit

vector pointing north.

a he magnitude of the vector a=4.04 is 4.0 2.5m =10m.

b he direction of the vector @ = 4.0d is the same as the direction of 4 north .
¢ he magnitude of the vector ¢ =—-3.0d is 3.0 25m =7.5m.

d  he direction of the vector ¢ =—3.0d is the opposite of the direction of 4. hus the
direction of ¢ is south.

59. eference to igure 3 18 and the accompanying material in that section is helpful. f
e convert B to the magnitude angle notation as A4 already is e have
B = (144 £ 337°) appropriate notation especially if e are using a vector capable

calculator in polar mode .  here the length unit is not displayed in the solution the unit
meter should be understood. n the magnitude angle notation rotating the a is by 20
amounts to subtracting that angle from the angles previously specified. hus

A4 = (120 £ 400°) and B = 144 ~137° ' here the ‘prime’ notation indicates that
the description is in terms of the ne coordinates. onverting these results to x, y
representations e obtain

aA=919m '+ 7.71m .
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b imilarly B= 140m i'+ 3.41m .
60. het o vectors can be found be solving the simultaneous e uations.

a f eaddthee uations eobtain 23=6¢ hichleadsto =3¢ =9i+12 .

A

b lugging this result back in e find 5 =¢=3i + 4 .

61. he three vectors given are

= 5.0i+4.0 -6.0Kk

—2.01+2.0 +3.0k
4.0i+3.0 +2.0k

a hevectore uation 7 =a — b + ¢ is

o S QI
Il

F=50- -2.0+4.0i+ 4.0-2.0+3.0 + -6.0-3.0+2.0k
=11i 5.0 —7.0k.

b e find the angle from z by “dotting” (taking the scalar product) 7 ith K. oting
that

r=7 =, 1102 50% -70%2=14
.320 ith .3 23leadsto
Fen=-70=(14)(1)cosp = ¢=120°.

¢ o find the component of a vector in a certain direction it is efficient to “dot” it (take
the scalar product of it  ith a unit vector in that direction. n this case e make the

desired unit vector by
—2.0i 20 30k

J(207 + 207+ 307

S
Il
@‘I.‘ SNy

e therefore obtain

(5.0)(~2.0) + (4.0)(2.0) + (-6.0)(3.0)
J(-207 + 207+ 307

= _49.

a,=a-b=

d neapproach ifall ere uireisthe magnitude is to use the vector cross product as
the problem suggests another  hich supplies more information is to subtract the result

in part ¢ multiplied by h froma. e briefly illustrate both methods. e note that if
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acos @ here @is the angle bet een @ and 5 gives a, the component along b then
e e pect a sin dto yield the orthogonal component

‘ﬁxg‘

asing = =73

alternatively one might compute & form part ¢ and proceed more directly . he second
method proceeds as follo s

d - a,b = (50 - 2.35)i + (40 - (-235))  ((-6.0) — (-353))k
= 2,651 + 635 — 247k

his describes the perpendicular part of a completely. o find the magnitude of this part
e compute

J265%+ 6352+ —2477% =173

hich agrees ith the first method.

62. e choose x east and y north and measure all angles in the “standard” way
positive ones counterclock ise from x negative ones clock ise . hus vector d, has
magnitude ¢; = 3.66 ith the unit meter and three significant figures assumed and
direction ¢, =90 . Iso d, has magnitude o, = 1.83 and direction & = —45 and vector
c73 has magnitude &3 = 0.91 and direction &5 = -135 . e add the x and y components

respectively
x d,cosd +d,cos b, +d,cos @, =0.65m

y d;sin 6, +d,sin 6, +d,sin 6, =1.7 m.

a  he magnitude of the direct displacement the vector sum d, d, d, is

J065m?+ 17m2=18m,

b heangle understood in the sense described above istan™ 1.7 0.65 =69 . hat is
the first putt must aim in the direction 69 north of east.

63. he three vectors are
d =-3.01+3.0"+2.0k

d,=—-2.01-4.0"+2.0k

d,=2.01+3.0"+1.0k.
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a ince d,+d,=01-1.0" +3.0k ehave

d,- d,+d, = -3.01+3.0"+2.0k - 0i—1.0"+3.0k
=0-30 6.0=3.0m>

b sing .327 eobtain d,xd,=-101+6.0 +2.0k. hus

d - d,xd, = -3.01+3.0 +2.0k - —10i+6.0 +2.0k
—30+18+4.0=52 m’,

¢ efound & ds inpart a. seof .3 27then leadsto

}

' dy+d, = -3.0i1+3.0 +2.0k x 0i-1.0 +3.0k
11i 9.0° 3.0k m?

64. THINK his problem deals ith the displacement and distance traveled by a fly from
one corner of a room to the diagonally opposite corner. he displacement vector is three
dimensional.

EXPRESS he displacement of the fly is illustrated in the figure belo

X

coordinate system such as the one sho n above right allo s us to e press the
displacement as a three dimensional vector.

ANALYZE a he magnitude of the displacement from one corner to the diagonally

opposite corner is
d=d =W+ +1

ubstituting the values given e obtain

d=d =Nw +PP+h =370m?+ 430m ?+ 3.00m ? =6.42 m,
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b he displacement vector is along the straight line from the beginning to the end point
of the trip.  ince a straight line is the shortest distance bet eent o points the length of
the path cannot be less than d the magnitude of the displacement.

c he length of the path of the fly can be greater than ¢ ho ever. he fly might for
e ample cra | along the edges of the room. ts displacement ould be the same but the
path length ould be (+w+/=11.0 m.

d he path length is the same as the magnitude of the displacement if the fly flies along
the displacement vector.

e e take the x a is to be out of the page the y a is to be to the right and the z a is to
be up ard as sho nin the figure above . hen the x component of the displacement is
w = 3.70 m the y component of the displacement is 4.30 m and the z component is
3.00 m. hus the displacement vector can be ritten as

d=370m i+ 430m + 3.00m k.

f uppose the path of the fly is as sho n by the dotted lines on the diagram belo left .
retend there is a hinge here the front all of the room oins the floor and lay the all
do nassho n above right .

\ w

|
|
|
|
e 3

he shortest alking distance bet een the lo er left back of the room and the upper right
front corner is the dotted straight line sho n on the diagram. ts length is

min

Sm = (w4 B) +1 = \[(370 m+3.00 m)’ + 4.30m ? =7.96 m.

LEARN osho that the shortest path is indeed given by s
path as

e rite the length of the

min

s:\/y2+w2+\lil—y2+h2.

he condition for minimum is given by
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ds y -y
—= - =0.
dy \/yz+w2 \/l—y2+h2
hich gives

little algebra sho s that the condition is satisfied hen y=w w+h

2 ]2 2 12 2 2
so= w1+ + |7 1+ :«/w+h +1°.
o ( w+h 2] ( w+h 2]

ith i directed anti

65. a hisis one e ample of anans er —40i- 20

parallel to the first path directed anti parallel to the second path and k directed up ard

in order to have a right handed coordinate system .  ther e amples include 40i 20
ith slightly different interpretations for the unit

25k mand 40i—20 —25k m
ote that the product of the components is positive in each e ample.

ny other path  ould be longer than 7.96 m.
25k m

vectors .
b singthe ythagorean theorem e have \/ 4A0m?*+ 20m?* =447 m~45m.

66. he vectors canbe rittenas d=a1 and b=b here a b>0.

a e are asked to consider

inthe case @ 0. ince the coefficient of ~ is positive then the vector points in the y

direction.
b f ho ever 4 0 then the coefficient is negative and the vector points in the —y

direction.
¢ incecos90 =0 thend - b=0 using .3 20.
d ﬁince b d is along the y a is then by the same reasoning as in the previous part
a-b d =0.
e ytheright handrule G x 5 pointsinthe z direction.
e note that b xa =—axb is true

f ythesamerule 5 x a points in the —z direction.
in this case and uite generally.
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g incesin90 =1 .324gives axb =ab here a is the magnitude of a .

h Iso @axb=bxa=ab.
i ithd 0 efindthat ax b d has magnitude ab d.

he vector ax b d pointsinthe zdirection.

67. e note that the set of choices for unit vector directions has correct orientation for a
right handed coordinate system). Students sometimes confuse “north” with “up”, so it
might be necessary to emphasi e that these are being treated as the mutually
perpendicular directions of our real world, not just some “on the paper” or “on the
blackboard” representation of it. Once the terminology is clear, these questions are basic
to the definitions of the scalar dot and vector cross products.

a 1-k=0 since i Lk

b —k - - =0since kL .
c . - =-1.

d kx =—i est

e —ix — =+k up ard.
f —kx - =—i est

68. sketch of the displacements issho n. he resultant notsho n ould be a straight
line from start ank to finish  alpole . ith a careful dra ing one should find that
the resultant vector has length 29.5 km at 35  est of south.

West Bank East

Walpole

South

69. he point P is displaced vertically by 2R here R is the radius of the heel. tis
displaced hori ontally by half the circumference of the heel or TR. ince R =0.450 m
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the hori ontal component of the displacement is 1.414 m and the vertical component of
the displacement is 0.900 m. fthe x a isis hori ontal and the y a is is vertical the vector

displacement in meters is 7 :(1.414 i 0.900 ) he displacement has a magnitude of
7|=\(~R)’ +(2R)" = R'n? +4 =1.68m

tan™ (Z—R] =tan* (Ej =32.5°
TR T

above the floor. n physics there are no “exact” measurements, yet that angle computation
seemed to yield something exact. 0 ever there has to be some uncertainty in the
observation that the heel rolled half of a revolution  hich introduces some
indefiniteness in our result.

and an angle of

70. he diagram sho s the displacement vectors for the t o segments of her alk
labeled 4 and B and the total “final”) displacement vector, labeled 7. e take east to

be the x direction and north to be the y direction. e observe that the angle bet een A
and the x a is is 60 . here the units are not e plicitly sho n the distances are

understood to be in meters. hus the components of A are 4, = 250 cos60 = 125 and A,

=250sin60 =216.5. he components of B are B, = 175 and B,=0. he components of
the total displacement are

r=A, B,=125 175=300
r,=A, B,=2165 0=216.5

North B’

3

East

a he magnitude of the resultant displacement is

F=|ri+rt=300m?+ 2165m *=370m.

b he angle the resultant displacement makes iththe xa isis

tan* L =tan™ 2165m =36°.
r 300 m
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he direction is 36° north of due east.
¢ hetotal distance alkedisd=250m 175 m =425m.

d he total distance alked is greater than the magnitude of the resultant displacement.
he diagramsho s hy A and B are not collinear.

71. he vector d measured in meters can be represented as d = 3.0 i — here —
is the unit vector pointing south. herefore 5.04=5.0-3.0m = —-15m .

a he positive scalar factor 5.0 affects the magnitude but not the direction. he
magnitude of 5.04 is 15 m.

b hene direction of 54 is the same as the old south.
he vector —2.0d can be ritten as —2.0d = 6.0m

¢ he absolute value of the scalar factor —2.0 = 2.0 affects the magnitude. he ne
magnitude is 6.0 m.

d he minus sign carried by this scalar factor reverses the direction so the ne direction
is + or north.

72. The ant’s trip consists of three displacements:

d = 040 m c0s225°i+sin225° = —0.28m i+ —0.28m ~
d,= 050m i
d,= 0.60m cos60°i+sin60° = 0.30m i+ 052m

here the angle is measured ith respect to the positive x a is. e have taken the
positive x and y directions to correspond to east and north respectively.

a hex component of 571 is d,, = 0.40 m cos225°=-0.28 m.
b hey component of d, is d,, = 0.40 m sin225°=-0.28 m.
¢ hex component of d, is d, =0.50 m.

d heycomponentof d, is d,, =0 m.
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e hex component of d, is d,, = 0.60 m cos60°=0.30 m.
f hey component of d, is d;, = 0.60 m sin60°=0.52 m.

g hex component of the net displacement d_, is

net

d,

et =dp, +d, +dy, = -028m + 0.50m + 0.30 m =0.52 m.
h  he y component of the net displacement d_, is

d

net y

=d, +d, +d, = ~028m + Om + 052m =0.24m.

I he magnitude of the net displacement is

d., =\/d§etx+d§ety -/ 052m 2+ 0.24m ?=057m.

he direction of the net displacement is

d
f=tan (ﬂ] = tan‘l(g'gg m) =25° north of east
52m

net x

f the ant has to return directly to the starting point the displacement ould be —d,, .
k he distance the ant has to travel is —d_, =0.57 m.

| he direction the ant has to travel is 25° south of est .
73. eapply .323and .327.

a daxb= ab, —ab, k since all other terms vanish due to the fact that neither  nor

b have any z components. onse uently eobtain 3.0 4.0 — 5.0 2.0 k=2.0k.

b

Ql

-b=ab, ab, yields 30 20 5.0 4.0 =26.

XX

Ca+h=30+201+50+40 = & b-b=50 20 90 40 =46.

d everal approaches are available. n this solution e ill construct a b unit vector
and “dot” it take the scalar product of it  ith @. nthis case e make the desired unit
vector by
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_ 20i+40
J202+ 407

ab:a-B: 3.0 20 + 5.0 4.0 _ca1

4/ 207+ 407

74. het o vectors aand b are given by

S
Il
D“.I‘ SNy

e therefore obtain

G =23.20 c0s63° +sin63°k =1.45 +2.85k
b =1.40 cos48° i +sin48° k =0.937i+1.04 k

he components of @ are a, =0 a, =3.20 cos 63 =1.45 and a. = 3.20 sin 63 = 2.85.
he components of » are b, = 1.40 cos 48 =0.937 b, =0 and b, = 1.40 sin 48 =1.04.

a hescalar dot product is therefore
a-b=ab, + ab, +ab, = (0)(0.937) + (145)(0) + (2.85)(104) = 2.97.
b he vector cross product is

axb=(ab —ab,)i (ab —ab) (ab, —apb)k
=((1.45)(1.04) - 0))i  ((2.85)(0.937)-0))" + (0 - (1.45)(0.937))k
—151i 267 —1.36k.

¢ heangle Obet een a and b is given by

9=cost| Z P | scost| 29 | _4gse.
ab (3.20)(1.40)

75. eorient ieast ard north ard and k up ard and use the follo ing fundamental
products

A A

> =y

X X
xk=-kx =
kK xi i x

(a) “north cross west” = x —i =k =“up.”
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(b) “down dot south” = -k - =" =o0.

(c) “east cross up” = ix k == =*“south.”

(d) “west dot west” = —i-—i =1.

(e) “south cross south” = - x -7 =0.

76. et A denote the magnitude of 4 similarly for the other vectors. he vector e uation
isA+B=C hereB=80mand C=24. e arealso told that the angle measured

in the ‘standard” sense for 4 is 0 and the angle for C is 90  hich makes this a right
triangle  hen dra nin a “head to tail” fashion) where B is the si e of the hypotenuse.
sing the ythagorean theorem

B=,A* + C> =80 =+4> + 4A4°

hich leadsto 4 = 8 /5 = 3.6 m.

77. eorient ieast ard north ard and k up ard.
a he displacement is 4 = 1300 m i+ 2200m + —410mKk.

b he displacement for the return portion is d' =— 1300 m i— 2200m  and the
magnitude is @’ =/ ~1300 m 2+ —2200m 2 =2.56x10°m.

he net displacement is ero since his final position matches his initial position.

78. et ¢ = b x a. hen the magnitude of ¢ is ¢ = ab sin ¢. ince ¢ is perpendicular
to a the magnitude of @ x & isac. he magnitude of Gx bxa isconse uently

ax bxd =ac=a’bsing.
ubstituting the values given e obtain

ax bx da =a*hoang= 3.902 2.70 sin63.0°=36.6.

79. he area of a triangle is half the product of its base and altitude. he base is the side
formed by vector . hen the altitude is 5 sin gand the areais A=1 absin g=1 axb .
ubstituting the values given e have

A:%absingzﬁ:% 4.3 5.4 sin46°~8.4.
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1. a he magnitude of 7 is
F={y50m?+ —30m2+20m?=62m 5 L ,
b sketch is sho n. he coordinate values are in 7‘%
meters. X
2. a he position vector accordingto .41 is7= -50m i 80m .

b he magnitude is F:\}xz V' Z =J—5.Om2+ 80m?*+0m?=94m,

c any calculators have polar <> rectangular conversion capabilities that make this
computation more efficient than hat is sho n belo . oting that the vector lies in the
xy planeand using .3 6 e obtain

eztan{ 85'00”” j:—sso or 122°
—2.Um

direction is chosen since the signs of the components imply the vector is
in the second uadrant.

d he sketch is sho nto the right. he vector is 122 counterclock ise

here the latter possibility 122 measured counterclock ise from the x y
0
|
|
|

from the x direction. I

e he displacement is A¥=7"—# here 7 is given in part a and
7= 3.0mi. herefore A¥=80mi-80m .

f he magnitude of the displacement is

AF=80m%+ —80m2=11m,
(-5.8)

g heangle for the displacement using .36 is

tan™ ( séoom j = _45° or 135° -
—o.Um

123
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here e choose the former possibility —45 or 45 measured clockwise from x since
the signs of the components imply the vector is in the fourth uadrant.  sketch of Ar is
sho n on the right.

3. he initial position vector 7, satisfies 7 —7 = A7  hich results in

F=F—AF=30 —40km—- 2.0i—30 +60km= —20m i+ 60m + —10m K.

o

4. e choose a coordinate system ith origin at the clock center and x right ard
(toward the “3:00” position) and +y upward (toward “12:00”).

a nunit vector notation ehave 7= 10 un 1 a 5, = —10ui. . hus .4 2 gives

AF=F—F=-10cmi + —10cm .

he magnitude is given by A7 =\/ ~10cm ?+ —10cm ? =14 cm.

b sing .36 theangleis

H:tanl(_lo cmj:450 or —135°.
-10 cm

e choose —135°since the desired angle is in the third wuadrant. n terms of the
magnitude angle notation one may rite

AF=F —F=-10cmi + -10cm — l4cm./ —135°.

¢ n this case e have Z= —10cm and# = 10cm  and A7 = 20cm . hus
AF =20 uin.

d sing .36 theangleis given by

9=tan-l(20°mj=9oo.
Ocm

e nafull hours eep the hand returns to its starting position and the displacement is
ero.

f he corresponding angle for a full hour s eep isalso ero.
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5. THINK his problem deals ith the motion of a train in t o dimensions. he entire
trip consists of three parts, and we’re interested in the overall average velocity.

EXPRESS he average velocity of the entire trip is given by . 48 v, =AF A
here the total displacement A7 = A7 + Ar, + Ar, is the sum of three displacements each

result of a constant velocity during a given time and Az = At +At, +At, is the total
amount of time for the trip. e use a coordinate system ith xfor astand yfor orth.

ANALYZE a nunit vector notation the first displacement is given by

A7 = [60.0 KM (A00MINA 246 6
h 60 min h

he second displacement has a magnitude of 60.0 %™ . Zomin —500km and its
direction is 40 north of east. herefore

AF, = 20.0 km cos 40.0° i + 20.0 km sin 40.0° "= 153km i + 12.9km .

imilarly the third displacement is

A =—{ 60.0 XM (20:0MIN Y 256 0 km
h 60 min h

hus the total displacement is

AF = AF + AR +AF, = 40.0 km i+ 153km i+ 12.9km ~— 50.0km i
= 530km i+ 12.9km .

he time for the trip is Az= 40.0 20.0 50.0 min =110 min hich is e uivalent to
1.83h. .4 8thenyields

. 530km i+ 129km

Vg = 290kmh i+ 7.01kmh .
1.83h

he magnitude of ¥, is ¥,, = 2.90kmh 2+ 7.0Lkmh 2 =7.59 km h.

b heangle is given by

0=tan‘{vﬁvﬁJ=tan‘1(%j:67.5° north of east
v . m

avg x

or 22.5° east of due north.

forum.konkur.in



www.konkur.in

126 CHAPTER 4

LEARN he displacement of the train is depicted in the figure belo

north

(5.3;12.9) AT
’;

213 g(553,12.9)
7 /:;;
> =, east

AF. (40,0

ote that the net displacement A7 is found by adding A7, Ar, and Az, vectorially.

6. o0emphasi e the fact that the velocity is a function of time e adopt the notation v ¢
for dx dt.

a uation 4 10 leads to

Vit =% 3.004i —4.00/ 2.00k = 3.00msi— 800ms?¢

b valuating this result at = 2.00 s produces v = 3.00i — 16.0 ms.

¢ hespeedats=2.00sis v =17:\/ 3.00ms*+ -16.0ms ?=16.3ms.

d heangle of v at that moment is

tan™ [%j =-79.4° or 101°
00ms

here e choose the first possibility 79.4 measured clockwise from the x direction or
281 counterclock ise from x since the signs of the components imply the vector is in
the fourth uadrant.

7. sing .43and .48 ehave

5, = -2.0i 80 —2.0k TO—S 50i -6.0 20k m _ _0.70] 140 — 0.40k ms.

8. ur coordinate system has i pointed east and ) pointed north. he first displacement
is 7, = 483 km i and the second is 7,. = —966 km .
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a he net displacement is

Foo =Fpp+75 = 483 km i— 966 km

hich yields 7,. =. 483 km 2+ —966 km 2 =1.08x10® km.

b he angle is given by

e observe that the angle can be alternatively e pressed as 63.4 south of east or 26.6
east of south.

¢ ividing the magnitude of 7,. by the total time 2.25h gives

Gy =283 kM 1= 966 kM __ 515y hi- 420 kmh
2.25h

ith a magnitude v, :\/ 215km h >+ —429 km h ? =480 km h.

d he direction of v,  is 26.6 east of south same as in part b . n magnitude angle
notation e ould have v, = 480 km h £ -63.4°.

e ssuming the 4B trip as a straight one and similarly for the BC trip then 7,, isthe
distance traveled during the 4B trip and 7,. is the distance traveled during the BC trip.
ince the average speed is the total distance divided by the total time ite uals

483 km + 966 km
2.25h

=644 km h.

9. he x,y coordinates in meters of the pointsare 4 = 15 -15 B= 30 45 C= 20
-15 and D = 45 45. he respective timesares, =0 73 =300s 7 =600s and 7, =

900 s.  verage velocity is defined by .4 8. ach displacement Ar is understood to
originate at point 4.

a he average velocity having the least magnitude 5.0 m 600 s is for the displacement

ending at point C v, =0.0083 ms.

av(

b he direction of v, is 0° measured counterclock ise fromthe xa is.
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c he average velocity having the greatest magnitude \/’15 m?+ 30m? 300s is
for the displacement ending at point B v, =0.11m s.

d he direction of v, is 297° counterclock ise from x or -63° hich is
e uivalent to measuring 63° clockwise fromthe xa is .

10. e differentiate 7 =5.00¢1+ er+ f1* .

a The particle’s motion is indicated by the derivative of ¥ v =5.00 i e 2ft
he angle of its direction of motion is conse uently

O=tan'v, v, =tan' e 2ft 5.00.
he graph indicates &, = 35.0° hich determines the parameter e
e= 5.00ms tan 35.0° =3.50 ms.

b enote from the graph that #=0 hen¢=14.0s. hus e 2ft =0 at that time.
his determines the parameter f

_—e -35ms

- =-0.125m s2.
2t 214.0s

f

11. nparts b and ¢ euse .410and .416. orpart d e find the direction
of the velocity computed in part b since that represents the asked for tangent line.

a lugging into the given e pression e obtain
Pl 0= 2008 -5002 i 6.00-7.0016 = 6.00i — 106 m
b aking the derivative of the given e pression produces
vt = 600 —500 i-280°"

here e have rittenv ¢ to emphasi e its dependence on time. his becomes at
1=2.00s v= 19.0i — 224" ms.

¢ ifferentiating the v # found above ith respect to ¢ produces 12.071—84.0¢%"
hich yields & = 24.0i—336 ms? at7=2.00s.

d heangle of v measured from x is either
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tan™ [%j __85.2° or 94.8°
. S

here e settle on the first choice —85.2 hich is e uivalent to 275 measured
counterclock ise from the x a is since the signs of its components imply that it is in
the fourth uadrant.

12. e adopt a coordinate system ith i pointed east and ~ pointed north the

coordinate origin is the flagpole. We “translate” the given information into unit vector
notation as follo s

=400mi and v.= ~10.0ms”
400m and v=100ms i

a sing .4 2 thedisplacement A7 is

AF=F—F = —40.0mi+ 40.0m~

ith a magnitude A7 :\/ —~40.0m *+ 40.0 m * =56.6 m.

b hedirection of A7 is

6=tan™ &y =tan 40.0m =-45.0° or 135°.
Ax —40.0m

ince the desired angle is in the second uadrant e pick 135° 45° north of due est .
ote that the displacement can be ritten as A7 =7 — 7, = (56.6 £135°)in terms of the
magnitude angle notation.

¢ he magnitude of v, is simply the magnitude of the displacement divided by the
time Ar=30.0s. hus the average velocity has magnitude 56.6m 30.0s =1.89 ms.

d  uation 4 8 sho s that v, points in the same direction as A7 that is 135° 45°
north of due est .

e sing .415 ehave

lipg =~ ;;’0 = 0333ms i+ 0333ms’ .

he magnitude of the average acceleration vector is therefore e ual to
d,, =+ 0.333ms? 2+ 0.333ms? 2 =0471ms?.

avg
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f hedirectionof a,,, is

2
eztan-l(%]ﬂ? or —135°.
. ms

ince the desired angle is no in the first uadrant e choose 45° and a,, points
north of due east.

13. THINK no ing the position of a particle as function of time allo s us to calculate
its corresponding velocity and acceleration by taking time derivatives.

EXPRESS rom the position vector  # the velocity and acceleration of the particle
can be found by differentiating » ¢ ith respect to time

. dF . dv dF
vV=—" a=—=

dt dr di?’

ANALYZE a aking the derivative of the position vector 7 r =1+ 42 +7k ith
respecttotime ehave in  units ms

\7=§ | +4:2 11tk =8¢ + k.

b aking another derivative ith respect to time leads to in  units m s

=9 e 1 k-8
dt

LEARN he particle undergoes constant acceleration in the y direction. his can be
seen by noting that the y component of # 7 is47 hichis uadratic in .

14. euse .4 15 ith v, designating the initial velocity and v, designating the later
one.

a heaverage acceleration during the Ar = 4 s interval is

5avg: —-2.0i—-20 50k m4s— 40i—-22 30k ms: 15ms? i+ 05ms? K.
S

b he magnitude of d,, is \/ ~1.5ms? 2+ 05ms’ > =1.6m s>,

c tsangle inthe xz plane measured from the xa is is one of these possibilities
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2
tan™* (%) —-18° or 162°
—l1.oms

here e settle on the second choice since the signs of its components imply that it is in
the second uadrant.

15. THINK Given the initial velocity and acceleration of a particle, we’re interested in
finding its velocity and position at a later time.

EXPRESS ince the acceleration d=a,i+a, = -1.0m s> i+ -0.50m s>~ s

constant in both x and y directions e may use able 2 1 for the motion along each
direction. his can be handled individually for x and y or together ith the unit vector
notation for Ar .

ince the particle started at the origin the coordinates of the particle at any time ¢ are

given by 7 =v,z+1ar*. he velocity of the particle at any time  is given by v =, +ar
here v, is the initial velocity and & is the constant acceleration. long the x direction
e have

1
Xt =v0xt+§axt2 vt =v, +at

imilarly along the y direction e get
1
yit =v0yt+§ayt v, L =v,, taf.

Known v, =3.0ms v, =0 a, =-1.0m s a,=-0.5m s,
ANALYZE a ubstituting the values given the components of the velocity are

v.t =v, +at=3.0ms —1.0ms*¢
v, t =v,, +at=—0.50m s’ ¢

hen the particle reaches its ma imum x coordinate at r = #,, e must have v, = 0.
herefore 3.0-1.0z,,=0o0rz,=3.0s. heycomponent of the velocity at this time is

v t=3.0s =—0.50ms*> 3.0 =-1.5ms

y

hus ¥ = —1.5ms .

b tzr=3.0s the components of the position are
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xt=3.0s :v0xl+%ax12: 3.0ms 3.0s +% ~1.0ms* 3.0s*=4.5m

yt=3.0s =v0yz+%ay12 :0+% -0.5ms? 3.0s*=-2.25m

sing unit vector notation the results can be rittenas 7, = 450 m i— 2.25m .

LEARN he motion of the particle in this problem is t o dimensional and the
kinematics in the x and y directions can be analy ed separately.

16. e makeuse of .4 16.

a he acceleration as a function of time is

_._d\—/‘_ d 2\ 7% ~\ 2
a—g—z((6.0t—4.0t )i 807)=(6.0-8.0)i
in units.  pecifically e find the acceleration vector at r=3.0s to be

(60-8.03.0)i= -18ms’ i.

b hee uationis a=(60-80r)i=0 efinds=0.75s.

c ince the y component of the velocity v, =8.0 ms is never ero the velocity cannot
vanish.

d ince speed is the magnitude of the velocity e have

v=v :\/(G.Ot—4.012)2 +(8.0)° =10

in units ms. osolvefors efirsts uare both sides of the above e uation follo ed
by some rearrangement

2\? 2\2
(6.0—4.0/*) +64 =100 = (6.0/—4.0/°) =36
aking the s uare root of the ne e pression and making further simplification lead to

6.0t— 4.0 =+6.0 = 4.0°-6.0:+6.0=0

inally using the uadratic formula e obtain
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l 6.0+/36-4(4.0)(£6.0)
- 2(8.0)
here the re uirement of a real positive result leads to the uni ueans er r=2.2s.
17. e find ¢ by applying . 2 11 to motion along the y a is  ith v, = 0 characteri ing
YV =Yma
0=12ms -20ms’t = ¢=6.0s.
hen .2 11 applies to motion along the x a is to determine the ans er

v,= 80ms 40ms? 6.0s =32ms.

herefore the velocity of the cart henitreachesy = yma IS 32ms i.

18. e find ¢ by solving Ax = x, +v0xt+%axt2

12.0m=0+ 4.00m s z+% 5.00 m s? #2

here e haveused Ax=12.0m v, =4.00ms and a,=5.00 ms?. eusethe uadratic
formula and find # = 1.53 s. hen . 211 actually its analog in t o dimensions
applies ith this value of z.  herefore its velocity hen Ax =12.00 m is

v=v,+ar= 400msi+ 500ms® 153si+ 7.00ms® 153s’
= 11.7ms i+ 10.7ms .

hus the magnitude of vis v =\/ 11.7ms ?+ 10.7ms *> =158 ms.

b heangle of v measured from x is

tan 10.7ms
11.7ms

j: 42.6°.

19. emakeuseof .416and .4 10.

sing a=31+4/ ehave inms
Vo =v,+[ ddt=5001+2.00" +[ 3ri+4 dt=(5.00+3" 2)i+(2.00+2:*)

ntegrating using . 4 10 then yields in meters
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Fit =i+ | vdt=20.01+40.0" +[ 5.00+3 2 i+ 2.00+2¢ " dt

20.0i+40.0° + 5.00/+7# 2 i+ 2.00r+243 "
— 20.0+5.00/+7# 2 i+ 40.0+2.00r+233 "

a tr=400s ehave7¢=4.00s =72.0mi+ 90.7m .

b v7=4.00s = 29.0msi+ 34.0ms . hus the angle bet een the direction of
travel and x measured counterclock ise is #=tan™ 34.0ms 29.0ms =49.5°.

20. he acceleration is constant so that use of able 2 1 for both the x and y motions is
permitted.  here units are not sho n units are to be understood. ollision bet een
particles 4 and B re uirest o things. irst the y motion of B must satisfy using .2 15
and noting that &1is measured from the y a is

_ 1 2 _ 1 2 2
y—ant = 30m—5[0.40ms cos@]t.
econd the x motions of 4 and B must coincide
1 2 1 2 H 2
vi=Zas® = 30msi==| 040ms’ sing |,
2 2

e eliminate a factor of 7 in the last relationship and formally solve for time

2v 230ms

a4 040ms2 sind

X

his is then plugged into the previous e uation to produce

2
30m:£[0.40ms2 cos 6 | 23.0r2ns_
2 0.40ms” sin @

hich ith the use of sin? =1 — cos® @ simplifies to

9.0 cosé@ 2 9.0
= >— = 1-c08" 0= ————
0.20 1—-cos® 8 (0.20)(30)

Cos 6.

e use the uadratic formula choosing the positive root to solve for cos &

~1.5+,[1.5° - 4(1.0)(-1.0) 1

2 2

CoS =
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hich yields # = cos™ [%) =60°.

21. e adopt the positive direction choices used in the te tbook so that e uations such as
. 4 22 are directly applicable. he initial velocity is hori ontal so that v, =0 and

Vo, =V, =10 m/s.

(a) With the origin at the initial point (where the dart leaves the thrower’s hand), the y
coordinate of the dart is given by y=-1gr* so that ith y = -PO e have

PO=1(9.8ms”)(0.195)" =0.18 m.
b romx=ws eobtainx= 10ms 0.19s =1.9m.

22. e adopt the positive direction choices used in the te tbook so that e uations such as
.4 22 are directly applicable.

a ith the origin at the initial point edge of table the y coordinate of the ball is given

by y=—1gt*. fristhe time of flight and y = -1.20 m indicates the level at hich the
ball hits the floor then
2(-1.20m
t= —( 2) =0.495s.
-9.80ms

A

b he initial hori ontal velocity of the ball is v=v,i. ince x = 1.52 m is the
hori ontal position of its impact point ith the floor e have x =vy. hus

_x 1.52m

Vo=—= =3.07ms.
t 0.495s

23. a rom .422 ith =0 thetime of flightis

(= 2h_ [2250M 56
g 9.80ms

b hehori ontal distance traveled is givenby .4 21

Ax=vt= 250ms 3.03s =758 m.
¢ ndfrom .423 efind

v,|=gt=980ms* 3.03s =29.7 ms.
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24. euse .426

2 2 (950ms)°
R.. =| Y sin 20, :"—0:%:9.209 m~9.21m
g . g 980ms

to compare ith o ell’s long jump; the difference from Ry, is only AR =9.21m —
8.95m =0.259 m.

25. sing . 4 26 the take off speed of the umper is

L, _ | &R _ 9.80ms® 77.0m _431ms
° y\sin2e, sin2 12.0° '

26. e adopt the positive direction choices used in the te tbook so that e uations such as
. 4 22 are directly applicable. The coordinate origin is the throwing point (the stone’s
initial position . he x component of its initial velocity is given by v, = v, cosé, and the

y component is given by v, =v,sing, here vo = 20 m s is the initial speed and 6o =

40.0 is the launch angle.
a tr=1.10s itsx coordinate is

x=v,t c0s G, =(200m s)(1105)cos40.0°=16.9 m

b tsy coordinate at that instant is
y=v,tsin 6, — %gtz = (20.0m s)(1.10s)sin 40.0° — % (9.80m sz)(l.los)2 =8.21m.

c t#=1.80s itsxcoordinate isx = (200 m s)(180s)cos40.0° =27.6 m.

d tsycoordinate at ¢ is
y=(20.0m s)(1.80s)sin 40.0° - % (9.80ms*) (1.80s) = 7.26m.

e he stone hits the ground earlier than # = 5.0 s. o find the time hen it hits the
ground solve y =v,sin g, —1gt* =0 forz. e find

2(200m )

2

tzﬁsineoz
g 98m s

sin40°=2.62s.
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ts x coordinate on landing is

x = vyt €0s G, =(20.0 m 5)(2.62 s) cos 40° =40.2 m.

f ssuming it stays here it lands its vertical componentat 7 =5.00sisy =0.

27. e adopt the positive direction choices used in the te tbook so that e uations such as
. 4 22 are directly applicable. he coordinate origin is at ground level directly belo
the release point. e rite & =-30.0 since the angle sho n in the figure is measured
clockwise from horizontal. We note that the initial speed of the decoy is the plane’s speed
at the moment of release vo =290 kmh hich econvertto units 290 1000 3600

=80.6 ms.

a euse .4 12tosolve for the time

700 m

80.6 ms cos —30.0°

Ax= v,C080, t = t

b nd euse .4 22tosolve forthe initial height yo
H 1 2 1 2 2
Y=Yy= V,SIn6, I—Egt = 0-y),= 403 ms 10.0s ~5 9.80 ms® 10.0s

hich yields y, = 897 m.

28. a sing the same coordinate system assumed in .4 22 esolvefory=~a
: 1,
h=y, +v,sinG,t — Egt

hich yields #=51.8 mfory; =0 vz=420ms & =60.0 and7=5.50s.

b he hori ontal motion is steady so v, = vo, = v COS & but the vertical component of
velocity varies accordingto .4 23. hus the speed at impact is

v=\/(v0cosé?0)2 + (vsing, — gt)’ =27.4 mss.
c euse .424 ithy,=0andy=H

. 2
H:M:GY.S m.
2g
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29. e adopt the positive direction choices used in the te tbook so that e uations such as

. 4 22 are directly applicable. he coordinate origin is at its initial position  here it is
launched . tma imum height e observe v, = 0 and denote v, = v  hich is also e ual
to vo, . N this notation e have v, =5v. et e observe voCosS & = vo, = v SO that e

arrive at an e uation here v=0 cancels hich can be solved for &,
4(1
Sv cosg,=v = @, =cos £ =78.5°

30. Ithough e could use .4 26 to find here it lands e choose instead to ork
ith  .421and .4 22 for the soccer ball since these ill give information about
here and when and these are also considered more fundamental than . 4 26. ith Ay

=0 ehave

_19.5ms sin45.0°

] 1
Ay= v .Sin@, —=gt* = t= =2.81s.
RGP 080ms’ 2

hen .4 21 yields Ax = vy cos & ¢t =38.7m. hus using .48 the player must
have an average velocity of

. AF 387mi-5mi .
Vag =7, = =-58ms i
At 2.81s

hich means his average speed assuming he ran in only one direction is 5.8 ms.

31. e first find the time it takes for the volleyball to hit the ground. sing .422 e
have

Y=y, = v,8iné, t—%gtz = 0-230m= -20.0ms sin 18.0° t—% 9.80 ms® #°

hich gives r=0.30s. hus the range of the volleyball is
R=(v,c086,)t= 20.0ms co0s18.0° 0.30s =5.71m

n the other hand  hen the angle is changed to 6, =8.00° using the same procedure as
sho nabove e find

Y=Y, = V,Siné t'—%gt'z = 0-2.30m= -20.0 ms sin 8.00° t'—% 9.80 ms® ¢

hich yields #'=0.46s and the range is

R'=(v,c0s6,)r'= 20.0 ms co0s18.0° 0.46s =9.06 m
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hus the ball travels an e tra distance of
AR=R —R=9.06 m-—571m=3.35m

32. e adopt the positive direction choices used in the te tbook so that e uations such as

. 4 22 are directly applicable. he coordinate origin is at the release point the initial
position for the ball as it begins pro ectile motion in the sense of 45 and e let & be
the angle of thro  sho nin the figure . ince the hori ontal component of the velocity
of the ball is v, = vy cos 40.0 the time it takes for the ball to hit the all is

A_ 220m 5
v.  25.0ms cos40.0°

a he vertical distance is
Ay = v,sing, t—%gtz = 25.0ms sin40.0° 1.15s —% 9.80 ms® 1.15s *=12.0 m.

b he hori ontal component of the velocity hen it strikes the all does not change
from its initial value v, =vpc0s40.0 =19.2ms.

c he vertical component becomes using .4 23
v, =v,sing,—gt= 25.0ms sin40.0°—~ 9.80 ms® 1.15s =4.80 ms.

d incev, 0 hen theball hitsthe all it has not reached the highest point yet.

33. THINK This problem deals with projectile motion. We’re interested in the horizontal
displacement and velocity of the pro ectile before it strikes the ground.

EXPRESS e adopt the positive direction y
choices used in the te tbook so that e uations such A
as .4 22 are directly applicable. he coordinate
origin is at ground level directly belo the release
point. e rite & =-37.0 for the angle measured
from x since the angle ¢, =53.0°given in the
problem is measured from the —y direction. he

initial setup of the problem is sho n in the figure
to the right not to scale .

»
L

(15, 0)
ANALYZE (a) The initial speed of the projectile is the plane’s speed at the moment of
release. iventhat y, =730 mandy=0at r=5.00s euse .4 22tofind v
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Y=y, = V,Siné, t—%gtz = 0-730 m=y,sin -37.0° 5.00s —% 9.80 ms* 5.00s ?

hich yields vo =202 m s.
b hehori ontal distance traveled is

R=vit= v,cosf,t= 202m s cos -37.0° 5.00s =806 m.
¢ hex component of the velocity ust before impact is

v, =v,c086,= 202m s cos -37.0° =161ms.
d he y component of the velocity ust before impact is
v, =1,sing,—gr= 202m s sin —-37.0° — 9.80m s* 5.00s =—171ms.

LEARN n this pro ectile problem e analy ed the kinematics in the vertical and
hori ontal directions separately since they do not affect each other. he x component of
the velocity v_=v,c0s6,, remains unchanged throughout since there’s no horizontal

acceleration.

34. a ince the y component of the velocity of the stone at the top of its path is ero its
speed is

v= v +v? =v =y cos6, = 28.0ms c0s40.0°=21.4ms.

b sing the fact that v =0 atthe ma imum height y . the amount of time it takes for
the stone to reach y,,, isgivenby .4 23

_ % Sing,

O=v, =vysing,—gt =1t p

ubstituting the above e pressioninto .4 22 e find the ma imum height to be

2
: 1 : sing, | 1 sing 2sin® @
VYo = V,8ING, t—=gt> =v,siné, Y030% | 2ol 22| T 2,
2 2 g 2g
o find the time the stone descendsto y=y,, 2 e solve the uadratic e uation given
in .422

1 2 sin? . 1 2++/2 v, sin

2°™ 4g 2 2g
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hoosing #=¢, for descending e have
v, =V,€086, = 28.0ms cos40.0°=21.4ms
v, =y, sing, —g 2+\/§2V03m % _ _gvosin 0, = _% 28.0 ms sin40.0°=-12.7ms
g

hus the speed of the stone hen y=y,. 2is

v=[vi+v =\/ 214ms?+ —127ms*=249ms.
c he percentage difference is

249 ms—-214ms

=0.163=16.3
214 ms

35. THINK This problem deals with projectile motion of a bullet. We’re interested in the
firing angle that allo s the bullet to strike a target at some distance a ay.

EXPRESS e adopt the positive direction choices used in the te thook so that e uations
such as . 4 22 are directly applicable. he coordinate origin is at the end of the rifle
the initial point for the bullet as it begins pro ectile motion in the senseof 45 and e

let & be the firing angle. f the target is a distance 4 a ay then its coordinates are x = d,
y=0.

> X
(d, 0)
he pro ectile motion e uations lead to

d= v,c080, t O:votsineo—%gt2

here 4, is the firing angle. he setup of the problem is sho n in the figure above scale
e aggerated .

ANALYZE he time at hich the bullet strikes the target is given by r=d v, coség, .
liminating ¢ leads to 2v;sin®,cosé, —gd=0. sing sing,cosd, = 1sin(26,) e
obtain
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2
VgSin 290 :gd = Sin 200 :g_?l: 9.80ms 4527 m
Vo 460 ms

hich yields sin 26, =2.11x10° or & = 0.0606 . f the gun is aimed at a point a
distance ¢ above the target then tan 6, = ¢/d so that

(=dtang, = 45.7 m tan 0.0606° =0.0484 m=4.84 cm.

LEARN uetothe do n ard gravitational acceleration in order for the bullet to strike
the target the gun must be aimed at a point slightly above the target.

36. e adopt the positive direction choices used in the te tbook so that e uations such as
. 4 22 are directly applicable. he coordinate origin is at ground level directly belo
the point here the ball as hit by the rac uet.

a e anttokno ho high the ball is above the court hen itisat x=12.0m. irst
. 4 21 tells us the time it is over the fence

X 12.0m

= = o = 0.508 S.
v, €058, (23.6ms)cos0

t

t this moment the ball is at a height above the court of
. 1,
y=y,+ (vysin ) 1— Egt —1.10m

hich implies it does indeed clear the 0.90 m high fence.

b t#=0.508s the center of the ball is 1.10 m —0.90 m = 0.20 m above the net.

C epeating the computation in part a ith & = -5.0 results in # = 0.510 s and
y=0.040 m hich clearly indicates that it cannot clear the net.

d n the situation discussed in part ¢ the distance bet een the top of the net and the
center of the ball at # = 0.510 s is 0.90 m — 0.040 m = 0.86 m.

37. THINK he tra ectory of the diver is a pro ectile motion. e are interested in the
displacement of the diver at a later time.

EXPRESS he initial velocity has no vertical component 6,=0 but only an x
component.  s.4 21 and 4 22 can be simplified to

forum.konkur.in



www.konkur.in

143

X—Xq =V, 1t
vy t—tg = —Lgp
y yO 0y 2g 2g .
here x,=0 v, =v,=+2.0m s and yo = 10.0 m taking the ater surface to be at

y=0 . he setup of the problem is sho n in the figure belo .
Y

A vo
(anO)'

water surface

R0
ANALYZE a t+=0.80s the hori ontal distance of the diver from the edge is

x=x,+v, =0+ 2.0ms 0.80s =1.60 m.

b imilarly using the second e uation for the vertical motion e obtain
1 2 1 2 2
yZJ’o—ng =10.0 m—E 9.80m s 0.80s “=6.86 m.

c t the instant the diver strikes the ater surface y = 0. olving for ¢ using the
e uationy =y, —1 g’ =0 leads to

(= |2 =\/2 100m _) 43,
g 9.80m s

uring this time the x displacement of the diverisR=x= 2.00ms 1.43s =2.86 m.

LEARN sing .425 ith §, =0 the tra ectory of the diver can also be ritten as

2
_., 8
Y=W ng

art ¢ can also be solved by using this e uation

2 2 2
y:yo—g—xz=0 e y_ R 2v0y0= 22.0ms 19.0m _286mm.
2v; g 9.8m s
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38. n this pro ectile motion problem e have vy = v, = constant and hat is plotted is

v=?+v2.  einfer from the plotthatats=25s the ball reaches its ma imum height
here v, = 0. herefore e infer from the graph that v, =19 m s.

a uring7=5s the hori ontal motion is x —xop = v, =95 m.

b ince \f19 ms ?+ v, =31 ms the first point on the graph e find v,, =245 ms.
hus ith7=25s ecanuse y, —y,=v,/—1gr’orv’ =0=v,> =28(Vma —¥o) OF

Voa — Vo :%(vy+v0 )z tosolve. ere e ill use the latter
}

Yma —;Vo=% V.tV 1= Vi =% 0+245ms 25s =31m

here e have taken yo = 0 as the ground level.
39. ollo ingthe hint e have the time reversed problem ith the ball thro n from the
ground to ard the right at 60 measured counterclock ise from a right ard a is. e
see in this time reversed situation that it is convenient to use the familiar coordinate
system ith x as rightward and ith positive angles measured counterclock ise.
a hexe uation ithxp=0andx=25.0m leadsto
25.0m= vyc0s60.0 1.50s

so that v = 33.3 ms. nd ithyy =0 and y =h Oatsr=150s e have
Y=Yy =Vo,f —3gt° herevy,=sin60.0 . his leads to =323 m.

b ehave
vy =vo, = 33.3ms cos60.0 =16.7ms
v, = v, —gt= 33.3mssin60.0 — 9.80ms”® 1.50s =14.2ms.

he magnitude of v is given by

b=+ =/16.7ms?+ 142ms?=21.9ms.
¢ heangleis

% 16.7m s

X

6= tanl[v—yJ =tan™ (wJ =40.4°.

d We interpret this result (“undoing” the time reversal as an initial velocity from the
edge of the building of magnitude 21.9 ms ith angle do nfrom left ard of 40.4 .
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40. a olving the uadratice uation .4 22

y—y,= v,8iné, t—%gtz = 0-2.160 m= 15.00 m s sin 45.00° t—% 9.800 m s* #*

the total travel time of the shot in the air is found to be r=2.352s. herefore the
hori ontal distance traveled is

R=(v,c0s6,)t = 15.00 ms cos45.00° 2.352s =24.95m.

b sing the procedure outlined in a but for g, =42.00° e have

Y=y, = V,Siné, t—%gtz = 0-2.160 m= 15.00 ms sin 42.00° t—% 9.800 m s* #*

and the total travel time is ¢=2.245s. his gives
R=(v,c0s6,)t = 15.00 ms cos42.00° 2.245s =25.02m.

41. iththe rcher fish set to be at the origin the position of the insect is given by x y
here x=R 2=vsin2¢, 2g and y corresponds to the ma imum height of the
parabolic tra ectory y =y, =vsin’g, 2g. romthe figure e have
y_vgsinzﬁo 2g 1

tang==-=———"—=>=—tané
¢ x Visin29, 2¢ 2 °

iven that ¢ =36.0° e find the launch angle to be
g, =tan™*(2tang)=tan*(2tan36.0°)=tan*(1.453) =55.46°~55.5°.
ote that 4, depends only on ¢ and is independent of 4.
42. a sing the fact that the person as the pro ectile reaches the ma imum height over

the middle heel located at x=23m+ 23 2 m=345m e can deduce the initial
launch speed from .4 26

R v;sin26,

2
= v, = -2gx _ 29.8_ms 345m _265ms.
2 2g sin 26, sin 2-53°

X=—

pon substituting the valueto .4 25 e obtain
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2 , )
y=yo+xtan00_L=3_0m+ 23 M tan53° — 9.8ms’> 23m

= 5 > =23.3m.
2v; cos” 6, 226.5ms “ cos53°

ince the height of the heel is 4, =18 m the clearance over the first heel is
Ay=y—h,=233m-18 m=53m.
b he height of the person hen he is directly above the second heel can be found by

solving . 4 24. ith the second heel located at x=23m+ 23 2 m=345m e
have

2 2 2
y:y0+xtan00—%:3.0 m+ 345m tan53° - 2oMS ?4.5m >
2v; cos” 6, 226.52ms “ cos53°

=259 m.

herefore the clearance over the second heel is Ay=y—#A,=259m-18 m=7.9m.

c he location of the center of the net is given by

2 2 i 2 o o
0=y—y,=xtan 6, - ngz - x=v05|n2¢90= 26.52ms 3|r212 53 _69m
2v; cos” 4, g 9.8ms

43. e designate the given velocity v= 7.6..si+ 6.1ms  as v, as opposed to the
velocity hen it reaches the ma height v, or the velocity hen it returns to the ground
v, and take v, as the launch velocity as usual. he origin is at its launch point on the

ground.

a ifferent approaches are available but since it ill be useful for the rest of the
problem to first find the initial y velocity thatisho e ill proceed. sing .2 16

e have
Vi, =V, —2gAy = 61ms’=y; —298ms* 9.1m

hich yields vo,, = 14.7 ms. no ing thatv,, muste ual 0 ewuse .2 16 again but
no ith Ay = A for the ma imum height

vzzy:vgy—Zgh = 0=147ms?*-298ms’ h

hich yields 2 =11 m.

b ecalling the derivation of .4 26 but using vo, for vo sin & and vy, for vy cos &
e have

Ozvoyt—%gt2 R=v, t

forum.konkur.in



www.konkur.in

147

hich leads to R =2v, v, , g. oting that vo, = vi, = 7.6 ms e plug in values and

obtain
R=276ms 147ms 98ms? =23m.

C incevy=vy=76msandvy,=—v,=-147ms e have

vy= V2 +vE = 7.6ms 2+ 147 ms =17 ms.

d heangle measured from hori ontal for v, is one of these possibilities

tan‘l(_;‘;&J=—63° or 117°
.om

here e settle on the first choice —63  hich is e uivalent to 297 since the signs of
its components imply that it is in the fourth uadrant.

44. e adopt the positive direction choices used in the te tbook so that e uations such as
. 4 22 are directly applicable. he initial velocity is hori ontal so that v, = 0 and

Vo, =V, =161 km/h. onvertingto  units thisis vo =44.7 ms.

a ith the origin at the initial point (where the ball leaves the pitcher’s hand), the y
coordinate of the ball is given by y =—2gr* and the x coordinate is given by x = vor.

rom the latter e uation e have a simple proportionality bet een hori ontal distance
and time hich means the time to travel half the total distance is half the total time.
pecifically ifx=18.32m thensr= 1832m 447ms =0.205s.

b nd the time to travel the ne t 18.3 2 m must also be 0.205 s. t can be useful to rite
the hori ontal e uation as Ax = vAr in order that this result can be seen more clearly.

c sing the e uation y=-1gs® e see that the ball has reached the height of
~1(9.80ms*)(0.205s)" =0.205 mat the moment the ball is half ay to the batter.

(d) The ball’s height when it reaches the batter is —1(9.80 ms*)(0.4095s)” =-0.820m

hich  hen subtracted from the previous result implies it has fallen another 0.615 m.

ince the value of y is not simply proportional to # e do not e pect e ual time intervals
to correspond to e ual height changes in a physical sense this is due to the fact that the
initial y velocity for the first half of the motion is not the same as the “initial” y velocity
for the second half of the motion.
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d _
d -
coordinate origin at the point of launch and use .4 25. hus

45. a etm= 0.600 be the slope of the ramp so y = mx there. e choose our

2 2
=tan 50.0° y— >80 MS” ¥ — 0.600x

210.0ms ? cos50.0° ?

hich yields x =4.99 m.  his is less than d; so the ball does land on the ramp.

b sing the value of x found inpart a eobtainy =mx=2.99m. hus the
ythagorean theorem yields a displacement magnitude of \[x* ,? =5.82 m.

¢ heangleis of course the angle of the ramp tan™* m =31.0.

46. sing the factthat v, =0 hen the player is at the ma imum height y,_, the amount
of time it takes to reach y,, can be solved by using .4 23

: v, SiN 6,
O=v,=vy,sing,—gt =1, :T'

ubstituting the above e pressioninto .4 22 e find the ma imum height to be

vosineoj 1 (vosin 6, jz _vsin®,

. 1 .
Ve = VoSING, t. —=gt’ =v05|n¢90( -~g
2 g 2g

2

o find the time hen the playerisat y=y,., 2 esolvethe uadratic e uation given
in .422
2sin’ . 2++/2 v sin
yzlyma _%sin"6 _ v, Sin g, t—lgt2 = t, = \/_VOSI 90.
2 4g 2 B 2g

ith =7 for ascending the amount of time the player spends at a height y>y, ., 2

IS
A=t _ti:vosmeo_ 2-\2 v, Sin 6, :vosmeo _ g N ﬂzi:OJO?.
g 2g Jog N2 Tt 2

herefore the player spends about 70.7  of the time in the upper half of the ump. ote
that the ratio Az ¢, is independent of v, and 6, even though Az and 7., depend on

these uantities.

47. THINK he baseball undergoes projectile motion after being hit by the batter. We’d
like to kno if the ball clears a high fence at some distance a ay.
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EXPRESS e adopt the positive direction choices used in the te tbook so that e uations
suchas .4 22 are directly applicable. he coordinate origin is at ground level directly
belo impact point bet een bat and ball. n the absence of a fence ith g, =45° the

hori ontal range same launch level is R=107 m. e anttokno ho high the ball
is from the ground henitisat xX’=97.5m hich re uires kno ing the initial velocity.
he tra ectory of the baseball can be described by . 4 25

he setup of the problem is sho n in the figure belo  not to scale .

¥(m)

fence » x(m)

ANALYZE a e first solve for the initial speed vo. sing the range information
y=y, henx=R and & =45 .4 25 gives

e (9.8msz)(107m)_324ms
°ysin20, sin 2-45° ST

hus the time at hich the ball flies over the fence is

x' 97.5m

= =4.26s.
v, C0s @, (32.4m s)cos 45°

x'=vy,c080,t" = =

t this moment the ball is at a height above the ground of

V=, +(v0 sin Ho)t'—%gt'z

=1.22m+ 32.4m s sin45° 4.26s —% 9.8m s® 4.26s°?
=9.88m

hich implies it does indeed clear the 7.32 m high fence.

b t#=4.26s the center of the ball is 9.88 m —7.32 m = 2.56 m above the fence.
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LEARN sing the tra ectory e uation above one can sho that the minimum initial

velocity re uired to clear the fence is given by
12

' ' X

—y,= tan@, x' - —=———
L °7  2vy,c0s86,
or about 31.9 m s.

48. ollo ing the hint e have the time reversed problem ith the ball thro n from the
roof to ard the left at 60 measured clock ise from a left ard a is. e see in this
time reversed situation that it is convenient to take x as leftward ith positive angles
measured clock ise. engths are in meters and time is in seconds.

a ithy=200m and y=0ats=4.00s e have y—y, =v0yt—%gt2 here
Vo, =V SiN60°.  his leads to vo = 16.9 ms. his plugs into the x e uation x—x, =v,
ith xo =0and x =d to produce

d= 169mscos60 4.00s =33.7m.
b ehave
v.=v, = 16.9ms c0s60.0°=8.43ms

v, =v,, —gt=16.9ms sin60.0°~ 9.80ms* 4.00s =—-24.6 ms.

he magnitude of vis v =\/vf+v§ -843ms?+ —246ms2=26.0ms.

¢ heangle relative to hori ontal is

o=tan| 2 |=tan —24.6ms =-71.1°.
% 8.43m s

X

e may convert the result from rectangular components to magnitude angle
representation
v= 843 -246 — 26.0~-711°

and we now interpret our result (“undoing” the time reversal) as an initial velocity of
magnitude 26.0 ms ith angle up fromright ard of 71.1 .

49. THINK n this problem a football is given an initial speed and it undergoes pro ectile
motion. We’d like to know the smallest and greatest angles at which a field goal can be
scored.

EXPRESS e adopt the positive direction choices used in the te tbook so that e uations
such as . 4 22 are directly applicable. he coordinate origin is at the point here the
ball is kicked. e use x and y to denote the coordinates of the ball at the goalpost and try
to find the kicking angle s & so that y =3.44 m hen x =50 m. riting the kinematic
e uations for pro ectile motion
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x=v,€086, y=vgzsin g —Ligr’

e see the first e uation gives 7 = x vy c0S & and hen this is substituted into the second

the result is
2

ox
=xtan g, - —=——.
4 ° 212 cos? 6,

ANALYZE ne may solve the above e uation by trial and error systematically trying
values of & until you find the t o that satisfy the e uation. little manipulation
ho ever ill give an algebraic solution  sing the trigonometric identity

1 cos’h=1 tan’ 4
e obtain
2

1 gx? 1
=& _tan? 6, —xtan G, + y + = =0
2 v, 2 v,

hich is a second order e uation for tan &. o simplify riting the solution e denote

c= %gxz V= %(9.80 ms*)(50 m)° (25ms)° =19.6 m.

hen the second order e uation becomes ¢ tan> & —xtan & y ¢ =0. sing the
uadratic formula e obtain its solution s .

xt\[x*—4(y+c)e  50m+,[50 m?—4(3.44 m+19.6 m)(19.6 m)

tan 6, =
e 2¢ 2(19.6 m)

he t o solutions are given by tané, = 1.95 and tané, = 0.605. he corresponding first
uadrant anglesare &y =63 and =31 . hus

a he smallest elevation angle is ¢y =31 and
b he greatest elevation angle is & =63 .

LEARN f kicked at any angle bet een 31 and 63 the ball ill travel above the cross
bar on the goalposts.

50. eapply .421 .422 and .4 23.

a romAx=v, ¢t efindv, =40m 2s=20 ms.

b romAy=v, r—1gr* efind v, =(53m+1 9.8ms’ 2s?) 2=36ms.
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¢ romv =v, —gt' ith v, =0 as the condition for ma imum height e obtain
y

=36 ms 98 ms® =37s. uring that time the x motion is constant so
X' —xy=20ms 3.7s =74 m.

51. a he skier umps up at an angle of g, =11.3° up from the hori ontal and thus

returns to the launch level ith his velocity vector 11.3° belo the hori ontal. ith the
sno surface making an angle of «=9.0° do n ard ith the hori ontal the angle
bet een the slope and the velocity vector is ¢ =6, —a =11.3°-9.0°=2.3°.

b uppose the skier lands at a distance d do n the slope. sing . 425 ith
x=dcosa and y=—dsina the edge of the track being the origin e have

g dcosa ®

—dsina =dcosa tan 6, — =————.
2v, cos” 6,

olving ford e obtain

2v, cos’ 6 : 2v; c0s 6, : :
d =————2(cosa tan g, +sina ) =————=(cosa sin G, +cosf,sina )
gcos’ gcos’
2v; c0s 0, .
=—2—"Lsinf+a .
gcos’ a

ubstituting the values given e find

d_210ms 2cos 11.3°

5 5 sin 11.3°+9.0° =7.117 m.
9.8 ms° cos® 9.0°

hich gives
y=—dsina=—7.117 m sin 9.0° =-1.11m.

herefore at landing the skier is appro imately 1.1 m belo the launch level.
c he time it takes for the skier to land is

X dcosae  7.117 m cos 9.0 0725,

v, - v, C0S 6, ~ 10ms cos 11.3°

sing .4 23 the x and y components of the velocity at landing are

v, =v,€086,= 10m s cos 11.3° =9.81m s
v,=v,8ing —gt=10m s sin 11.3° — 9.8m s 0.72s =-5.07m s
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hus the direction of travel at landing is

0=tant| 2 |=tan —>.07ms =-27.3°.
v, 9.81m s

or 27.3° below the horizontal. The result implies that the angle between the skier’s path
and the slope is ¢ =27.3°—9.0°=18.3° or appro imately 18° tot o significant figures.

52. rom .421 efindz=x v,,. hen .4 23leadsto

ax

V, =V, —8E=Vy, ——
va

ince the slope of the graph is —0.500 e conclude

—:% = v =19.6 ms.

nd from the “y intercept” of the graph, we find vo, =5.00 m's. onse uently
90 = tal’l_l Voy /VO)C = 14.30 z14°.
53. etyp=ho=1.00matx, =0 henthe ball is hit. ety; =/ the height of the all
and x; describe the point here it first rises above the all one second after being hit
similarly y, = h and x; describe the point here it passes back do n behind the all four
seconds later. nd y,=1.00 mat x,= R is here it is caught. engths are in meters and
time is in seconds.

a eeping in mind that v, is constant e have x, —x; =50.0 m =v;, 400s hich
leads to vi, =12.5ms. hus applied to the full si seconds of motion

Xr—xo=R=v,6.00s =75.0m.
b eapply y—y, =vy,t —%gt2 to the motion above the all

v, =y =0=y (4.00s)- % g(4.00s)°

and obtain vy, = 19.6 ms. ne second earlier using vy, = v, — g1.00 s e find
vo, =29.4 ms. herefore the velocity of the ball ust after being hit is

P=vo1+v, =125ms i+ 294ms
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ts magnitude is v :\} 125ms? 29.4ms?*=31.9ms.

f=tan™ Y =tan! 29.4m s =67.0°.
v, 12.5ms

e interpret this result as a velocity of magnitude 31.9 ms ith angle up from
right ard of 67.0 .

¢ heangleis

d uring the first 1.00 s of motion y =y, +v, ¢ — gt* yields

h=10m+(29.4ms)(1.00s)—4(9.8ms*)(1.00s)" =25.5m.

54, orAy=0 .4 22leads to r = 2v,siné, g hich immediately implies tma = 2vo g
(which occurs for the “straight up” case: ,=90° . hus

1 1 ;
Etma :Vog = E :Slneo.

herefore the half ma imum time flight is at angle &, = 30.0°. ince the least speed
occurs at the top of the tra ectory  hich is here the velocity is simply the x component
of the initial velocity v,c0s8, = v,c0s30° for the half ma imum time flight then e
need to refer to the graph in order to find v, — in order that e may complete the solution.
n the graph e note that the range is 240 m hen &, = 45.0°.  uation 4 26 then leads
tov,=48.5ms. heans eristhus 48.5ms c0s30.0°=42.0ms.

55. THINK n this problem a ball rolls off the top of a stair ay ith an initial speed and
we’d like to know on which step it lands first.

EXPRESS e denote £ as the height of a step and w ‘)i(o, 0 v
as the idth. o hitstep » the ball must fall a distance
nh and travel hori ontally a distance bet een n—1w
and nw. e take the origin of a coordinate system to
be at the point here the ball leaves the top of the
stair ay and e choose the y a is to be positive in the
up ard direction assho n in the figure.

> X
he coordinates of the ball at time ¢ are given by x = vp,zand y = —%gt2 since vo, =0 .

ANALYZE ee uate yto —rh and solve for the time to reach the level of step »
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2nh

g
he x coordinate then is

X=v,, /%: 152ms /M: 0.309 m n.
g 9.8ms

he method is to try values of » until e find one for hich x w is less than » but greater
thann—-1. orn=1 x=0.309 mand x w= 152 hichis greaterthann. orn=2 x=
0.437 mand x w=2.15 hich is also greater than n. orn =3 x=0535mand x w =
2.64. o thisis less than » and greater than » — 1 so the ball hits the third step.

LEARN o check the consistency of our calculation e can substitute » = 3 into the
above e uations. he results are r = 0.353 s y = 0.609 m and x = 0.535 m. his indeed
corresponds to the third step.

56. eapply .4 35tosolve forspeed vand .4 34 to find acceleration a.

a ince the radius of arth is 6.37 x 10° m the radius of the satellite orbit is

r= 6.37x10° 640 x10° m=7.01x 10°m.

herefore the speed of the satellite is

27(7.01x10° m
L2 2 bl ) _749x10°m s.
T  (980min)(60s min)

b he magnitude of the acceleration is

2 (749x10°m s)° ;
a=Y = —-800m <.
r 7.01x10° m

2

57. he magnitude of centripetal acceleration a = v"r and its direction to ard the

center of the circle form the basis of this problem.

a f a passenger at this location e periences d =183 m s° east then the center of the
circle is east of this location. he distance is »=v?* = 3.66ms? 1.83ms? =7.32m.

b hus relative to the center the passenger at that moment is located 7.32 m to ard the
est.
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¢ f the direction of g e perienced by the passenger is no south—indicating that the
center of the merry go round is south of him then relative to the center the passenger at
that moment is located 7.32 m to ard the north.

58. a hecircumferenceisc=2z7=220.15m =0.94 m.

b ith7= 60s 1200 =0.050 s the speedisv=c7T= 0.94m 0.050s =19 ms.
hisis e uivalenttousing .4 35.

¢ he magnitude of the accelerationisa =1+ = 19ms? 0.15m =2.4 x 10° m s

d he period of revolution is 1200 rev min *=8.3 x 10* min  hich becomes in
units 7=0.050 s = 50 ms.

59. a incethe heel completes 5 turns each minute its period is one fifth of a minute
orl2s.

b he magnitude of the centripetal acceleration is given by @ = v* R here R is the
radius of the heel and v is the speed of the passenger. ince the passenger goes a
distance 2zR for each revolution his speed is

27(15m
_2AISm) o s
12s
. . . 785m s)°
and his centripetal acceleration is a = Q =41m .

15m

c hen the passenger is at the highest point his centripetal acceleration is do n ard
to ard the center of the orbit.

d tthelo estpoint the centripetal acceleration isa=4.1m s* same as part b .
e hedirectionisup to ard the center of the orbit.

60. a uring constant speed circular motion the velocity vector is perpendicular to the
acceleration vector at every instant. hus v = a =0.

b heacceleration in this vector at every instant points to ard the center of the circle
hereas the position vector points from the center of the circle to the ob ect in motion.

hus the angle bet een ¥ and & is 180 at every instant so » x a = 0.
61. eapply .4 35tosolveforspeedvand .4 34to find centripetal acceleration a.

av=2mT=2720km 1.0s=126kms=1.3x10°ms.
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b he magnitude of the acceleration is

2 (126 km s)
a=v—=(—)=7.9x105m s,
20 km

c learly both vanda ill increase if T'is reduced.

62. he magnitude of the acceleration is

63. e first note that a; the acceleration at # = 2.00 s is perpendicular to a, the
acceleration at #,=5.00 s by taking their scalar dot product

g-d,= 6.00ms?i 400ms’ - 400ms*i -6.00ms’® =0.

ince the acceleration vectors are in the negative radial directions then the t o
positions at #, and #, are a uarter circle apart or three uarters of a circle depending
on hether one measures clock ise or counterclock ise . uick sketch leads to the
conclusion that if the particle is moving counterclock ise as the problem states then it
travels three uarters of a circumference in moving from the position at time # to the
position at time ¢, . etting 7 stand for the period then# — # =3.00 s =37/4. his gives
T=4.00s. he magnitude of the acceleration is

a=\d+a’ =\ 6.00ms* >+ 4.00ms*=7.21ms’,

sing s.434and435 ehave a=4z" T? hich yields

aT?  7.21m s’ 4.00s°?
47’ A7

=2.92 m.

=

64. hen traveling in circular motion ith constant speed the instantaneous acceleration
vector necessarily points toward the center. Thus, the center is “straight up” from the
cited point.

a ince the center is “straight up” from (4.00 m, 4.00 m), the x coordinate of the center
is 4.00 m.

b To find out “how far up” we need to kno the radius. sing .4 34 e find
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2 (5.00ms)
r:v_:%:z.mm.
a 125 ms

hus the y coordinate of the center is 200 m 4.00 m = 6.00 m.  hus the center may
be rittenas x y = 4.00m 6.00m .

65. ince the period of a uniform circular motion is 7=2zr v  here r is the radius and
v is the speed the centripetal acceleration can be ritten as

V2 1(27(}/)2 4%
T )

ased on this e pression e compare the magnitudes of the allet and purse
accelerations and find their ratio is the ratio of » values.  herefore a et = 1.50 a@pyrse -
hus the allet acceleration vector is

a=150 2.00ms’i 4.00ms® =300ms’i 6.00ms? .

66. he fact that the velocity is in the y direction and the acceleration is in the x

direction at #; = 4.00 s implies that the motion is clock ise. he position corresponds to

the <9 00 position.” n the other hand the position at 7z, = 10.0 s is in the “6 00 position”

since the velocity points in the —x direction and the acceleration is in the y direction.
he time interval Ar=10.0s—4.00s=6.00 s ise ual to 3 4 of a period

6.00 s =%T — T=8.00s.
uation 4 35 then yields

}"_VT_ 3.00ms 8.00s

— =3.82 m.
27 27

a he x coordinate of the center of the circular path is x=5.00 m+3.82 m=8.82 m.

b he y coordinate of the center of the circular path is y=6.00 m.

n other ords the center of the circleisat x,y = 8.82m 6.00m .

67. THINK n this problem e have a stone hirled in a hori ontal circle. fter the
string breaks the stone undergoes pro ectile motion.

EXPRESS he stone moves in a circular path top vie sho nbelo left initially but
undergoes pro ectile motion after the string breaks side vie sho nbelo right. ince

a=v* R to calculate the centripetal acceleration of the stone e need to kno its
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speed during its circular motion this is also its initial speed hen it flies off . e use the
kinematic e uations of pro ectile motion discussed in 4 6 to find that speed.

after

released y
- >® Yo > X
~ (0,0) == >
~
\ N
| AN
\ ! \
/
% ;
N /
; R 7 i i (x>y)
top vie ~— side vie

aking the y direction to be up ard and placing the origin at the point here the stone
leaves its circular orbit then the coordinates of the stone during its motion as a pro ectile

are given by x = vt and y =—1 gr* since vg, = 0. t hits the ground at x = 10 m and
y=-2.0m.

ANALYZE ormally solving the y component e uation for the time e obtain
t=+-2y g hich e substitute into the first e uation

2
vo=x |-E =(@om) [-28M S _j57m s
2y 2(~20m)

herefore the magnitude of the centripetal acceleration is

2 2
R 1.5m

2
LEARN he above e uations can be combined to give a :%. he e uation implies
-2y
that the greater the centripetal acceleration the greater the initial speed of the pro ectile
and the greater the distance traveled by the stone. his is precisely hat ee pect.

68. e note that after three seconds have elapsed 7, —# = 3.00 s the velocity for this
ob ect in circular motion of period 7 is reversed e infer that it takes three seconds to
reach the opposite side of the circle. hus 77=2 3.00s =6.00s.

a sing .435r=vT2rx here v=\/ 3.00ms?+ 400ms?=500ms e obtain

r=4.77 m. The magnitude of the object’s centripetal acceleration is therefore a = v* r =
5.24m s’

forum.konkur.in



www.konkur.in

160 CHAPTER 4

b he average acceleration is given by .4 15

_ %,-% -3.00i-4.000 ms— 3.00i+4.00 ms

g = —2.00ms?i -267ms?

tL,—t 5.00s-2.00s

hich implies 4, :\/ -2.00ms® *+ —2.67m s’ > =3.33 m s°.

69. euse .4 15 firstusing velocities relative to the truck subscriptt and then using
velocities relative to the ground subscript g . e ork ith units  so
20km h—»>56m s 30km h -83m s and 45km h—125 m s. e choose

east as the + i direction.

a he velocity of the cheetah subscript ¢ at the end of the 2.0 s interval is from
444

V=V, —V,=125ms i— -56ms i=18.1ms i
relative to the truck. ince the velocity of the cheetah relative to the truck at the
beginning of the 2.0 s interval is —-8.3m s i the average acceleration vector relative to
the cameraman in the truck is
. _18ims i- 83msi
o 2.0s

=13ms? i
or d,, =13ms’.
b he direction of a,,, is i oreast ard.
c he velocity of the cheetah at the start of the 2.0 s interval is from .4 44
Vg = Vi +Vgg = —83Ms i+ —56msi= -13.9msi
relative to the ground. he average acceleration vector relative to the cre  member on
the ground s

Gy = 125ms |2—0;13.9 ms. _ 13me i Ziavg _13ms’

identical to the result of part a .

d hedirection of a,, is i oreast ard.

70. euse .4 44 noting that the upstream corresponds to the i direction.

a hesubscript b is for the boat  is for the ater and g is for the ground.
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Vg =V, +V,=14kmh i+ -9kmh i= 5kmh i,

hus the magnitude is v,, =5 km h.
b he direction of v, is x or upstream.
c e use the subscript ¢ for the child and obtain

Ve

o =Vp +V,g= —6km h i+ 5km h i= -1km h i.
he magnitude is v, =1 xin h.
d hedirection of v is—x ordo nstream.

71. hile moving in the same direction as the sidewalk’s motion (covering a distance d
relative to the ground in time #, = 2.50 s .4 44 leads to
d

Vside alk  Vman running = 71 .

hile he runs back taking time ,=10.0s e have
d

Vside alk — Vman running = — 72 .

ividing these e uations and solving for the desired ratio e get 172—55 = % =1.67.

72. e denote the velocity of the player ith v, and

the relative velocity bet een the player and the ball be Vsr

V. hen the velocity vy, of the ball relative to the Vgp B

field is given by v,. =v,. +v,,. he smallest angle o goal
6hin Corresponds to the case hen v, Lv,.. ence Vop

0. =180°—cos™ [—@j =180°-cos™ (4'0 m Sj —130°.
Vp 6.0ms

73. e denote the police and the motorist ith subscripts p and m respectively. he
coordinate system is indicated in ig. 4 46.

a he velocity of the motorist ith respect to the police car is

v, =v,-v,=-60kmh — -80kmhi=80kmhi-60kmh " .

mp
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b v,, does happen to be along the line of sight. eferring to ig. 4 46 e find the

vector pointing from one car to another is 7 = 800 1n i— 600m ~ from Mto P . ince
the ratio of components in 7 is the same asin v, they must point the same direction.

c 0 theyremain unchanged.

74. elocities are taken to be constant thus the velocity of the plane relative to the
ground is v,, = 55 km 1 4 hour "= 220 km h ". n addition

Vo= 42Kkmh c0520° —sin20° = 39 km h i— 14 km h .
Sing vp; =V, +V,; €have
Vo, =Vps—V,o =—39kmh i+ 234 kmh .

hich implies v,, =237 km h or240km h tot o significant figures.

75. THINK his problem deals ith relative motion in t o dimensions. aindrops
appear to fall vertically by an observer on a moving train.

EXPRESS ince the raindrops fall vertically JH\ Yo ¥
relative to the train the hori ontal component v, ™
of the velocity of a raindrop v, =30 ms must S
be the same as the speed of the train i.e. " ¥
V, =V, See figure . > > south
- >Vtrain
train

n the other hand if v, is the vertical component of the velocity and & is the angle
bet een the direction of motion and the vertical then tan =v,v,. no ing v, and v,
allo s us to determine the speed of the raindrops.

ANALYZE ith 6=70° e find the vertical component of the velocity to be
vw=vy,tan &= 30ms tan70 =109 ms.

herefore the speed of a raindrop is

v=\v2+v2 =\ 30m s?+109m s2=32m s.
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LEARN s long as the hori ontal component of the velocity of the raindrops coincides
ith the speed of the train the passenger on board ill see the rain falling perfectly
vertically.

76. he destination is D = 800 km here e orienta esso that y points northand x
points east.  his takes t o0 hours so the constant velocity of the plane relative to the

ground is v,, = 400 kmh . This must be the vector sum of the plane’s velocity with

respect to the air hich has x,y components 500cos70 500sin70 and the velocity of
the air wind relative to the ground v, ;.  hus

400kmh = 500kmh cos70 i 500kmh sin70 v

ag

hich yields
Vg = —171kmhi — 70.0kmh

a he magnitude of v,  is v, :\/ ~171km h >+ —-70.0 km h * =185 km h.

b he direction of v, is
0=tan‘1£_70'0 km h

=22.3° south of est.
—-171km h

77. THINK his problem deals ith relative motion in t o dimensions. no flakes
falling vertically do n ard are seen to fall at an angle by a moving observer.

EXPRESS elative to the car the velocity of the sno flakes has a vertical component of
v, =8.0m s and a hori ontal component of v, =50km h=13.9m s.

ANALYZE he angle @ from the vertical is found from

tang=n_139mMs_, o,
v 8.0ms

v

hich yields 6= 60 .

LEARN he problem can also be solved
by e pressing the velocity relation in
vector notation v, =v,, +v,,, assho n Vsnow

in the figure.

Y

78. emakeuseof .444and .4 45.

he velocity of eep P relative to 4 at the instant is
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v,, = 40.0ms cos60° +sin60° = 20.0ms i+ 346ms .
imilarly the velocity of eep B relative to 4 at the instant is

v, = 20.0ms cos30° +sin30° = 17.3ms i+ 10.0ms .
hus the velocity of P relative to B is

Vg =V, —Vs, = 20.01+34.6 ms—17.3i+100 ms= 268msi+ 246ms .

a he magnitude of v,, is v,, :\/ 2.68ms’+ 246ms?=24.8ms.

b he direction of v,, is #=tan™ 24.6ms 2.68ms =83.8° north of east or 6.2
east of north .

¢ he acceleration of P is

a,, = 0.400ms® c0s60.0° +sin60.0° = 0.200ms® i+ 0.346ms?

and a,, =d,,. hus ehave d,, =0.400 m s*

d hedirection is 60.0° north of east or 30.0° east of north .

79. THINK his problem involves analy ing the relative motion of t o ships sailing in
different directions.

EXPRESS iven that 8, =45° and 6,=40° as y (north)
defined in the figure the velocity vectors relative to i
the shore for ships 4 and B are given by R
V4 6
v,=— v,C0845° i+ v, sin45°
= ; A ~ > X (east)
Vy =— v,sin40° i— v, cos40°
_ 6
ith v4 = 24 knots and v = 28 knots. e take east as Vi

+1 andnorthas .
he velocity of ship 4 relative to ship B is simply givenby v, ,=v,—v,.

ANALYZE a he relative velocity is
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V,g=V,—Vz= v,;siN40°—v, cos45° i+ v, cos40°+v,sin45°

— 1.03knots i+ 38.4 knots

the magnitude of hichis v,, =./ 1.03 knots 2+ 38.4 knots ? ~38.4 knots.

b heangle 6,, hich v,, makes ith north is given by

0,, =tan| 42x =tan‘l(Mj:1.5°
Vs 38.4 knots

hich is to say that v, , points 1.5 east of north.

c ince the t o ships started at the same time their relative velocity describes at hat
rate the distance bet een them is increasing. ecause the rate is steady e have

Ar,, 160 nautical miles
t = = =

- =42 h.

Vs 38.4 knots
d he velocity v,, does not change ith time in ¥ (north)
this problem and 7, is in the same direction as v, , o “;*4
since they started at the same time. eversing the \‘\

points of vie e have v,,=-v,, so that % Oip %o

F,,=—T,, 1.e. they are 180 opposite to each N /

other . ence e conclude that B stays at a bearing

of 1.5 est of south relative to 4 during the ourney /
6

» x (east)

neglecting the curvature of arth .

Vi
LEARN he relative velocity is depicted in the figure on the right.  hen analy ing

relative motion in t o dimensions a vector diagram such as the one sho n can be very
helpful.

80. his is a classic problem involving t o dimensional relative motion. e align our
coordinates so that east corresponds to x and north corresponds to y. e rite the
vector addition e uation as v,. =V, +V,;. € have v, = 20£0° in the magnitude

angle notation ith the unit m s understood or v, = 2.0i in unit vector notation. e
also have v,, = 80£120° here e have been careful to phrase the angle in the

‘standard’ way (measured counterclockwise from the +xa is or v,, = —4.0i 69 ms.

a e can solve the vector addition e uation for v,
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Voo =Vay +Vpe = 2.00.5 i+ —4.0i 6.9 ms=-20msi+6.9ms

hus efind v,;, =72 ms.

b he direction of v,, is f=tan 6.9ms -2.0ms =106° measured
counterclock ise fromthe xa is or16 estof north.

c he velocity is constant and e apply y —yo = ¢ in a reference frame. hus in the
ground reference frame e have 200m = 7.2ms sin106°¢— r=29s. ote fa

student obtains ‘28 s,” then the student has probably neglected to take the y component
properly a common mistake .

81. ere the subscript W refers to the ater. ur coordinates are chosen ith x being
east and y being north. n these terms the angle specifying east ould be 0 and the
angle specifying south ould be =90 or 270 . here the length unit is not displayed km
is to be understood.

a ehavev,, =v,,+V,, sothat
=222£-90 — 40 £37 =562 -125

Vs

in the magnitude angle notation conveniently done ith a vector capable calculator in
polar mode .  onverting to rectangular components e obtain

V,, = —32kmh i— 46kmh " .
f course this could have been done in unit vector notation from the outset.

b ince the velocity components are constant integrating them to obtain the position is
straightfor ard 7 -7, =] v dt

F=25-32 1+ 40-46f

ith lengths in kilometers and time in hours.

¢ he magnitude of this 7 is r=+ 25-32¢ >+ 40-46: 2. e minimi e this by
taking a derivative and re uiringittoe ual ero— hich leaves us ith ane uation for ¢

dr 1 62861 —528 o
dt 2./ 25-32 2+ 40461 °

hich yields # = 0.084 h.
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d lugging this value of ¢ back into the e pression for the distance bet een the ships r

e obtain » = 0.2 km. f course the calculator offers more digits » = 0.225...), but they
are not significant in fact the uncertainties implicit in the given data here should make
the ship captains orry.

82. e construct a right triangle starting from the clearing on the
south bank dra ing a line 200 m long due north wupward in our north
sketch across the river and then a line due est upstream left ard
in our sketch along the north bank for a distance 82m + 1.1ms ¢

here the ¢ dependent contribution is the distance that the river ill
carry the boat do nstream during time ¢.

he hypotenuse of this right triangle the arro in our sketch also 0
depends on ¢ and on the boat’s speed (relative to the water), and we
set it e ual to the Pythagorean “sum” of the triangle’s sides: south

(4.0)¢ = /2007 + (82 + 11s)
hich leads to a uadratic e uation for ¢
46724 +1804¢ —14.8:* = 0.

b esolve for ¢ first and find a positive value 7= 62.6s.

a he angle bet een the north ard 200 m leg of the triangle and the hypotenuse
(which is measured “west of north”) is then given by

6 =tan™ (82 Al llt) =tan™ (EJ =37°
200 200 '

83. e establish coordinates ith i pointing to the far side of the river perpendicular to
the current and ~ pointing in the direction of the current. e are told that the magnitude
presumed constant of the velocity of the boat relative to the ateris v,, =6.4kmh.
ts angle relative to the x a isis 6.  ith km and h as the understood units the velocity
of the ater relative to the ground is v,, = 3.2kmh N

(a) To reach a point “directly opposite” means that the velocity of her boat relative to
ground must be v,, —v, .« here vy, >0isunkno n. hus all " components must cancel
in the vector sum v, ng = ng hich means the v, sin = —32kmh ~ so

@=sint —32kmh 6.4kmh =-30.
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b sing the result from part a e find vy, = v, COS@ = 5.5 km h. hus traveling a
distance of / =6.4 kmre uiresatimeof 6.4km 55kmh =1.15h or 69 min.

¢ f her motion is completely along the y a is as the problem implies then ith v,, =
3.2km h the aterspeed e have

Low = D D =1.33h

total
bw ng wa - ng

here D =3.2 km. hisise uivalent to 80 min.

d ince
D D D D
+ = +
Vb \% Vb =V Vb -V wa + ng

w wg

the ans er is the same as in the previous part thatis 7, = 80 min.

e he shortest time path should have & =0°. his can also be sho n by noting that the
case of general ¢ leads to

A

Vig =V, tV, =V, L0801 + v, SIN0 v,

here the x component of v,, muste ual /7 hus

[
v,,08 60

hich can be minimi ed using dr d6=0.

f heabovee pressionleadstos= 6.4km 6.4kmh =1.0h or60 min.

84. elative to the sled the launch velocity is v, = vaxi  vo, . Since the sled’s
motion is in the negative direction ith speed vs note that e are treating vs as a positive
number, so the sled’s velocity is actually —vsi  then the launch velocity relative to the
ground is v, = voe— vs | vo, . he hori ontal and vertical displacement relative to

the ground are therefore
Xland — Xlaunch = AXbg = Vox— Vs Iflight
A 1 2
Viand = Viaunch = 0 = oy fiignt 5 —g friight * -

ombining these e uations leads to
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2v, v 2v
Ang — Ox"0y _( Oy]VS,
g g

he first term corresponds to the “y intercept” on the graph and the second term in
parentheses) corresponds to the magnitude of the “slope.” From the figure e have

Ax,, =40—4v,.

his implies vo, = 4.0s 9.8ms® 2=19.6 ms and that furnishes enough information to
determine vo,.

a vor =40g 2vo,= 40m 9.8ms® 39.2ms =10ms.
b snoted above vy =19.6 ms.

c elative to the sled the displacement Ax,s does not depend on the sled’s speed, so
Axps = Vox triight = 40 m.

d sin c relative to the sled the displacement Axys does not depend on the sled’s
speed and Axps = voy fiight = 40 m.

85. sing displacement = velocity time for each constant velocity part of the trip
along ith the fact that 1 hour = 60 minutes e have the follo ing vector addition
e ercise using notation appropriate to many vector capable calculators

1667 m £0 1333 m £ -90 333 m £ 180 833 m £ -90 667 m £ 180
417m~£-90 = 2668 m £ -76 .

a hus the magnitude of the net displacement is 2.7 km.

b tsdirection is 76° clock ise relative to the initial direction of motion .
86. e use acoordinate system ith xeast ardand yup ard.

a e note that 123 is the angle bet een the initial position and later position vectors

so that the angle from x to the later position vector is40 123 =163 . n unit vector
notation the position vectors are

7= 360mcos40° i 360msin40° = 276mi 231m
%= 790m cos163° i 790m sin163° = —755m i 231m

respectively. onse uently epluginto .43
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AF= —755m — 276m i 231m-231m  =-1031m i.
he magnitude of the displacement A7 is A¥ =1031m.

b he direction of A¥is —i or est ard.

87. THINK his problem deals ith the pro ectile motion of a baseball. iven the
information on the position of the ball at t o instants e are asked to analy e its
tra ectory.

EXPRESS he tra ectory of the baseball
is sho n in the figure on the right.
ccording to the problem statement at

t,=3.0s the ball reaches it ma imum
height y,, and at z,=7+2.55=5.5s
it barely clears a fence at x, =97.5 m. 2

. 2 15 can be applied to the vertical y a is motion related to reaching the ma imum
height hen# =3.0sandv, =0

Y (m) x

1’ ymaX)

x (m)

1 2
Yma — Yo = vyt—zgt .
ANALYZE a ith ground level chosen so yo =0 this e uation gives the result

Vs :%gtf =% 9.8ms® 3.0s°=44.1m

b fter the moment it reached ma imum height it is falling at 7, =7, +2.55s=5.5s it
ill have fallen an amount givenby .2 18

1
Yience " Vma = O_Eg =4 2
hus the height of the fence is

Vience = Vma —%g t,—t =441 m—% 9.8ms? 2.55%=13.48m.

c ince the hori ontal component of velocity in a pro ectile motion problem is constant
neglecting air friction e find from 97.5 m = vo, 5.5 s that vo, = 17.7 ms. he total
flight time of the ball is 7=27, =2 3.0s =6.0s. hus the range of the baseball is

R=v,T=17.7ms 6.0s =106.4 m

hich means that the ball travels an additional distance

forum.konkur.in



www.konkur.in

171

Ax=R—-x,=106.4 m-97.5m=8.86 m

beyond the fence before striking the ground.

LEARN art ¢ can also be solved by noting that after passing the fence the ball ill
strike the ground in 0.5 s so that the total fall time e uals the rise time . ith vy, =
17.7ms ehave Ax= 17.7ms 0.5s =8.86 m.

88. hen moving in the same direction as the et stream of speed v, the time is

here d = 4000 km is the distance and v, is the speed of the et relative to the air 1000
kmh . hen moving against the et stream the time is

70 - : . .
here t,—t = 50 h. ombining these e uations and using the uadratic formula to solve

gives vy = 143 km h.

89. THINK e have a particle moving in a t o dimensional plane ith a constant

acceleration. ince the x and y components of the acceleration are constants e can use
able 2 1 for the motion along both a es.

EXPRESS sing vector notation ith 7, =0 the position and velocity of the particle as
. . . - - 1. - - .
a function of time are given by 7 ¢t =vyt +§at2 and v ¢ =v, +at respectively. here

units are not sho n units are to be understood.

ANALYZE a iven the initial velocity v,= 8.0.ns " and the acceleration
G= 4.0.15s i+ 2.0ms?  the position vector of the particle is

f:ﬁoméaﬁ:(8.0‘)1+%(4.0?+2.0A)z2=(2.0t2)€ (80r 1.0

herefore the time that corresponds to x = 29 m can be found by solving the e uation
2.04=29 hichleadstos=3.85s. hey coordinate at that time is

y=80ms 38s 1.0ms®> 3.8s2=45m.
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b he velocity of the particle is given by v =v, + ar. hus at7=23.8s the velocity is

v=80.u8 A+( 40ms? i+ 2.0ms? A)(S.Ss): 152ms i+ 156ms

hich has a magnitude of v= \/vf +1? = J152ms?+ 156ms?=22ms.

LEARN nstead of using the vector notation e can also deal ith the x and the y
components individually.

90. sing the same coordinate system assumed in .4 25 e rearrange that e uation to
solve for the initial speed

_ X 8
Vo —
cos 4, \/2 xtan 6, — y
hich yields vo = 23 ft s for g=32 ft s> x=13ft y =3 ftand & =55 .

91. emakeuseof .4 25.

a yrearranging .4 25 e obtain the initial speed

Vo = X g
° cosd,\2 xtand, — y
hich yields v = 255.5 ~ 2.6 x 102 m s for x = 9400 m y=-3300m and & =35 .

b rom .421 eobtain the time of flight

X 9400 m

v,C0s6, 255.5ms cos35°

C e e pect the air to provide resistance but no appreciable lift to the rock so e
ould need a greater launching speed to reach the same target.

92. eapply .4 34tosolveforspeedvand .4 35to find the period T.

a eobtain

v=ra = [(50m)(70)(98m §*)=19m s

b he time to go around once the period is 7=2mz v =1.7s. herefore in one minute
t=60s the astronaut e ecutes
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_ 60s _35

!
T 1.7s

revolutions. hus 35 rev min is needed to produce a centripetal acceleration of 7g hen
the radius is 5.0 m.

¢ snoted above T=1.7s.

93. THINK his problem deals ith the t o dimensional kinematics of a desert camel
moving from oasis  to oasis

EXPRESS he ourney of the camel is ¥ (north)
illustrated in the figure on the right. e use a A
‘standard’ coordinate system with +x ast and
y orth. engths are in kilometers and times
are in hours. sing vector notation e rite
the displacements for the first t o segments of
the trip as

AF = 75Kkm cos 37° i+ 75km sin 37°

A, = —65km

he net displacement is A7, = A7 +Ar, . s can be seen from the figure to reach oasis
re uires an additional displacement A7 .

» X (east)

ANALYZE a e perform the vector addition of individual displacements to find the
net displacement of the camel A7, =A% +A% = 60 km i— 20km . ts corresponding
magnitude is

A, =+/ 60km 2+ —20km 2 =63 km.
b hedirection of A%, is 6, =tan™ —20 km 60 km =-18° or 18°south of east.

c o calculate the average velocity for the first t o segments of the ourney including
rest  eusetheresultfrompart a in .4 8along ith the fact that

At, =At, +At, + At =50h+35h+5.0h =90 h.
60i-20 km
90 h

N unit vector notation e have v, = = 0.671-0.22" kmh.

his leads to ,,,, =0.70 km h.

d  he direction of v,,, is §,=tan™ —0.22kmh 0.67kmh =-18° or
18° south of east.
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e he average speed is distinguished from the magnitude of average velocity in that it
depends on the total distance as opposed to the net displacement. ince the camel travels
140 km eobtain 140km 90h =156 kmh ~1.6 km h.

f he net displacement is re uired to be the 90 km ast from 4 to B. he displacement
from the resting place to B is denoted Ar,. hus e must have

AP AN, A= 90km i

hich produces A% = 30km i+ 20km  in unit vector notation or 36 233 in
magnitude angle notation. herefore using .4 8 e obtain
5, ——0KM i okmh.

¢ 120-90 h

g hedirection of v, . isthe same as A7, thatis 33 north of east .

LEARN ith a vector capable calculator in polar mode e could perform the vector
addition of the displacements as 75 2 37° + 65/ — 90° = 63 £ — 18° . ote the

distinction bet een average velocity and average speed.

94. e compute the coordinate pairs x, y from x = v cos@)z and y =v, sin 6 — 1 g’

for ¢ = 20 s and the speeds and angles given in the problem.

a eobtain
(xA yA) =(10.1 km 0.556 km) (xB yB)=(12.1 km 1.51 km)
(xc yo)=(14.3km 2.68 km) (xp ¥p)=(16.4 km 3.99 km)

and xz yg = 18.5km 5.53km hich eplotinthene tpart.

b he vertical y and hori ontal x a esare 5-
in kilometers. he graph does not start at the
origin. The curve to “fit” the data is not
sho n but is easily imagined forming the 37
“curtain of death”).

IOI B I12I B '14I ; ’161 B I18I

95. a ithAx=80m r=At, a=a, and v, =0 .2 15 gives
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8.0m=2a, At, *
and the corresponding e pression for motion along the y a is leads to
Ay=12m=%ay At 2.
ividing the second e pression by the first leadsto a, a, =3 2=1.5.

b ettingr=2Ar then .2 15leadsto Ax= 8.0m 22=32m hich implies that its
x coordinate isno 4.0 32 m=36m. imilarfly Ay= 12m 2%2=48m hich
means its y coordinate has become 6.0 48 m =54 m.

96. We assume the ball’s initial velocity is perpendicular to the plane of the net. e
choose coordinates so that xo yo = 0 3.0 m andv, 0 note that vo, =0 .

a o0 barely clearthe net e have

Y=Yy =V, t—%gtz — 2.24 m—3.0m=0—%(9.8m52)t2

y

hich gives 7 = 0.39 s for the time it is passing over the net. his is plugged into the x
e uation to yield the minimum initial velocity v, = 8.0 m 0.39s =20.3ms.

2

b ere uire y =0 and find time 7 from the e uationy — y, =v, 7 —3gr". his value

t:\/2(3.0 m) 9.8ms* =0.78s is plugged into the xe uation to yield the

ma imum initial velocity
vw=170m 0.78s =21.7ms.

97. THINK  bullet fired hori ontally from a rifle strikes the target at some distance
below its aiming point. We’re asked to find its total flight time and speed.

EXPRESS he traectory of the
bullet is sho n in the figure on the

right not to scale. ote that the Y

origin is chosen to be at the firing Vo P .

point.  ith this convention the y BOr——=_ — Pk

coordinate of the bullet is given by (x,y)=(30m,-0.019 m)

y=-21gt’. no ing the coordinates
x y atthetarget allo s us to calculate the total flight time and speed of the bullet.

ANALYZE a fztis the time of flight and y = — 0.019 m indicates here the bullet hits
the target then
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2y [2(~0019m
(= [2y _ [P2L000m) o0t
g 9.8ms

b hemu le velocity is the initial hori ontal velocity of the bullet. ince x =30 m is
the hori ontal position of the target e have x = vot. hus

po=Xo8%0m  ex10?ms.

O T 63x107s

LEARN lternatively e mayuse .4 25 to solve for the initial velocity. ith §,=0

2
and y, =0 thee uation simplifies to y:—i—’v‘z from hich e find
0
2 2 2
vy = & | 9.8ms° 30m _48x10°m s
2y 2 -0.019 m

in agreement ith hat e calculated inpart b .

98. or circular motion e must have v ith direction perpendicular to 7 and since

the speed is constant magnitude v=2zr T here r=\/ 200m?+ -3.00m? and

T=7.00s. he r given in the problem statement specifies a point in the fourth
uadrant and since the motion is clock ise then the velocity must have both components
negative.  ur result satisfying these three conditions using unit vector notation hich
makes it easy to double check that ¥-v=0 for v= -269msi -180ms .

99. etv,=270.200 m 0.00500s ~ 251 ms using .4 35 be the speed it had in
circular motion and €, = 1 hr 360 12 hr for full rotation =30.0. hen .4 25 leads
to

2 2
y= 250 m tan30.0°— 0 MS 20M "y 4y,
2 251ms “ c0s30.0°

hich means its height above the floor is1.44m 1.20 m = 2.64 m.

100. oting that v, =0 then using .4 15 the average acceleration is

Ay 0-(630i-8427)ms
a. ==
" A 3s

:(—2.1i + 2.8A) m s?

101. sing .216 eobtain v =v:—-2gh or h= vV’ 2g.
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a ince v=0at the ma imum height of an up ard motion ith v,=7.00ms e

have
h=7.00ms? 29.80m s> =2.50m.

b he relative speed is v. =v,—v, =7.00ms—-3.00ms=4.00ms ith respect to the
floor. sing the above e uation e obtain = 4.00ms* 29.80ms® =0.82m.

c he acceleration or the rate of change of speed of the ball ith respect to the ground
i59.80ms” do n ard .

d ince the elevator cab moves at constant velocity the rate of change of speed of the
ball ith respect to the cab floor is also 9.80 m s> do n ard .

102. a ithr=015manda=3.0x10"ms* .4 34gives

v:\/$:6.7><106 m s.

b heperiodisgivenby .4 35

7= _14%107s.
%

103. a he magnitude of the displacement vector A7 is given by

AF =y 215km 2+ 97 km 2+ 2.88km ? =23.8km.

hus

G AP _2BBKM_ogynh
At 350h

b heangle @in uestion is given by

0 =tan 2.88 km —6.96°.
J 21.5km ?+ 9.7 km 2

104. he initial velocity has magnitude vy and because it is hori ontal it is e ual to v, the
hori ontal component of velocity at impact. hus the speed at impact is

2, .2
«f"o +vi =3y,

here v, 2«/2gh and ehaveused .2 16 ith Axreplaced ith/%=20m. uaring
both sides of the first e uality and substituting from the second e find
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Vi +2gh= (3\/0)2

hich leads to gh =4v? and therefore to v, =,/ 9.8ms> 20m 2=7.0ms,

105. e choose hori ontal x and vertical y a es such that both components of v, are

positive. ositive angles are counterclock ise from x and negative angles are clock ise
from it. n unit vector notation the velocity at each instant during the pro ectile motion is

A

vZVOuuogo’i\‘i‘(VOSin Go—gt) .

a ithw=30msand & =60 e obtain = 15i 6.4 ms forr=20s. he

magnitude of vis v :\/15Jns 4+ 64ms?=16ms.

b hedirection of vis
@=tan! 6.4ms 15ms =23°

measured counterclock ise from x.

c ince the angle is positive it is above the hori ontal.

d iths/=5.0s efind v= 15i—23" ms hich yields

17=\/15msz+ —23ms?=27ms.

e he direction of v is d=tan* -23ms 15ms =-57° or 57° measured
clockwise from x.

f ince the angle is negative itis belo the hori ontal.

106. euse .42and .43

a ith the initial position vector as 7 and the later vector as 7, .4 3yields

Ar= -20m -50mi+ 60m - —60m +20m-20mk=-70mi+12m "

for the displacement vector in unit vector notation.

b ince there is no z component that is the coefficient of k is ero the displacement
vector is in the xy plane.
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107. e rite our magnitude angle results in the form (R £6) ith  units for the

magnitude understood m for distances m s for speeds m s? for accelerations . Il angles
6 are measured counterclock ise from x but e ill occasionally refer to angles ¢
hich are measured counterclock ise from the vertical line bet een the circle center and
the coordinate origin and the line dra n from the circle center to the particle location see
rinthe figure . e note that the speed of the particleisv=2z T herer=3.00mand T
=20.0s thus v=0.942 ms. he particle is moving counterclock isein ig.4 56.

a tr=5.0s the particle has traveled a fraction of

5.00s 1

t
T 200s 4

of a full revolution around the circle starting at the origin . hus relative to the circle
center the particle is at

1
=— 360° =90°
¢ 4

measured from vertical as e plained above . eferring to ig. 4 56 e see that this
position (which is the “3 o’clock” position on the circle) corresponds to x =3.0 mand y =
3.0 m relative to the coordinate origin. n our magnitude angle notation this is e pressed

as (R£6)=(4.2£45°). Ithough this position is easy to analy e ithout resorting to

trigonometric relations it is useful for the computations belo  to note that these values
of x and y relative to coordinate origin can be gotten from the angle ¢ from the relations

x=rsing y=r—rcosg.

f course R=+x’+y* and @ comes from choosing the appropriate possibility from
tan* yx or by using particular functions of vector capable calculators .

b tr=7.5s the particle has traveled a fraction of 7.5 20 = 3 8 of a revolution around
the circle starting at the origin . elative to the circle center the particle is therefore at ¢
=38 360 =135 measured from vertical in the manner discussed above. eferring to

ig. 4 56 e compute that this position corresponds to

x=3.00msin135 =2.1m
y=30m — 3.0mcos135 =51m

relative to the coordinate origin. n our magnitude angle notation this is e pressed as R
Z 60 =55 /68

¢ tr=10.0s the particle has traveled a fraction of 10 20 = 1 2 of a revolution around

the circle. elative to the circle center the particle is at ¢ = 180 measured from vertical
see e planation above . eferringto ig.4 56 e see that this position corresponds to x
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=0 and y = 6.0 m relative to the coordinate origin. n our magnitude angle notation this
ise pressedas (R£6)=(6.0£90°).

d e subtract the position vector in part a from the position vector in part c

(6.0£90°)—(4.2£45°)=(4.2./135°)

using magnitude angle notation convenient hen using vector capable calculators . f
e ish instead to use unit vector notation e rite

AR=0-30m i+ 60m-30m = -30mi+30m
hich leadsto AR =4.2.., and =135 .

e rom .48 ehavei, =AR Af. ithAr =50s ehave

Vyy = —0.60ms i+ 0.60ms

in unit vector notation or 0.85 £ 135 in magnitude angle notation.

f he speed has already been noted v = 0.94 ms but its direction is best seen by
referring again to ig. 4 56. The velocity vector is tangent to the circle at its “3 o’clock

position” (see part (a)), which means v is vertical. hus our result is (0.94 £ 90°) .

g gain the speed has been noted above v=0.94 ms but its direction is best seen by
referring to ig. 4 56. The velocity vector is tangent to the circle at its “12 o’clock

position” (see part (c)), which means v is hori ontal. hus our result is (0.94 £ 180°).

h  he acceleration has magnitude @ =v* » = 0.30 m s®> and at this instant see part a it
is hori ontal to ard the center of the circle . hus our result is (0.30 £ 1800).

i gain @ =V r=0.30 ms® but at this instant see part ¢ it is vertical to ard the
center of the circle . hus our result is (0.30 £ 270°).

108. uation 4 34 describes an inverse proportionality bet een » and a so that a large
acceleration results from a small radius. hus an upper limit for a correspondstoalo er
limit for r.

a he minimum turning radius of the train is given by
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2 2
Vvin = LA (216 km ) =73x10°m.
dw  (0050)(98m %)

b he speed of the train must be reduced to no more than

v=fa, =,/0.050(9.8m?)(1.00x10° m) =22m s

hich is roughly 80 km h.

109. a sing the same coordinate system assumed in .4 25 e find

2 2
y=xtang, - —& =5 jfg =0

2,080,  2v7

hus ithvwy=3.0x10°msandx=1.0m e obtainy=-54x10m hich is not
practical to measure and suggests hy gravitational processes play such a small role in
the fields of atomic and subatomic physics .

b tis clear from the above e pression that y decreases as vy is increased.

110.  hen the escalator is stalled the speed of the person isv, =(/t  here / is the

length of the escalator and ¢ is the time the person takes to alk up it. hisis v, = 15
m 90s =0.167 ms. he escalator movesatv,= 15m 60s =0.250 ms. he speed
of the person alking up the moving escalator is

v=vy, v.=0167ms 0250ms=0.417ms
and the time taken to move the length of the escalator is

t=¢ v=15m 0417m s =36s.

f the various times given are independent of the escalator length then the ans er does
not depend on that length either. n terms of / in meters the speed in meters per
second of the person alking on the stalled escalator is ¢/90 the speed of the moving

escalator is ¢/60 and the speed of the person alking on the moving escalator is
v=((/90)+((/60)=0.0278( . he time taken is 7=/¢/v=1¢/00278/=36s and is
independent of 7.

111. heradius of arth may be found in ppendi

(a) The speed of an object at Earth’s equator is v=2zR T here R is the radius of arth
6.37 x 10°m and T'is the length of a day 8.64 x 10*s
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v=27637x10°m 8.64x10*s =463 ms.

he magnitude of the acceleration is given by

2 (463m s)
a:v—=%:o.o34m s,
R 637x10°m

b fTisthe period thenv=2zR Tis the speed and the magnitude of the acceleration is

vi 27R T ?* 4x°R
a=—= = T2 .

6
T:ZE\/E=27Z 037>10'm _ g1, 10°s=84 min.
a 98m s

hus

112. ithgz=9.8128 ms?and g,,=9.7999 ms*> eapply .4 26

R R _ %psin26,  vgsin26, _ vgsin26, (& _1j
M

? 2y 25 g \&u
hich becomes

0.8128 m s2
Ry =Ry =Ry (m‘q

and yields upon substituting Rz =8.09 m Ry, — Rp=0.01m=1cm.
113. rom the figure the three displacements can be ritten as
d, =d, cos@i+sing = 500m cos30%+sin30° = 4.33m i+ 250m

d,=d, cos 180°+6,—6, i+sin 180°+6, -0, = 8.00 m c0s160°i +sin160°"
= —752mi+ 274m’

d, = d, c03 360°—6, —0, + 6, i+sin 360°—6,—6,+6, = 12.0m c0s260°i +sin 260°"
= —208mi-11.8m "

here the angles are measured from the xa is. he net displacement is

d=d +d,+d,= -5.27mi- 6.58m .

a he magnitude of the net displacement is
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d=y-527m?+ —6.58m?=8.43m.

. d _
b hedirection of dis 8 =tan™!| = |=tan™* —6.58 m =51.3° or 231°.
d -5.27m

X

e choose 231° measured counterclock ise from x since the desired angle is in the
third uadrant. ne uivalentans eris —129° measured clock ise from x .

114. aking derivatives of 7 =2r1+2sin 7z 4 ith lengths in meters time in seconds
and angles in radians provides e pressions for velocity and acceleration

. dar ~ T Tt \~
y=—=21+—CO0S| —
2 (4j

dt
. dav 7% . (m)
a=—=—-"3sin| — | .
dt 8 4
hus e obtain
timer s 0.0 1.0 2.0 3.0 4.0
7 x m 0.0 2.0 4.0 6.0 8.0
a position y m 0.0 1.4 2.0 1.4 0.0
5 vems 20 | 20 | 20
b velocity |, ms 11 00 | -11
> a, ms? 0.0 0.0 0.0
C | acceleration | a, m s -0.87 | -12 | -0.87

115. ince this problem involves constant do n ard acceleration of magnitude a similar
to the pro ectile motion situation e use the e uations of 4 6 aslongas e substitute a
for g. e adopt the positive direction choices used in the te tbook so that e uations such
as .4 22aredirectly applicable. he initial velocity is hori ontal so that v, =0 and

Vg, =V, =1.00x10°cm s.

a f /is the length of a plate and ¢ is the time an electron is bet een the plates then
{=v,t herewgis the initial speed. hus

(=t 2.00cm 5 0410,

Vy T 1.00x10%cm s
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b he vertical displacement of the electron is

y Z—%atz :—% (1.00x10"" cm s)(2.00 ><10’95)2 =-0.20cm =-2.00 mm

or y =2.00mm.

¢ he x component of velocity does not change
vy =1p=1.00x 10° cm s = 1.00 x 10" m s,

d he y component of the velocity is

v, =at= (1.00><10”cm 32)(2.00><10’9s) —2.00x10%cm s
=2.00x10°m s.

116. e neglect air resistance  hich ustifies setting « = —g = -9.8 m s* taking down as
the —y direction for the duration of the motion of the shot ball. e are allo ed to use

able 21 ith Ay replacing Ax because the ball has constant acceleration motion. e
use primed variables e cept ¢+ ith the constant velocity elevator so v =10 ms and
unprimed variables ith the ball ith initial velocity v, =v'+20=30 ms relative to the

ground .  units are used throughout.

a aking the time to be ero at the instant the ball is shot e compute its ma imum
height y relative to the ground  ith v =v -2g y—y,  here the highest point is
characteri ed by v=0. hus

here y,=»,+2=30m here y. =28 m is given in the problem and vo = 30 ms
relative to the ground as noted above.

b here are a variety of approaches to this uestion. ne is to continue orking in the

frame of reference adopted in part (a) (which treats the ground as motionless and “fixes”
the coordinate origin to it in this case one describes the elevator motion ith
V' =yl +V't and the ball motion ith .2 15 and solves them for the case here they
reach the same point at the same time.  nother isto ork in the frame of reference of the
elevator the boy in the elevator might be oblivious to the fact the elevator is moving
since it isn’t accelerating), which is what we show here in detail

Vo, T/ Voi —2gAy,

g

1
Ay, :voet—zgtz = 1
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here vo. = 20 m s is the initial velocity of the ball relative to the elevator and Ay, =
—2.0 m is the ball’s displacement relative to the floor of the elevator. The positive root is
chosen to yield a positive value for # the resultis z=4.2s.

117. e adopt the positive direction choices used in the te tbook so that e uations such
as .4 22 are directly applicable. he coordinate origin is at the initial position for the
football as it begins pro ectile motion in the sense of 45 and e let & be the angle of
its initial velocity measured from the xa is.

a x =46 mand y =-1.5 m are the coordinates for the landing point it lands at time ¢ =
4.5s. incex = vyt

X 46 m
t

= =10.2 m s.
4.5s

VO =

X

1 2

ince y=vo t—58t
1 2 1 2 2
y+§gz -15m +E 98m s° 45s

Vo, = = =217m s.
’ t 45s

he magnitude of the initial velocity is

Vo=, +v5, =4/ 102m s?+ 217m s?=24m s

b he initial angle satisfies tan & = vo, vo.. hus
¢h=tan' 21.7ms 102ms =65.

118. he velocity of arry is v; and that of urly isv,. Iso e denote the length of the
corridor by L. Now, Larry’s time of passage is 4 = 150 s hich must e ual L v; and
Curly’s time of passage is , = 70 s hich must e ual L v, . he time oe takes is
therefore

[ =

L 1 1
+

- 1
v+v, v, L+v, L

119. hebo car has velocity v, =v, i relative to the ground and the bullet has velocity
Yoy, =V, C0801+v,siN0

relative to the ground before entering the car e are neglecting the effects of gravity on
the bullet . hile in the car its velocity relative to the outside ground is

V,, = 08v,c0s01+0.8v,sin0
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due to the 20 reduction mentioned in the problem . he problem indicates that the
velocity of the bullet in the car relative to the caris  ith v3 unspecified v, = vsA. 0
. 4 44 provides the condition
Vye =V V.,

A

0.8v,c0s0 1+0.8v,8in0 =v, +v i

so that e uating x components allo s us to find €. fone ished to find v3 one could also

e uate the y components and from this if the car idth ere given one could find the

time spent by the bullet in the car but this information is not asked for  hich is hy the
idth is irrelevant . herefore e amining the x components in  units leads to

0= cosl[ el j: cos™ (85 km h (555" skhm)}

0.8v, 0.8 650ms
hich yields 87 for the direction of v, , measured from i hich is the direction of
motion of the car). The problem asks, “from what direction was it fired?” — hich

means the ans er is not 87 but rather its supplement 93 measured from the direction of
motion . tating this more carefully in the coordinate system e have adopted in our
solution the bullet velocity vector is in the first wuadrant at 87 measured
counterclock ise from the x direction the direction of train motion  hich means that
the direction from hich the bullet came  here the sniper is is in the third uadrant at
—93 thatis 93 measured clock ise from x .

120. a sing a=v* R the radius of the track is

2 2
Ry _920MS° oo,

a 380ms?
b sing T=2zR v the period of the circular motion is

T 27R _ 27 22.3m 1525

% 9.20ms

121. a ithv=c 10=3x10"ms and a=20g =196 ms* .4 34 gives
r=v" a=4.6x10" m.

b he period is given by . 435 T=27r v=9.6x10°s. hus the time to make a
uarter turn is 7 4 = 2.4 x 10° s or about 2.8 days.
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122. ince v2 =v,’ —2gAy and1,=0 at the target e obtain

%o, =/2(980ms?)(5.00m) =9.90m s

a incevsin & =vy, ithvw=120ms efind & =55.6 .
b 0 vw=vy—grgivesr= 990ms 9.80ms* =1.01s. hus
Ax = vy COS b t=6.85m.

c he velocity at the target has only the v, component  hich is e ual to vo, = vo C0S &
=6.78 ms.

123. ithvwy=30.0msand R=20.0m .4 26 gives

8R
Vo
ecause sin g=sin 180 — ¢ there aret o roots of the above e uation

sin26, = = 0.218.

26, =sin™* 0.218 =12.58°and 167.4°.

hich correspond to the t o possible launch angles that ill hit the target in the absence
of air friction and related effects .

a hesmallest angle is & =6.29 .
b he greatest angle is and & =83.7 .

n alternative approach to this problem intermsof .425 ithy=0and1 cos’=1
tan® is possible — and leads to a uadratic e uation for tan&, ith the roots providing
these t o possible & values.

124. emakeuseof .42land .4 22.

a ith vo =16 ms eswuare .421 and . 422 and add them then using
Pythagoras’ theorem) take the square root to obtain r

r:\/x—xo 2+ y—y, ° :\,’vocoseot 2+ vysin@p—gt® 27

=t V. —v,gsingyt+ g’t* 4

elo e plot » as a function of time for 4, =40.0
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r(m)
25

20

15

05 1 15 5 1(s)
b orthisne tgraph for»versus¢ e seté,=280.0.

r(m)

1 2 3 10

c ifferentiating » ith respecttos e obtain

dr _ Vi —3v,gtsing, 2+g’t® 2

di \/vg—vogsin4901+g212 4

etting dr dt=0 ith v,=16.0 m sand §,=40.0° e have 256-151r+48¢* =0.
he e uation has no real solution. his means that the ma imum is reached at the end of
the flight ith
t,y =2v,5IN6, g=216.0ms sin 40.0° 9.80ms’ =2.10s.

d hevalue of r is given by

r= 210 \/16.0 2~ 16.0 9.80 sin40.0° 2.10 + 9.80* 2.10 > 4 =257 m.
e hehori ontal distance is r», =v,cosf,t= 16.0ms cos40.0° 2.10s =25.7 m.

f he vertical distance is r, =0.

g orthe & =80 launch the condition for ma imum r is 256 —-232¢+48* =0 or
t=1.71s the other solution ¢#=3.13 s corresponds to a minimum.
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h he distance traveled is

r=171 \/ 16.0 >— 16.0 9.80 sin80.0°1.71 + 9.80 > 1.71% 4=13.5m.
i hehori ontal distance is
r.=v,c0s6¢= 16.0ms cos80.0°1.71s =4.75m.
he vertical distance is

2 2 2
ryzvosinﬁot—%z 16.0m's sin80° 1.71s — 9'80"‘32 L7AS” _126m.

125. sing the same coordinate system assumed in .4 25 e find x for the elevated
cannon from
g’

here y =-30 m.
2(v, cos 6,)

y=xtang, -

sing the uadratic formula choosing the positive root e find

Vv, Siné, +\/(vo sing,)* —2gy
g

X =V, €086,

hich yields x = 715 m for vp = 82 ms and & = 45 . his is 29 m longer than the
distance of 686 m.

126. t ma imum height the y component of a projectile’s velocity vanishes, so the
given 10 m s is the constant x component of velocity.

a sing v, to denote the y velocity 1.0 s before reaching the ma imum height then
ith v, = 0 the e uation v, = v, — gt leads to vo, = 9.8 ms. he magnitude of the
velocity vector or speed at that moment is therefore

\/vf+voy2:\/10m82+ 9.8ms?=14ms.

b tis clear from the symmetry of the problem that the speed is the same 1.0 s after
reaching the top asit as 1.0 s before 14 msagain . his may be verified by using v, =
voy — gt again but now “starting the clock™ at the highest point so that vo, = 0 and

t=1.0s . hisleadstov,=-9.8 msand \/10ms 2+ (-9.8ms) =14 ms.
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c he xp value may be obtained from x = 0 = xo 10 ms 1.0s  hich yields
X, =—10m.

d ith v, = 9.8 m s denoting the y component of velocity one second before the top of
the traectory then e have y=0=y, + v, 7 - 1gt* here + = 1.0 s. his yields

Vo =—49m.
e yusingx—xo= 10ms 1.0s herexo=0 e obtainx=10m.

f etr=Oatthetop ith y,=v,, =0. romy—y,=v,r—4gr* ehave forr=10s

y=—98ms® 1.0s? 2=—49m.

127.  ith no acceleration in the x direction yet a constant acceleration of 1.40 m s? in the
y direction the position in meters as a function of time in seconds must be

7= 6.00f1 (% 1.40 zsz

and v is its derivative ith respect to z.

a tr=3.00s therefore v = 6.001 + 420 ms.

b tz=3.00s the positionis 7 = 18.01 + 6.30° m.

128. e note that

Ve = Vea TVag

describes a right triangle  ith one leg being v,. east another leg being v,
magnitude = 20 direction = south and the hypotenuse being v,, magnitude = 70 .
engths are in kilometers and time is in hours. sing the ythagorean theorem e have

Vi =y Vo 2+ Vg 2 = TOKT 1= Ve *+ 20kmh 2

hich can be solved to give the ground speed v,. = 67 km h.

129. he figure offers many interesting points to analy e and others are easily inferred
such as the point of ma imum height . he focus here to begin ith ill be the final
point sho n 1.25 s after the ball is released  hich is hen the ball returns to its original
height. n nglish units g =32 ft s%
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a singx-xo=vs eobtainv,= 40ft 125s =32fts. nd y—y,=0=v, r—3gr’
yields v,, =(32 fts*)(1.255)=20fts. hus the initial speed is

Vo= ¥, =y 32fts 2+ 20 fts 2 =38 fts.

b ince v, = 0 at the ma imum height and the hori ontal velocity stays constant then
the speed at the top is the same as v, = 32 ft s.

¢ e can infer from the figure or compute fromv, =0=v,, —gr that the time to reach
the top is 0.625s. iththis ecanuse y—y, =v, ¢ —1gt’toobtain 9.3 ft  here yo =

3fthasbeenused . n alternative approach is to use y? = vgy —2g(y—,).

130. edenote v as the velocity of the plane relative to the
ground v  as the velocity of the air relative to the ground
and v  as the velocity of the plane relative to the air.

a hevector diagramissho nontheright v =v +V

ince the magnitudes v and v  are e ual the triangle is
isosceles itht o sides of e ual length.

onsider either of the right triangles formed hen the bisector
of Aisdra n the dashed line . tbhisects v so

sin(@ 2): v 70.0m|_h
2v 2(135 mi h)
hich leads to # =30.1. o0 v makes the same angle ith the line as the
dashed line does ith the line. he indis blo ing in the direction 15.0 north of

est. hus itisblo ing from 75.0 east of south.

b he plane is headed along v in the direction 30.0 east of north. here is another

solution  ith the plane headed 30.0  est of north and the ind blo ing 15 north of
east thatis from 75 est of south .

131. emakeuseof .424and .4 25.
a ithx=180m 6 =30 andv,=43ms e obtain

2 2
y=tan 30° 180m ——2oms. 1BOmM T _ 4y
243 ms ° cos30°
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or y =11m. hisimplies the rise is roughly eleven meters above the fair ay.

b he hori ontal component in the absence of air friction is unchanged but the
vertical component increases see . 424 . he ythagorean theorem then gives the
magnitude of final velocity right before striking the ground 45 m s.

132. e let g, denote the magnitude of the gravitational acceleration on the planet.
number of the points on the graph (including some “inferred” points — such as the ma
height point at x = 12.5 mand ¢ = 1.25 s can be analy ed profitably for future reference

e label ith subscripts the first xo yo = 0 2 at #o=0) and last (“final”) points ((x;
yr =252 att;=25  ith lengths in meters and time in seconds.

a he x component of the initial velocity is found from x; — xo = vo. ¢ herefore
Vo, =25 25=10ms. e try to obtain the y component from

Yr = Yo=0=vw,t, - 38,1
his gives us vp, = 1.25g, and e see e need another e uation by analy ing another
point say the ne tto lastone y — y,=v, 7 — %gptz ith y =6 and r = 2 this produces

our second e uation vo, =2 g,. imultaneous solution of these t o e uations produces
results for vo, and g, relevant to part b . hus our complete ans er for the initial

velocity is ¥= 10ms i+ 10ms .

b saby product of the part a computations e have g,=8.0m 52,

2

. leads to a

¢ olving for z, the time to reach the ground in y, =0=y, + v, t, — 7 g,t
positive ans er ¢, = 2.7 s.

d ithg=98m s? the method employed in part ¢  ould produce the uadratic
e uation —4.9¢2 +10z, +2 =0 and then the positive result 7, = 2.2 s.

133. (a) The helicopter’s speed is v/ = 6.2 ms  hich implies that the speed of the
package isvo =12 —v'=5.8 m s relative to the ground.

b etting x be in the direction of v, for the package and y be do n ard e have
for the motion of the package

2

Ax=v,t and Ay:%gt

here Ay =9.5m. romthese e find 7= 1.39s and Ax = 8.08 m for the package hile
Ax' for the helicopter  hich is moving in the opposite direction is —v'¢f=-8.63 m. hus
the hori ontal separation bet een them is 8.08 — —-8.63 =16.7m =17 m.
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c he components of v at the moment of impact are v, v, = 5.8 13.6 in  units.
he vertical component has been computed using . 2 11. he angle hich is belo
hori ontal for this vector is tan* 13.6 5.8 =67 .

134. he type of acceleration involved in steady speed circular motion is the centripetal
acceleration @ = v*  hich is at each moment directed to ards the center of the circle.
he radius of the circle is = 12 23 =48 m.

a hus if at the instant the car is traveling clockwise around the circle itis 48 m est
of the center of its circular path.

b he same result holds here if at the instant the car is traveling counterclockwise. hat
is itis48 m est of the center of its circular path.

135. a sing the same coordinate system assumed in .4 21 and .4 22 so that &
=-20.0 e use vp = 15.0 m s and find the hori ontal displacement of the ball at 7 =
2.30s

Ax = (v, €086, )t =324 m.
b he vertical displacement is Ay =(v,sin 6, )z —%gtz =-37.7m.

136. e take the initial x, y specification to be 0.000 0.762 m and the positive x

direction to be towards the “green monster.” The components of the initial velocity are
3353 £55° — 19.23 27.47 m s.

a ithr=5.00s ehavex=xg w=96.2m.

b tthattime y =y, v, 7 — 3g° =1559m hichis4.31 mabove the all.

c hemomentin uestion is specified by r=4.50s. tthattime x — xp= 19.23 4.50
=86.5m.

d he vertical displacementis y =y, v, 7 — 3 gt =25.1m.

137.  hen moving in the same direction as the et stream of speed vs the time is
t=d v, +v, hered=4350 km is the distance and v,, =966 km h is the speed of the
et relative to the air.  hen moving against the et stream the timeis #'=d v, —v,

ith #/—7=50min= 5 6 h. ombining the e pressions gives

, d d 2dv 5
t'—t= - = s _=—_h
v, —v. v. +v. Vv —v° 6

Jja s ja s Jja s
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pon rearranging and using the uadratic formula to solve for v, e get vs = 88.63 km h.

138. e establish coordinates ith i pointing to the far side of the river perpendicular
to the current and ~ pointing in the direction of the current. e are told that the

magnitude presumed constant of the velocity of the boat relative to the ater is
v,, =6.4kmh. tsangle relative to the x a isis 6. ith km and h as the understood

units the velocity of the ater relative to the ground is v, = 3.2

(a) To reach a point “directly opposite” means that the velocity of her boat relative to
ground must be v,, —v,.« here v>0isunkno n. hus all components must cancel

in the vector sum
Vo V., =V

hich means the u sin 9= -3.2 so O=sin* -3.26.4 =-30 .

b sing the result from part a e find vyg = v, COS@ = 5.5 km h. hus traveling a
distance of / =6.4 km re uires a time of 6.4 5.5 =1.15 h or 69 min.

c f her motion is completely along the y a is as the problem implies then ith v,, =
3.2km h the aterspeed e have

D D
otal = =1.33h
v, % Voo — V

w wg w wg

here D =3.2km. hisis e uivalent to 80 min.

d ince
D D D D

+ ng

wa ng wa - ng wa - ng wa

the ans er is the same as in the previous part i.e. ¢ .. = 80 min.

total

e he shortest time path should have = 0. his can also be sho n by noting that the
case of general ¢ leads to

Vig = Vi Vg =V, LUS i v,sind Vig
- [ :
here the x component of v,, muste ual /#. hus t=——— hich can be
v,,C0s0

minimi ed using the condition dr d6=0. he above e pression leadsto7=6.46.4=1.0
h or 60 min.

forum.konkur.in



www.konkur.in

Chapter

1. e are only concerned ith hori ontal forces in this problem gravity plays no direct
role. e take ast as the x direction and orth as y. his calculation is efficiently
implemented on a vector capable calculator using magnitude angle notation ith
units understood .

a=

F_(90£0°)+ (80 £118) _(29 2 5%)
m 30 o

herefore the acceleration has a magnitude of 2.9 m s°.

2. We apply Newton’s second law (Eq. 51 or e uivalently .52 . he net force
applied on the chopping block is ., = F, + F,  here the vector addition is done using

et

unit vector notation. he acceleration of the block is given by a = (17“l + 17“2) m.
a n the first case

F+Fy=[(30 )i+ (40 ) |+|(-80 )i+ (-40 )'|=0
50 G=0.

b nthe second case the acceleration a e uals

FlJrF-z:((s.o )i+ (40 ))+((-30 )i+ (40 )

- 40ms®
m 2.0kg
¢ nthis final situation a is
F1+F'2:((3-0 )i+ (40 ))+((30 )i+ (40 )A): somet |

m 2.0kg

3. We apply Newton’s second law (specifically, Eq. 5 2 .

a e find the x component of the force is

F, =ma, =ma cos 20.0°=(1.00kg) (2.00m s* ) cos 20.0°=1.88

b he y component of the force is

195
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F,=ma,=masin 20.0°=(1.0kg) (2.00m ) sin 20.0°=0.684
C nunit vector notation the force vector is
F=F.+F =188 i+ 0684
4. ince v =constant ehave a=0 hichimplies
F.=FE +FE=mi=0.
hus the other force must be
f=-F=-2 i+6 .
5. he net force applied on the chopping block is F, = F, + F, + F, here the vector
addition is done using unit vector notation. he acceleration of the block is given by
i=(F,+F+F) m

a he forces e erted by the three astronauts can be e pressed in unit vector notation as
follo s

F =32 (cos30°+sin30°)= 27.7 i+ 16
F, = 55 (cos 0°1 + sin O°A): 55 i
7

= 41 (cos(-60°)i + sin(-60°)")= 205 i- 355
he resultant acceleration of the asteroid of mass m = 120 kg is therefore

2§:(217?+16j 4{55ﬂ +(205i—355j osm e o1emet”
120 kg

b he magnitude of the acceleration vector is

|ﬂ=Jﬁ4wﬁ=J086m§2+(@16m§f:088m§.

c hevector a makesanangle 8 iththe xa is

here

_ 2
6 =tan™ D _tant &mi =-11°.
a, 0.86ms
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6. Since the tire remains stationary, by Newton’s second law, the net force must be zero:

F, =F +F,+F.=ma=0.
rom the free body diagram sho non the right e have

0=>F,, =F.cos¢—F, cosf
0=> F,=F,sin0+F.sing—F,

o solve for F, e first compute ¢. ith F, =220
F.=170 and 6=47° e get

08 = F,cosf 220 cos47.0° _0883 = ¢=28.0°
F. 170 ' '

ubstituting the value into the second force e uation e find
F,=F,;sin@+F.sing= 220 sin47.0°+ 170 sin28.0=241

7. THINK A box is under acceleration by two applied forces. We use Newton’s second
la to solve for the unkno n second force.

EXPRESS e denote the t o forces as F; and F,. ccording to Newton’s second law,
F, + F, =ma so the second force is F, =md — F,. ote that since the acceleration is in
the third uadrant ee pect ﬁz to be in the third uadrantas ell.

ANALYZE a n unit vector notation %, =(200 )i and

a=—(12.0sin 30.0°m s )i —(12.0c0s 30.0°ms*) " =—(6.00 m s )i —(10.4 m s*) .
herefore e find the second force to be
F ma — F
=(2.00 kg)(-6.00m s’ )i+ (2.00 kg)(-104ms*)" - (200 )i

A

(320 )i— (208 ).

b he magnitude of F, is F, =\/in+in -] 320 2+ -20.8 ?=38.2

¢ he angle that 17“2 makes ith the positive x a is is found from
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F —
tang=| =~ :£:0_656_
F, ) =32.0

onse uently the angle is either 33.0 or 33.0 180 = 213 . ince both the x and y
components are negative the correct result is ¢ = 213 from the x a is. n alternative
ans eris 213°-360°=-147°.

LEARN he result is sho n in the figure on the right. y
he calculation confirms our e pectation that F, lies in !
the third uadrant same as a . he net force is

E

net

=F +F,=(20.0 )i+[(—32.0 )i (208 )A]
=(-120 )i- (208 )

hich points in the same direction as a .

8. enotethat ma = -16 i 12 . ith the other forces as specified in the
problem, then Newton’s second law gives the third force as

Fa=ma—F, — Fy= -34  i— 12

9. o0 solve the problem e note that acceleration is the second time derivative of the
position function it is a vector and can be determined from its components. he net force
is related to the acceleration via Newton’s second law. Thus, differentiating

xt =-15.0+2.007+4.00° t ice ithrespecttos e get

2
#_p00-1207 F_ 2400
d d

imilarly differentiating y  =25.0+7.00r—9.00¢* t ice ith respect to 7 yields

2
Y _700-180r 42— 180
dt dt
a he acceleration is
— ~ ~ dZXc dzy'*
a=alta, =—5I1+—7
’ dt dt

— 240t 1+ —18.0 .

t7=0.700s ehave a= —16.8 i+ —18.0 ith a magnitude of

G =\ -168%+ —1807%=246ms’.

a
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hus the magnitude of the force is F =ma= 0.34kg 24.6ms’ =8.37

b heangle F or a=F m makes ith +x is

_ 2
6=tant| & | = tan | Z20MS 1 47,00 0r ~133°.
a -16.8ms

X

e choose the latter —133° since F is in the third uadrant.

c he direction of travel is the direction of a tangent to the path  hich is the direction
of the velocity vector

Vio=vi+y A B 00-12.0 i+ 7.00-18.0¢ .
Y de de

t 7=0.700s ehave v r=0.700s = —3.88ms i+ —5.60ms . herefore the angle
v makes ith +x is

0, =tan™ U)o tant| 209MS ) g5 0 0r 195,
v -3.88ms

pY

e choose the latter —125° since v is in the third uadrant.
10. o solve the problem e note that acceleration is the second time derivative of the
position function, and the net force is related to the acceleration via Newton’s second

la . hus differentiating

x ¢ =-13.00+2.00z +4.00¢* —3.00¢°

t ice ithrespecttor e get

2
s =2.00+8.00¢ —9.007° d—f =38.00-18.0r
dt dt

he net force acting on the particle at #=3.40s is

2
ﬁ:m%iz 0.150 [8.00-18.0 3.40 Ji= ~7.98 i

11. he velocity is the derivative ith respect to time of given function x and the
acceleration is the derivative of the velocity. hus a=2¢—-32.0 2.0¢ hich eusein
Newton’s second law: F'= 2.0kg a=4.0c—24¢ ith unitsunderstood. tr=3.0s

earetoldthat F= -36 . hus —36 =4.0c — 24 3.0 can be used to solve for ¢. he
resultisc= 9.0 m s2.
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12. rom the slope of the graph e find a, = 3.0 m s°>. Applying Newton’s second law to
the x a is and taking 6 to be the angle bet een Fyand F, e have

F, F,cos0 = ma, = 6O=56°.

13. a rom the fact that 75 = 9.8 e conclude the mass of disk D is 1.0 kg.  oth this
and that of disk C cause the tension 7, = 49 hich allo s us to conclude that disk C
has a mass of 4.0 kg. he eights of these t o disks plus that of disk B determine the
tension 7; = 58.8 hich leads to the conclusion that m; = 1.0 kg. he eights of all
the disks must add to the 98  force described in the problem therefore disk 4 has mass
4.0 kg.

b mz=1.0kg asfoundin part a.
¢ mc=4.0kg as found in part a.
d mp=1.0kg asfoundinpart a.
14. hree vertical forces are acting on the block the earth pulls do n on the block ith

gravitational force 3.0  a spring pulls up on the block ith elastic force 1.0  and the
surface pushes up on the block ith normal force F. here is no acceleration so

> F,=0=F,+ (1.0 )+ (-3.0 )
yields Fiy=2.0

a By Newton’s third law, the force exerted by the block on the surface has that same
magnitude but opposite direction 2.0

b hedirectionisdo n.

15. THINK e have a piece of salami hung to a spring scale in various ays. he
problem is to e plore the concept of eight.

EXPRESS e first note that the reading on the spring scale is proportional to the eight
of the salami. n all three cases a — c depicted in 1ig. 534 the scale is not
accelerating  hich means that the t o cords e ert forces of e ual magnitude on it. he
scale reads the magnitude of either of these forces. n each case the tension force of the
cord attached to the salami must be the same in magnitude as the eight of the salami
because the salami is not accelerating. hus the scale reading is mg  here m is the mass
of the salami.

ANALYZE nall three cases a — ¢ the reading on the scale is

w=mg= 11.0kg 9.8ms? =108
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LEARN he eight of an obect is measured hen the ob ect is not accelerating
vertically relative to the ground. fitis then the eight measured is called the apparent
eight.

16. a here are si legs and the vertical component of the tension force in each leg is
T'sin@ here @=40°. or vertical e uilibrium ero acceleration in the y direction then
Newton’s second law leads to

mg

67sind =mg = T = —
6sind

which (expressed as a multiple of the bug’s weight mg gives roughly 7 mg ~0.26 0.

b heangle is measured from horizontal, so as the insect “straightens out the legs” &
ill increase getting closer to 90°  hich causes siné to increase getting closer to 1
and conse uently since sin@is in the denominator causes 7'to decrease.

17. THINK A block attached to a cord is resting on an incline plane. We apply Newton’s
second la to solve for the tension in the cord and the normal force on the block.

EXPRESS he free body diagram of the problem

is sho n to the right. ince the acceleration of the y
block is zero, the components of Newton’s second Fy X
la e uation yield \/

T—mgsin@ =0
Fy—mgcos 8 =0

here T is the tension in the cord and Fy is the
normal force on the block.

mg mgcos@

ANALYZE a olving the first e uation for the tension in the string e find
T =mgsing=(85kg)(98 m s?)sin30° =42
b e solve the second e uation above for the normal force Fy
F, =mgcos0 = (85 kg)(9.8 ms*)cos 30° =72

c  hen the cord is cut it no longer e erts a force on the block and the block
accelerates. he x component of the second la becomes —mg sind = ma so the
acceleration becomes

a=-gsinf=—9.8ms* sin30°= -4.9 ms’.
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he negative sign indicates the acceleration is do n the plane. he magnitude of the
acceleration is 4.9 m s,

LEARN he normal force F, on the block must be e ual to mgcosé so that the block

IS in contact ith the surface of the incline at all time.  hen the cord is cut the block
has an acceleration a=—gsin@ hich in the limit & —90° becomes —g as in the case

of a free fall.

18. he free body diagram of the cars is sho n on the right. he force e erted by ohn
assis is

F=25mg=2580Kkg 9.8ms? =1960

ince the motion is along the hori ontal x axis, using Newton’s
second la e have Fx=Fcos@=Ma_ here M is the total

mass of the railroad cars. hus the acceleration of the carsis ~ @& ——-—--—-—— > Fx

¥
I
I
I
|

_Fcos¢ 1960 cos30°

a, = - —=0.024ms’.
M 7.0x10 98ms

sing .2 16 the speed of the car at the end of the pull is Mg’

v, =[2a,Ax =\[20.024ms? 1.0m =0.22ms.

19. THINK In this problem we’re interested in the force applied to a rocket sled to
accelerate it from rest to a given speed in a given time interval.

F

net

EXPRESS In terms of magnitudes, Newton’s second law is ' = ma here F =

a=d and misthe al ays positive mass. he magnitude of the acceleration can be

found using constant acceleration kinematics able2 1. olving v =v, at for the case

here it starts from rest e have a = v¢ hich e interpret in terms of magnitudes
making specification of coordinate directions unnecessary . hus the re uired force is
F=ma=mv t.

ANALYZE pressing the velocity in  units as
v= 1600 kmh 1000 m km 3600sh =444 ms

e find the force to be

F :m;:(SOOkg) Addmys

1.8s

=1.2x10°
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LEARN romthee pression F=mv ¢t e see that the shorter the time to attain a given
speed the greater the force re uired.

20. he stopping force F and the path of the passenger are hori ontal. ur xa isisin
the direction of the passenger’s motion, so that the passenger’s acceleration
(‘““deceleration” ) is negative valued and the stopping force is in the —x direction

F=-F1. sing .216 ith
v= 53kmh 1000mkm 3600sh =14.7ms

and v =0 the acceleration is found to be

v, _ 147ms?

_ - =-167 ms®.
2ax ~ 2(0.65m)

vV =V +2aAx = a=

ssuming there are no significant hori ontal forces other than the stopping force .51
leads to

F=mi = -F=(41kg)(-167m/s?)

hich results in F = 6.8 x 10°

21. a he slope of each graph gives the corresponding component of acceleration.
hus e find @, = 3.00 m s? and a, = -5.00 m s, he magnitude of the acceleration
vector is therefore

a=y3.00ms? 2+ —5.00m s? > =5.83 m s’

and the force is obtained from this by multiplying ith the mass m =2.00 kg . he result
is FF=ma=11.7

b he direction of the force is the same as that of the acceleration
f=tan* -500ms®> 3.00ms? =-59.0°

22. a he coin undergoes free fall. herefore ith respect to ground its acceleration is

a, =g=-98ms’ .

b ince the customer is being pulled do n ith an acceleration of
a =1.24g= -12.15..5°>  the acceleration of the coin ith respect to the
customer is

customer

=ad, —dy = —9.8Ms? — —1215ms® = +235ms? .

coin — “customer

Qi

re
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c he time it takes for the coin to reach the ceiling is

‘= ﬁ—\/—2 220M 575,

A\ 2.35ms?

arel

d ince gravity is the only force acting on the coin the actual force on the coin is

F_ =md, =mg= 0567x10°kg -9.8ms?® = —5.56x107

coin coin

(e) In the customer’s frame, the coin travels up ard at a constant acceleration. herefore
the apparent force on the coin is

F, =ma, = 0567x10° kg +2.35ms® = +1.33x10°

app
23. e note that the rope is 22.0 from vertical and therefore 68.0 from hori ontal.

a ith7T=760 then its components are
T=Tw-680°1 Tsin68.0° =285 i 705

(b) No longer in contact with the cliff, the only other force on Tarzan is due to earth’s
gravity his eight. hus

F,=T+W= 28 i 705 ~—-80 =28 i- 115

c n a manner that is efficiently implemented on a vector capable calculator e
convert from rectangular x y components to magnitude angle notation

F,, = (285 —115) — (307 £ - 22.0°)
so that the net force has a magnitude of 307

d heangle seepart ¢ has been found to be —22.0 or 22.0 belo hori ontal a ay
from the cliff .

—

e incea=F

net

/m herem=Wg=837kg eobtain g =367 m/s*.

f .51re uiresthat || F_ so that the angle is also —22.0 or 22.0 belo hori ontal
a ay from the cliff .

24. e take right ard as the x direction. hus F, = 20 i. neachcase e use
Newton’s second law F, + F, = ma  here m = 2.0 kg.
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a f a= +10ms? i thenthee uation above gives F, = 0.

b f a= +20ms? i thenthate uationgives F,= 20 i.
¢ f a=0 thenthee uationgives £, = —20 1.

d fa= -10ms® i thee uationgives F, = —40 .

e f a= —20ms® i thee uationgives F, = —60 1.

25. a he acceleration is

F_2 oo m/s* .
m  900kg

b he distance traveled in 1 day =86400s is
s = %atz =% (00222 m/s?) (86400s)° = 83 x 10" m .

¢ hespeedit ill betraveling is given by
v =at =(0.0222 m/s*)(86400 s) =1.9 x 10° m/s .

26. ome assumptions not so much for realism but rather in the interest of using the
given information efficiently are needed in this calculation e assume the fishing line
and the path of the salmon are hori ontal. hus the eight of the fish contributes only
via .5 12 to information about its mass m = Wg=87Kkg. ur xa isisin the
direction of the salmon’s velocity (away from the fisherman), so that its acceleration
(““deceleration™) is negative valued and the force of tension is in the —x direction

T'=-T. euse .216and units notingthatv=0 .

2 2
V= 4 2ahx = a=-Yo - 28MS°_ agne
2Ax 2(0.11m)
ssuming there are no significant hori ontal forces other than the tension .5 1 leads

to

T=mi = -T=(87kg)(-36m/s’)

hich results in 7= 3.1 x 10?
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27. THINK n electron moving hori ontally is under the influence of a vertical force. ts
path ill be deflected to ard the direction of the applied force.

EXPRESS he setup is sho n in the figure belo . he acceleration of the electron is
vertical and for all practical purposes the only force acting on it is the electric force. he
force of gravity is negligible. e take the x a is to be in the direction of the initial
velocity vp and the y a is to be in the direction of the electrical force and place the
origin at the initial position of the electron.

Y (x,y)
|
|
|

ince the force and acceleration are constant e use the e uations from able 2 1

x=v,t and
1, 1(F),
——a? ==|— |
77 Z(mj

ANALYZE he time taken by the electron to travel a distance x =30 mm hori ontally
is ¢ = x vo and its deflection in the direction of the force is

1F(xY 1( 45x10" 30x10°m Y
y=== (_j =_[ : j( ] ~15x10° m.

2mlv,) 21911x10%kg )|1.2x10" ms

LEARN ince the applied force is constant the acceleration in the y direction is also
constant and the path is parabolic ith y oc x°.

28. he stopping force F and the path of the car are hori ontal. hus the eight of the
car contributes only via .5 12 to information about its mass m = W g = 1327 kg .

ur x ais is in the direction of the car’s velocity, so that its acceleration
(‘““deceleration”) is negative valued and the stopping force is in the —x direction

F=-F1.
a euse .216and units notingthatv=0and vy =40 1000 3600 =11.1ms.

2 2
V=V +2aAx = a=-— Vo _ 11.1ms
2Ax  2(15m)

hich yields a = — 4.12 m's%.  ssuming there are no significant hori ontal forces other
than the stopping force .5 1 leads to
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F=mi = -F=(1327kg) (-412 m/s%)
hich results in F = 5.5 x 10°
b uation 2 11 readily yields t = —vpa = 2.7 s.
c eeping F the same means keeping a the same in hich case sincev=0 .2 16

e presses a direct proportionality bet een Ax and v;. herefore doubling vo means
uadrupling Ax. hatis the ne over the old stopping distances is a factor of 4.0.

d uation 2 11 illustrates a direct proportionality bet een ¢ and v, so that doubling one
means doubling the other. hat is the ne time of stopping is a factor of 2.0 greater than
the one found in part b .

29. e choose up as the y direction so @ = —3.00m s?  hich ithout the unit

vector e denote as a since this is a 1 dimensional problem in hich able 2 1 applies .
rom .5 12, we obtain the firefighter’s mass: m = W g = 72.7 kg.

a e denote the force e erted by the pole on the firefighter F;p =F, " and apply

51. ince F.. =ma e have

net
F,—F,=ma = F,-712 = T727kg -3.00ms’
hich yields Fy, = 494

b he fact that the result is positive means ﬁfp points up.

(c) Newton’s third law indicates F;, = —F hich leads to the conclusion that

pf
F. =494

pf
d he direction of £ isdo n.

30. he stopping force F and the path of the toothpick are hori ontal. ur xa isisin
the direction of the toothpick’s motion, so that the toothpick’s acceleration
(‘““deceleration”) is negative valued and the stopping force is in the —x direction

F=_Fu. sing .216 ithvy=220msandv =0 the acceleration is found to be

2 2
V=12 4 2ahx = a=— - 220MS" _ 461,108 ms.
2Ax  2(0.015m)
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hus the magnitude of the force e erted by the branch on the toothpick is
F=m a = 13x10" kg 1.61x10° ms® =2.1x10?

31. THINK n this problem e analy e the motion of a block sliding up an inclined
plane and back do n.

EXPRESS he free body diagram is sho n belo . F, is the normal force of the plane
on the block and mg is the force of gravity on the block. e take the x direction to be

up the incline and the y direction to be in the direction of the normal force e erted by
the incline on the block.

mg mgcos @

he x component of Newton’s second law is then mgsin 8 = —ma thus the acceleration
IS a =—gsin 6. lacing the origin at the bottom of the plane the kinematic e uations

able 2 1 for motion along the x a is hich e ill use are v’ =17 +2ax and
v=v,+at. he block momentarily stops at its highest point here v = 0 according to
the second e uation this occurs at time 7 =—v,/a.

ANALYZE a he position here the block stops is

x:vt+1a12:v (_—voj+la£_—v°j2 :—lﬁ:—l 350ms ° =1.18 m.
“ 2 Na) 2 a 2.a 2 —(9.8m52)sin 32.0°

b he time it takes for the block to get there is

s Yo Vo 3.50ms

— - =— o =0.674 s.
a —gsin 6 —9.8ms° sin 32.0°

c hat the return speed is identical to the initial speed is to be e pected since there are
no dissipative forces in this problem. n order to prove this one approach is to set x =0

and solve x = vt +Zar’ for the total time up and backdo n # he result is
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2y 2vy _ 2(350ms)

a —gsind  —9.8m s? sin 32.0°

=1.35s.

he velocity hen it returns is therefore

v =v,+at = v,—gtsin §=350ms — 9.8ms’ (1.35s)sin32°=—3.50 ms.

he negative sign indicates the direction is do n the plane.

LEARN s e pected the speed of the block hen it gets back to the bottom of the
incline is the same as its initial speed. s e shall see in hapter 8 this is a conse uence
of energy conservation. f friction is present then the return speed ill be smaller than
the initial speed.

32. a sing notation suitable to a vector capable calculator the Fjet = 0 condition
becomes

-

F. F, F, = 6.00150 700/-600 F, =0,

hus Fo = 170 i 3.06

b constant velocity condition re uires ero acceleration so the ans er is the same.

¢ o theacceleration is

a

13.0m s? i— 14.0m s?
sing Fox =m a ithm=0025kg eno obtain

F, =202 i 271

33. he free body diagram is sho nbelo . etT be the tension of the cable and mg be
the force of gravity. fthe up ard direction is positive then e ton’s second law is 7 —
mg =ma here a is the acceleration.

hus thetensionisT=m g a . e use constant acceleration kinematics able2 1 to
find the acceleration  here v = 0 is the final velocity vy =—12 m s is the initial velocity
and y=-42m is the -coordinate at the stopping point. onse uently

V2 = v} + 2ay leads to
ve _ (-12m s)’

= = ") _1.71m s?.
2y 2(-42m)

a =—

e no return to calculate the tension
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T
T=m(g +a)
= (1600 kg) (98 m §* +171m s*)
=18 x 10
mg

34. eresolve this hori ontal force into appropriate components.

(a) Newton’s second law applied to the x a is
produces

F cos@ — mg sin@ = ma.

or a =0 this yields F = 566

(b) Applying Newton’s second law to the y a is  here there is no acceleration e have
F, —Fsin @—mgcos 8= 0
hich yields the normal force Fy = 1.13 x 10°
35. he acceleration vector as a function of time is

a=@=i(8.ooﬁ+3.00t2 A)ms= 8.00§+6.00 " m s,
di  dr

a he magnitude of the force acting on the particle is

F=ma=m a = 3.00 \/ 8.00 >+ 6.00¢ > = 3.00 «,64.0+36.0t2

hus F=35.0 corresponds to r=1.415s and the acceleration vector at this instant is

G=8001+6.001.415 ms?=800ms? i+ 849ms® .

he angle @ makes ith xis

2
0, =tan™ L~ tan 849—m52 =46.7°.
a 8.00ms

X

b he velocity vector at #=1.415s is
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v =[8.oo 1.415 §+3.00 1.415 2 A}m s=11.3ms i+ 6.0lms .

herefore the angle v makes ith xis

0, =tan™ U)ot SOIMS o 00
v 11.3ms

X

36. (a) Constant velocity implies zero acceleration, so the “uphill” force must equal (in
magnitude) the “downhill” force: T = mg sin . hus ith m =50 kg and §=8.0° the
tension in the rope e uals 68

b ith an uphill acceleration of 0.10 m s, Newton’s second law (applied to the x a is
yields

T—mgsin@=ma = T —(50kg)(9.8ms”)sin8.0°=(50kg)(0.10ms)

hich leads to 7= 73

37. a ince friction is negligible the force of the girl is the only hori ontal force on the
sled. he vertical forces the force of gravity and the normal force of the ice sum to ero.
he acceleration of the sled is
F 52

a,=—=——=062ms.
m, 8.4kg
(b) According to Newton’s third la  the force of the sled on the girl isalso 5.2 . er
acceleration is
a :izi:o.lsm/sz.
* m, 40kg

c he accelerations of the sled and girl are in opposite directions. ssuming the girl
starts at the origin and moves in the x direction her coordinate is given by x, :%agtz.

he sled starts at xo = 15 m and moves in the —x direction. ts coordinate is given by
x, =X,—%ags*. heymeet hen x, =x or

2 _ - 2
Eagt =X, 2ast.

‘ 2x,
\/ a, +a,

y then the girl has gone the distance

his occurs at time
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1, xa, _ (15m)(0.13ms?) e
€ 2% g +a 013ms’ +062ms®

=
I

Q

~
I

38. We label the 40 kg skier “m > which is represented as a block in the figure shown.
he force of the ind is denoted F, and might be either “uphill” or “downhill” (it is
sho n uphill in our sketch . he incline angle #is 10 . he —x direction is do nhill.

mg cos @

(a) Constant velocity implies zero acceleration; thus, application of Newton’s second law
along the x a is leadsto mg sin @ — F, =0. hisyields F,, =68  uphill .

b iven our coordinate choice e have a= a = 1.0 m s%. Newton’s second law
mg sin @ — F,, = ma

no leadsto F,, =28  uphill .

c ontinuing ith the forces as sho ninour figure the e uation
mg sin @ — F,, = ma

ill lead to F,, = — 12 hen @ =2.0ms% hissimply tells
us that the ind is opposite to the direction sho n in our sketch

inother ords F =12  downbill.

39. he solutions to parts a and b have been combined here.
he free body diagram is sho n to the right ith the tension of

the string 7 the force of gravitymg and the force of the air
F . ur coordinate system is sho n. ince the sphere is

motionless the net force on it is ero and the x and the y
components of the e uations are

Tsin - F=0
Tcos —-mg=0

here #=37 . eans erthe uestions in the reverse order. olving 7 cos 8 —mg =0
for the tension e obtain
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T=mg cos 0= 3.0x10"kg 9.8ms* cos37 =3.7x107
olving T'sin &— F = 0 for the force of the air
F=Tsin 6= 3.7x10° sin37 =22x10°

40. he acceleration of an ob ect neither pushed nor pulled by any force other than
gravity on a smooth inclined plane of angle #is a = —g sind.  he slope of the graph
sho n ith the problem statement indicates ¢ = —2.50 ms®  herefore e find
6 =14.8°. amining the forces perpendicular to the incline  hich must sum to ero
since there is no component of acceleration in this direction e find Fy = mgcosé here
m =5.00kg. hus the normal perpendicular force e erted at the bo ramp interface is
47.4

41. he mass of the bundle is m = 449 9.80 ms? =458 kg and e choose
up ard.

(a) Newton’s second law, applied to the bundle, leads to

387 —449
45.8 kg

T-mg=ma = a=

hich yields a =-1.4 ms®> or a = 1.4 ms* for the acceleration. he minus sign in the
result indicates the acceleration vector points do n. ny do n ard acceleration of
magnitude greater than this is also acceptable since that ould lead to even smaller
values of tension .

b euse .216 ithAxreplacedbyAy=-6.1m. eassume 1p=0.

M = 2any = \/2(—1.35 ms’)(-6.1m) =4.1ms.

ordo n ard accelerations greater than 1.4 m s the speeds at impact il be larger than
41ms.

42. he direction of motion (the direction of the barge’s acceleration) is + and + is

chosen so that the pull Fh from the horse is in the first uadrant. he components of the
unkno n force of the ater are denoted simply F, and F,.

(a) Newton’s second law applied to the barge, in the x and y directions leads to

(7900 )cos18° +F, = ma
(7900 )sin18°+F, =0

forum.konkur.in



www.konkur.in
214 CHAPTER 5

respectively. lugging in @ = 0.12 m s* and m = 9500 kg e obtain F, = — 6.4 x 10°
and F, = —2.4x10° . he magnitude of the force of the ater is therefore

F ye =F’ + F? =68 x 10°

b tsangle measured from + is either

-1 F;/ _ o o
tan [7] = + 21°0r201°.

X

he signs of the components indicate the latter is correct so F .. is at 201° measured
counterclock ise from the line of motion xa is.

43. THINK  chain of five links is accelerated vertically up ard by an e ternal force.
e are interested in the forces e erted by one link on its ad acent one.

EXPRESS he links are numbered from bottom to top. he forces on the first link are
the force of gravity mg do n ard and the force F,,,, of link 2 up ard as sho nin
the free body diagram belo not dra n to scale. ake the positive direction to be
upward. Then Newton’s second law for the first link is F, , —mg=ma. he e uations
for the other links can be ritten in a similar manner see belo

F3on2 F4on3 F50n4 F
A A A A
FZonl
}11] ’722Jr }173 ’724 ’715
F I
mlg mg lon2 msg F2on3 myg F3on4 msg F4on5

ANALYZE a iven that a=2.50m s* fromF, ,—mg=ma the force e erted by
link 2 on link 1 is

F

2onl

=m, a+g = 0.100kg 2.5m s*+9.80m s* =1.23

b rom the free body diagram above e see that the forces on the second link are the
force of gravity m,g do n ard the force F,_, oflink1 do n ard and the force F, ,
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of link 3, upward. According to Newton’s third law F, , has the same magnitude as

on2

F,.... Newton’s second law for the second link is

F:",onZ _FionZ —m,g =n,a

SO
Fsop=moa g Fim= 0100kg 250ms* 9.80ms* 123 =246

(c) Newton’s second law equation for link 3 is Fionz — Fon3 — m3g = mza SO
Fros=msa g Fong= 0100 250ms® 9.80ms® 246 =3.69

where Newton’s third law implies Foonz = F3onz  Since these are magnitudes of the force
vectors .

(d) Newton’s second law for link 4 is
Fsona — Faona — mag = mya
SO
Fsow=msa g Fans= 0100kg 250ms® 9.80ms® 3.69 =4.92
where Newton’s third law implies F3ons = Faons.
(e) Newton’s second law for the top link is F'— Fyons — msg = msa SO
F=msa g Fans= 0100kg 250ms®> 9.80ms*® 492 =6.15

here Fyons = Fsona by Newton’s third law.

f ach link has the same mass m, =m, =m, =m, =m, =m and the same acceleration
so the same net force acts on each of them

Frt=ma= 0.100kg 2.50 ms® =0.250

LEARN n solving this problem e have used both Newton’s second and third laws.
ach pair of links constitutes a third la force pair ith £ . =—F

ion oni*

44. (a) The term “deceleration” means the acceleration vector is in the direction opposite
to the velocity vector  hich the problem tellsusisdo n ard. hus ith yup ard
the acceleration is a = 2.4 m s°. Newton’s second law leads to

T
g+a

T'—-mg=ma = m=

hich yields m = 7.3 kg for the mass.
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b  epeating the above computation no to solve for the tension itha= 2.4 ms?
ill of course lead us right back to 7=89 . ince the direction of the velocity did not
enter our computation this is to be e pected.

45. a he mass of the elevator is m = 27800 9.80 =2837 kgand ith yup ard the
acceleration isa = 1.22 m s°. Newton’s second law leads to

T—-mg=ma = T:m(g+a)

hich yields 7= 3.13 x 10"  for the tension.
(b) The term “deceleration” means the acceleration vector is in the direction opposite to
the velocity vector  hich the problem tells us isup ard. hus ith yup ard the
acceleration isno @ =-1.22 ms? so that the tension is

T=mg a =243x10"

46. ith ac meaning “the acceleration of the coin relative to the elevator” and aeg
meaning “the acceleration of the elevator relative to the ground,” we have

dee deg=aeg = -8.00mMS® geg=-9.80ms’

hich leads to @y = —1.80 m s?. e have chosen up ard as the positive y direction.
Then Newton’s second law (in the “ground” reference frame) yields 7—m g = m aey Of

T=mg mag=mg ag = 2000kg 8.00ms* =16.0k .

47. sing .4 26 the launch speed of the pro ectile is

b= f gR  [9.8ms® 69m _2659ms
® Y\sin20 sin2 53° ' '

he hori ontal and vertical components of the speed are

v, =v,C0s0 = 26.52ms cos53°=15.96ms
v, =y,sinf= 26.52ms sin53°=21.18 ms.

ince the acceleration is constant e can use . 2 16 to analy e the motion. he
component of the acceleration in the hori ontal direction is

2 2
g =Yoo 1990MS”_ non e
2x 25.2m cosb3°

and the force component is
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F.=ma, = 85kg 40.7ms’ =3460

imilarly in the vertical direction e have
2

v,  2118ms°?

a, =——= _
¥ 2y 252m sin53°
and the force component is

=54.0m s>,

2 2
F,=ma,+mg= 85kg 54.0ms"+9.80ms” =5424

hus the magnitude of the force is

F=\F?+F’=\3460 *+ 5424 *=6434 ~64x10°
tot o significant figures.
48. Applying Newton’s second law to cab B of mass m e have
a=L - ¢g=489ms’.
et eapplyittothebo of massm, to find the normal force

Fx=myg a =176

49. he free body diagram not to scale for the block is sho nto
the right. ﬁN is the normal force e erted by the floor and mg is
the force of gravity.

Rt

y
|
|
|
|

4

a he x component of Newton’s second law is F' c0S8 = ma
here m is the mass of the block and a is the x component of its
acceleration. e obtain

v mg
Fcosd (120 )cos25.0°
a = =
m 500kg

=218 m s°.

his is its acceleration provided it remains in contact ith the floor. ssuming it does e
find the value of Fiy and if Fy is positive then the assumption is true but if F is negative
then the block leaves the floor . he y component of Newton’s second law becomes

Fy Fsind—mg=0

SO
Fy=mg—Fsind= 500kg 9.80ms? — 12.0 sin25.0°=43.9
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ence the block remains on the floor and its acceleration is @ = 2.18 m s°.

b f Fis the minimum force for hich the block leaves the floor then F =0 and the y
component of the acceleration vanishes. he y component of the second la becomes

5.00kg)(9.80 2
s _{ 9)( ms’) ~116
sin@ sin 25.0°

Fsinfd-mg=0 = F=

c he acceleration is still in the x direction and is still given by the e uation developed
inpart a
g Fcos® 116  cos 25.0°
m 5.00 kg

=21.0m s°.

50. a he net force on the system of total mass M = 80.0 kg is the force of gravity
acting on the total overhanging mass m;c = 50.0 kg .  he magnitude of the acceleration
is therefore a = myc g M =6.125 m s°>. Next we apply Newton’s second law to block C
itself choosing down as the y direction and obtain

mcg — TBC = mca.
his leads to T = 36.8

b euse .2 15 choosing rightward asthe x direction Ax=0 %atz =0.191 m.

51. he free body diagrams for m, and m, are sho n in the figures belo . he only

forces on the blocks are the up ard tension 7 and the do n ard gravitational forces
F, =mgand F,=m,g. pplying e ton’ssecondla e obtain

<
> <

H
~

T'-mg=ma l
m,g —T =m,a
hich can be solved to yield
my +my
ubstituting the result back e have
m, +m,

a ith m =1.3 kgand m, =2.8 kg the acceleration becomes

—>
]|
<o
vE
S
]

Sl
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a_(z.so kg—1.30kg

9.80m s®> =3.59 m s*~3.6 m s°.
2.80kg+1.30kg

b imilarly the tension in the cord is

7_21.30kg 2.80Kg o o0 104 17

1.30kg+2.80kg

52. ie ing the man rope sandbag as a system means that e should be careful to

choose a consistent positive direction of motion though there are other ays to proceed

say, starting with individual application of Newton’s law to each mass). We take down as

positive for the man’s motion and up as positive for the sandbag’s motion and, without

ambiguity denote their acceleration as a. he net force on the system is the different

bet een the eight of the man and that of the sandbag. he system mass is msys = 85 kg
65 kg=150kg. hus .5 1leadsto

85kg 9.8ms* — 65kg 9.8ms® =m, a

sys

hich yields @ = 1.3 m s%. ince the system starts from rest . 2 16 determines the
speed after traveling Ay =10m as follo s

v=\2aAy =J213ms* 10m =51ms.

53. We apply Newton’s second law first to the three blocks as a single system and then to
the individual blocks. he x direction is to the rightin ig. 5 48.

a ithmys=mg my m3=67.0kg eapply .5 2tothex motion of the system
in hich case there is only one force 7, = + T, i. herefore

I,=mya — 650 = 67.0kga

hich yields @ = 0.970 m s? for the system and for each of the blocks individually .

b pplying .52toblockl efind
T, = ma = (12.0kg)(0.970ms*) =11.6

¢ nordertofind 7, e can either analy e the forces on block 3 or e can treat blocks
1and 2 as a system and e amine its forces. e choose the latter.

T, =(m,+m,)a = (12.0kg+24.0 kg)(0.970 m s*) = 34.9
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54. irst e consider all the penguins 1 through 4 counting left to right as one system
to hich eapply e ton’ssecond law:

T,= (m+m,+my+m)a = 222 = (12kg+ m,+15kg + 20kg)a.
econd e consider penguins 3 and 4 as one system for hich e have

T,-T, = (m3+m4)a
111 = (15kg+ 20kg)a = a=3.2ms’,

ubstituting the value e obtain m;, = 23 kg.

55. THINK n this problem a hori ontal force is applied to block 1 hich then pushes
against block 2. oth blocks move together as a rigid connected system.

EXPRESS he free body diagrams for the t o blocks in a are sho nbelo . F is the
applied force and 17“1 is the force e erted by block 1 on block 2. e note that F is

on2

applied directly to block 1 and that block 2 e erts a force F, ., =—F,,, on block 1
(taking Newton’s third law into account).

A — A =

Fy, Fy

2

—

i :
F”onl F Flon2

\4 mlg’ ¥ ng

Newton’s second law for block 1 is F—F, , =ma here a is the acceleration. he
second la for block 2 is F;,,, =m,a. ince the blocks move together they have the same
acceleration and the same symbol is used in both e uations.

ANALYZE a rom the second e uation e obtain the e pression a=F,, m, hich

e substitute into the first e uation to get F—-F,, ,,=mkF, ., m, ince F,  =F,,
same magnitude for third la force pair e obtain

M, 1.2 kg
m, + m, 2.3kg +1.2 kg

}72 FionZ =

(32 )=11

onl —

b f F is applied to block 2 instead of block 1 and in the opposite direction the free
body diagrams ould look like the follo ing
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F\] E\“’Z

nt, my -
L ﬁ,’ Flon7
FQonI

mg mg

he corresponding force of contact bet een the blocks ould be

Fyom = Fion, = = F = 23 kg (3'2 ):2'1
my, + m, 2.3kg +1.2 kg

c e note that the acceleration of the blocks is the same inthet ocases. npart a the
force £, is the only hori ontal force on the block of mass m, and in part b F, , is

the only hori ontal force on the block ith m; my,. ince F_, =m,a in part a and
F,,.,=ma inpart b then for the accelerations to be the same F, 6 >F ., i.e. force
bet een blocks must be larger in part b .

LEARN his problem demonstrates that hent o blocks are being accelerated together
under an e ternal force the contact force bet een the t o blocks is greater if the smaller
mass is pushing against the bigger one as in part b . n the special case herethet o
massesaree val my=m,=m F, =F, =F 2.

56. oth situations involve the same applied force and the same total mass so the
accelerations must be the same in both figures.

a he direct force causing B to have this acceleration in the first figure ist ice as big

as the direct force causing 4 to have that acceleration. herefore B has the t ice the
mass of A. ince their total is given as 12.0 kg then B has a mass of mp = 8.00 kg and 4
has mass m,4 = 4.00 kg.  onsidering the first figure 20.0 8.00kg =250ms% f
course t?e same result comes from considering the second figure 10.0 4.00 kg =
250ms”.

b F,= 12.0kg 2.50ms? =30.0

57. he free body diagram for each block is sho nbelo . 7T'is the tension in the cord and
¢ = 30 is the angle of the incline. or block 1 e take the x direction to be up the

incline and the y direction to be in the direction of the normal force F, that the plane

e erts on the block. or block 2 e take the y direction to be do n. n this ay the
accelerations of the t o blocks can be represented by the same symbol a ithout
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ambiguity. Applying Newton’s second law to the x and y a es for block 1 and to the y
a isof block 2 e obtain
T'—mgsin 6 = ma
F,—-mgcos =0
m,g — 1T = m,a

respectively. he first and third of these e uations provide a simultaneous set for
obtaining values of ¢ and 7. he second e uation is not needed in this problem since the
normal force is neither asked for nor is it needed as part of some further computation
such as can occur in formulas for friction .

a e add the first and third e uations above
mog —mig Sin 0=ma moa.
onse uently e find

_msin 6 2.30 kg— 3.70 kg sin 30.0° (9.80 m s?
a= (rm, = m, )g _ J J ( ) —0.735m 2.
my +m, 3.70 kg + 2.30 kg

b he result for a is positive indicating that the acceleration of block 1 is indeed up the
incline and that the acceleration of block 2 is vertically do n.

c hetension in the cord is
T=ma+mgsin 0=(3.70kg)(0.735m s*)+(3.70 kg)(9.80 m s* )sin 30.0° =20.8

58. he motion of the man and chair is positive if up ard.
a hen the man is grasping the rope pulling ith a force e ual to the tension 7 in the
rope the total up ard force on the man and chair due itst o contact points ith the rope

is 27. Thus, Newton’s second law leads to

2T — mg = ma
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sothat hen a =0 the tension is 7 = 466

b hen a = 1.30 ms? the e uation in part a predicts that the tension ill be
T =527

¢  hen the man is not holding the rope instead the co orker attached to the ground
is pulling on the rope ith a force e ual to the tension 7 in it there is only one contact
point bet een the rope and the man and chair, and Newton’s second law now leads to

T —mg =ma
so that hena =0 the tension is 7= 931
d hena= 1.30ms? thee uationin ¢ yields 7= 1.05 x 10°
e he rope comes into contact pulling do n in each case at the left edge and the right

edge of the pulley producing a total do n ard force of magnitude 27 on the ceiling.
hus in part a this gives 27" =931

f npart b thedo n ard force on the ceiling has magnitude 27 = 1.05 x 10°
g npart ¢c thedo n ard force on the ceiling has magnitude 27'= 1.86 x 10°
h npart d thedo n ard force on the ceiling has magnitude 27 = 2.11 x 10°

59. THINK his problem involves the application of Newton’s third law. As the monkey
climbs up atree it pullsdo n ard on the rope but the rope pulls up ard on the monkey.

EXPRESS e take y to be up for both the monkey and the package. he force the
monkey pulls do n ard on the rope has magnitude F.

he free body diagrams for the monkey and the
package are sho n to the right not to scale . F
According to Newton’s third law, the rope pulls
up ard on the monkey ith a force of the same
magnitude, so Newton’s second law for forces
acting on the monkey leads to my, My

F—my,g=myay

here m,, is the mass of the monkey and a,, is its mng g
acceleration.

ince the rope is massless F = T is the tension in the rope. he rope pulls up ard on the
package ith a force of magnitude ', so Newton’s second la  for the package is
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F Fy—myg =mpa,

here m, is the mass of the package a, is its acceleration and Fy is the normal force
e erted by the ground on it. o if F is the minimum force re uired to lift the package
then Fy=0and a,=0. ccording to the second la e uation for the package this means
F=m,g.

ANALYZE a ubstituting m,g for F in the e uation for the monkey e solve for a,,

Fomg (m, —m,)g _ (15kg—10kg)(9.8ms*) Caome
" m m 10 kg

m m

a

(b) As discussed, Newton’s second law leads to F'—m,g=m,a, for the package and
F—-m,g=m,a for the monkey. f the acceleration of the package is do n ard then
the acceleration of the monkey isup ard so a;, =—a,. olving the first e uation for

F =mp(g + a;) =mp(g —a,'n)
and substituting this result into the second e uation

’ ’
e solve for a,

- 15kg —10kg)(9.8m s’
a, =(mp mm)g =( ’ g)( me )=2.0msz.
m, +m, 15kg + 10 kg

¢ heresult is positive indicating that the acceleration of the monkey is up ard.

d olving the second la e uation for the package the tension in the rope is
F=m,(g-d,)=(15kg)(9.8ms* - 2.0ms*)=120

LEARN he situations described in b d are similar to that of an t ood machine.
ith m, >m, the package acceleratesdo n ard hile the monkey accelerates up ard.

60. he hori ontal component of the acceleration is determined by the net hori ontal
force.

a fthe rate of change of the angle is

%: 2.00x107 ° s= 2.00x107 ° S-(

7 rad

j =3.49x10*rad s
180°
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then using F,. =Fcos@ e find the rate of change of acceleration to be

dr di
=-590x10* ms®,

x - (3.49x10-4 rad s)

m dr 5.00 kg

da d[Fcosej__Fsineﬁ_ 20.0 sin25.0°
m

b fthe rate of change of the angle is

7 rad
180°

%z— 2.00x107 ° s=—2.00x107 ° S-(

j =-3.49x10*rad s

then the rate of change of acceleration ould be

dt df
=+5.90x10* m s°.

. __ (—3.49><1041 rad s)
m dt 5.00 kg

da d(Fcos@)__FsinHﬁ_ 20.0 sin25.0°
m

61. THINK s more mass is thro n out of the hot air balloon its up ard acceleration
increases.

EXPRESS he forces on the balloon are the force of gravity mg do n and the force of

the air £, up. e take the y to be up and use a to mean the magnitude of the

acceleration. hen the mass is M before the ballast is thro n out the acceleration is
downward and Newton’s second law is

Mg —F, =Ma

fter the ballast is thro n out the mass is M—m  here m is the mass of the ballast and
the acceleration is now upward. Newton’s second law leads to

Fo— M—-mg= M-m a.
ombing thet oe uationsallo s us to solve for m.

ANALYZE he first e uation gives F, = M g —a and this plugs into the ne e uation
to give
2 Ma

M(g—a)—(M—m)g:(M—m)a = m:g+a'

LEARN ore generally if a ballast mass »' is tossed the resulting acceleration is
a’ hichisrelated to m' via
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/
a+a
m =M

g+a

sho ing that the more mass thro n out the greater is the up ard acceleration. or
ad=a egetm' =2Ma g+a  hichagrees ith hat asfound above.

62. o solve the problem e note that the acceleration along the slanted path depends on
only the force components along the path not the components perpendicular to the path.

y

mg
a rom the free body diagram sho n e see that the net force on the putting shot along
the xa isis

F

net x

=F-mgsinf=380.0 — 7.260kg 9.80ms* sin30°=344.4

hich in turn gives
a =F

x net x

m= 344.4 7.260kg =47.44m s’

sing . 2 16 for constant acceleration motion the speed of the shot at the end of the
acceleration phase is

v=\VZ +2a,Ax =\ 2500ms ? +2 47.44ms? 1.650 m =12.76ms.
b f &=42° then

u - Fe. F-mgsing 3800 - 7.260kg 9.80m s? sin42.00°

. =4578m s’
m m 7.260 kg

and the final launch speed is

v=\Z+2aAx = 2500ms ?+2 4578 ms* 1650 m =12.54ms.

c hedecrease in launch speed hen changing the angle from 30.00° to 42.00° is
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12.76 ms-12.54ms
12.76 ms

=0.0169=1.69

63. a he acceleration hich e uals F/m in this problem is the derivative of the
velocity. hus the velocity is the integral of F/m, so we find the “area” in the graph (15
units and divide by the mass 3 to obtain v —v, =153 =5. ince v, = 3.0 ms then
v=38.0ms.

b urpositive ans erinpart a implies v points inthe x direction.

64. he x direction for m,= 1.0 kg is “downhill” and the +x direction for m; = 3.0 kg is
right ard thus they accelerate ith the same sign.

m,g sin@

(a) We apply Newton’s second law to the x a is of each bo

m,g sin@ — T = m,a
F+T=ma

dding thet oe uations allo s us to solve for the acceleration

4o m,gsin@+F

my +m,
ith F=2.3 and #=30° ehavea=18ms’ e plugbackinand find 7=3.1

b e consider the “critical” case where the F has reached the max value causing the
tension to vanish. he first of the e uations in part a sho s that a=gsin30° in this

case thus a =4.9ms% hisimplies along ith 7= 0 in the second e uation in part a
that

F=30kg 49ms? =147 =15
in the critical case.

65. he free body diagrams for m, and m, are sho n in the figures belo . he only

forces on the blocks are the up ard tension 7 and the do n ard gravitational forces
F, =mgand F,=m,g. pplying e ton’ssecondla e obtain
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I-mg=ma
m,g —T =m,a

<
=i
=~

hich can be solved to give sz I, m, m, lﬁ
F
m B >
m, +m

a tr=0 m,=130kg. ith dm dt=-0.200kgs e find the rate of change of
acceleration to be

da _da dm _  2m,g dm _ 2 2.80kg 9.80ms’
dt dm, dt m,+my ° dt 2.80 kg +1.30kg ?

(-0.200 kg s) =0.653m s°.

b t ¢=3.00s m=my+ dm dt t=1.30kg+ —0.200kgs 3.00s =0.700kg and
the rate of change of acceleration is

2
da _da dm _  2m,g : dm _ 2280kg 9.80ms (~0.200kg s)=0.896 m <.
dt  dm, dt m,+m, ~ dt 2.80 kg +0.700 kg

¢ he acceleration reaches its ma imum value hen

O=m =my+ dm dt t=1.30kg+ —0.200Kg's ¢
or +=6.50s.

66. he free body diagram is shown to the right. Newton’s
second la for the mass m for the x direction leads to

I, - T, — mgsin@= ma

hich gives the difference in the tension in the pull cable

T, - T, =m(gsin@ + a) = (2800 kg)[ 9.8ms’ sin35° + 0.81m 52]= 1.8 x 10"

67. irst e analy e the entire system with “clockwise” motion considered positive (that
is do n ard is positive for block C right ard is positive for block B and up ard is

positive for block A mcg—myg=Ma  here M= mass of the system =24.0kg . his
yields an acceleration of

forum.konkur.in



www.konkur.in

229

a=gmc—my M= 1.63 m s2.
e t eanaly e the forces ustonblock C mcg — T =mca. hus the tension is
T=mcg2my mp M=817

68. efirstuse .4 26 to solve for the launch speed of the shot

2
x
-y, = tanf x—=——..
I YT Vcoso ?

ith =34.10° y,=211m and x y =1590m 0 e find the launch speed to be
v'=11.85ms. uring this phase the acceleration is

22 2 ’
Lo Yiove _1185ms®-250ms*® oo o

ince the acceleration along the slanted path depends on only the force components along
the path not the components perpendicular to the path the average force on the shot
during the acceleration phase is

F=ma+gsing = 7.260kg [40.63ms’+ 9.80m s’ sin34.10°|=334.8

69. e begin by e amining a slightly different problem similar to this figure but ithout
the string.  he motivation is that if  ithout the string block 4 is found to accelerate
faster ore actly as fast as block B then returning to the original problem the tension in
the string is trivially ero. n the absence of the string

as=Fy mA:3.Om82

ap=Fjp 1’7’119:4-.0I’T'\S2
so the trivial case does not occur. e no ith the string consider the net force on the
system Ma=F, Fp=36 . ince M=10kg the total mass of the system e obtain a
=3.6ms® het oforcesonblock A4 are F,and 7' in the same direction so e have

mya=F;, T = T=24

70. a For the 0.50 meter drop in “free fall,” Eq. 2 16 yields a speed of 3.13 ms.  sing
this as the “initial speed” for the final motion over 0.02 meter during hich his motion
slows at rate “a ” we find the magnitude of his average acceleration from when his feet

first touch the patio until the moment his body stops moving is a = 245 m s°.

b We apply Newton’s second law: Fisop — mg = ma = Fsop =20.4K .
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71. THINK e have t o bo es connected together by a cord and placed on a edge.
The system accelerates together and we’d like to know the tension in the cord.

EXPRESS he x axis is “uphill” for m; = 3.0 kg and “downhill” for m, = 2.0 kg so
they both accelerate ith the same sign . he x components of the t o masses along the x

a is are given by mygsingand m,gsin@, respectively. he free body diagram is sho n
belo . pplying Newton’s second la e obtain

T-mgsing, = ma
m,gsin 6,—-T = m,a

—

Fy

1

T T’F/\ y

dding thet oe uations allo s us to solve for the acceleration

a:£m25in92 —mlsineljg

m, +m
ANALYZE ith ¢ =30°and 6,=60° e have a =0.45m s?. his value is plugged
back into either of thet o0 e uations to yield the tension

7="1"8 sing, +sing, =16.1
my +my

LEARN n this problem e find m,sin@, >m sing, so that «>0 indicating that m,
slides do n and m, slides up. he situation ould reverse if m,siné, <msing,. hen
m,sin@, =m, sing, the acceleration is a = 0 and the t o0 masses hang in balance. otice
also the symmetry bet eenthet o massesinthee pression for 7.

72. ince the velocity of the particle does not change it undergoes no acceleration and
must therefore be sub ect to ero net force. herefore

hus the third force 17"3 IS given by

I

:_ﬁl_g:—(zhslzk) —(—5i+8A—2I2) =(3i—11A+4f<)

w
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he specific value of the velocity is not used in the computation.

73. THINK e havet o masses connected together by a cord.  force is applied to the
second mass and the system accelerates together. We apply Newton’s second law to solve
the problem.

EXPRESS he free body diagrams for the t o masses are sho n belo not to scale .

e first analy e the forces on m;=1.0 kg. he x direction is “downhill” (parallel to 7 .
ith an acceleration a = 5.5 m s? in the positive x direction for m;, Newton’s second law
applied to the x a is gives

T+mgsinf=ma.

n the other hand for the second mass m,=2.0 kg e have m,g—F—-T=m,a here

the tension comes in as an up ard force the cord can pull not push . het oe uations
can be combined to solve for 7 and .

— —

Fy F

TT

m,

m,g cos B

m —_
28
ANALYZE esolve b first. ycombiningthet oe uationsabove e obtain

fomtm a+F-m,g 10kg+20kg 55ms*> +6.0 — 2.0kg 9.8ms’

mg 1.0kg 9.8ms?
=0.296

sin

hich gives g=17.2°.
a ubstituting the value for g found in a into the firste uation e have
T=m a—gsinB = 10kg [55ms’— 9.8ms’ sin17.2° |=2.60
LEARN or g=0 the problem becomes the same as that discussed in ample roblem

“Block on table, block hanging.” In this case, our results reduce to the familiar
e pressions a=m,g m+m, and T =mm,g m +m, .
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74. e are only concerned ith hori ontal forces in this problem gravity plays no direct
role . ithout loss of generality e take one of the forces along the x direction and the
other at 80° measured counterclock ise from the x a is. his calculation is efficiently
implemented on a vector capable calculator in polar mode as follo s using magnitude
angle notation ith angles understood to be in degrees

Fry= 2020 35,80 = 4353 — [ = 43

herefore themassism= 43  20ms® =2.2kg.

75. he goal is to arrive at the least magnitude of 7, and as long as the magnitudes of

et

F, and F, are in total less than or e ual to ‘Fl‘ then e should orient them opposite to

the direction of 7,  hichisthe x direction .

a eorient both £, and Fj in the —x direction. hen the magnitude of the net force is
50 —30—20 =0 resulting in ero acceleration for the tire.

b e again orient £, and }7“3 in the negative x direction. e obtain an acceleration
along the xa is ith magnitude

a_Fl—FZ—FS_SO -30 -10
m 12 kg

=083m s°.

¢ he least value is @ = 0. n this case the forces F, and F, are collectively strong
enough to have y components one positive and one negative that cancel each other and
still have enough x contributions in the —x direction to cancel F,. ince ‘17“2‘ :‘17“3‘ e

see that the angle above the —x a is to one of them should e ual the angle belo the —x
a isto the other one e denote this angle . ere uire

50 =F, +F, =—(30 )cosd— (30 )cosd

6=cos™ (%} =34°,

hich leads to

76. a  small segment of the rope has mass and is pulled do n by the gravitational
force of the arth. uilibrium is reached because neighboring portions of the rope pull
up sufficiently on it. ince tension is a force along the rope at least one of the
neighboring portions must slope up a ay from the segment e are considering. hen the
tension has an up ard component hich means the rope sags.
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b he only force acting ith a hori ontal component is the applied force F. reating
the block and rope as a single object, we write Newton’s second law forit: F= M m a

here a is the acceleration and the positive direction is taken to be to the right. he
accelerationisgivenbya=F M m .

c he force of the rope F, is the only force ith a hori ontal component acting on the
block. Then Newton’s second law for the block gives

F = Ma- MF
M+ m

here the e pression found above for a has been used.

d reating the block and half the rope as a single ob ect ith mass A/ +$m  here the

hori ontal force on it is the tension 7,, at the midpoint of the rope, we use Newton’s
second la

(M+ m 2)F_(2M+m)F
(M+m) - 2(M+m).

T, :(MJrlmja:
2

77. THINK e have a crate that is being pulled at an angle. We apply Newton’s second
la toanaly e the motion.

EXPRESS Ithough the full specification of F_, = ma
in this situation involves both x and y a es only the x
application is needed to find hat this particular
problem asks for. e note that a, = 0 so that there is no
ambiguity denoting a, simply as a. e choose x to the
right and y up. he free body diagram not to scale is
sho n to the right. he x component of the rope’s
tension acting on the crate is

F.=Fcos@= 450 cos38 =355

and the resistive force pointing in the —x direction has
magnitude = 125

ANALYZE (a) Newton’s second law leads to

Fcos§—f 355 —125
m 310 kg

=0.74m s°.

F —f=ma=a=

b nthiscase euse .5 12tofindthemass m'=W g=31.6kg. Newton’s second
la then leads to
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F.—f 355 —125
m 31.6kg

=7.3ms>.

_ [ r_
F—-f=md = d-=

LEARN he resistive force opposing the motion is due to the friction bet een the crate
and the floor. his topic is discussed in greater detail in  hapter 6.

78. e take x uphill for the m, = 1.0 kg bo and x right ard for the m; = 3.0 kg bo
so the accelerations of the t o0 bo es have the same magnitude and the same sign . he
uphill force on m, is F and the do nhill forces on it are 7'and m,g sin & here =237 .

he only hori ontal force on m; is the right ard pointed tension. Applying Newton’s
second la toeachbo  efind

F—-T—-m,g sin 0= m,a
T = ma
hich can be added to obtain

F—mygsin 0= my m; a.
his yields the acceleration

e 12 - 1.0kg 9.8ms’ sin37°
1.0 kg +3.0 kg

=1.53 m s°.

hus the tension is 7=ma= 3.0kg 1.53ms* =4.6
79. eapply .512.

a hemassis
m=Wg=22 98ms’ =2.2kg.

taplace hereg=49m s? the mass is still 2.2 kg but the gravitational force is
Fo=mg= 22kg 40ms® =11
b snoted m=2.2Kg.
c taplace here g =0 the gravitational force is ero.
d hemassisstill 2.2 kg.
80. etakedo ntobethe y direction.

a he first diagram sho n belo left is the free body diagram for the person and
parachute considered as a single ob ect ith a mass of 80 kg 5.0 kg = 85 kg.
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m§ E}

Fa is the force of the air on the parachute and mg is the force of gravity. pplication of

Newton’s second law produces mg — F, = ma here a is the acceleration. olving for F,
e find

F,=m(g—a)=(85kg)(9.8 ms*~25ms’) =620

a

b he second diagram above right is the free body diagram for the parachute alone.
F is the force of the air m,g is the force of gravity and ﬁp is the force of the person.
Now, Newton’s second law leads to

mpg F,—F,=mpa.

olving for F, e obtain

p

F,=m,(a-g)+F,=(50kg)(25ms’-9.8ms*)+ 620 =580

81. he mass of the pilot is m = 735 9.8 = 75 kg. enoting the up ard force e erted by

the spaceship his seat presumably on the pilot as F and choosing up ard as the y
direction, then Newton’s second law leads to

F = MG oon = Ma = F :(75 kg)(lG m32+1.0m52)= 195
82. ith  units understood the net force on the bo is

F, = (3.0 +14cos30° —11) i+ (145sin30° + 5.0 -17)"

hichyields 7, = 4.1 i- 5.0

et

(a) Newton’s second law applied to the m = 4.0 kg bo leads to

F . ~
a=-—=t=1.0ms*i— 1.3ms*> .
m

b he magnitude of a is a:\/l.o ms® ? +(—1.3 m 52)2 =1.6 m/s*.
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¢ tsangleistan® -1.3ms®* 1.0ms*> =-50 thatis 50 measured clock ise from
the right arda is .

83. THINK his problem deals ith the relationship bet een the three uantities force
mass and acceleration in Newton’s second law F = ma .

EXPRESS The “certain force,” denoted as F' is assumed to be the net force on the ob ect
hen it gives m; an acceleration a; = 12 ms*> and  hen it gives m, an acceleration a, =
3.3ms® ie. F=ma =ma,. he accelerations for m, +m, and m,—m can be solved

by substituting m1 = F a;and m, = F a,.

ANALYZE a o e seek the acceleration a of an ob ect of mass m, —m; hen F is
the net force on it. he result is

F F _aa, 120ms® 3.30ms’
m,-m, F a, - F a a-a, 120ms*-3.30ms?

=455ms’.

a =

b imilarly for an ob ect of mass m, m; e have

2 2
g F F _aa, 120ms” 3.30ms _259m <.

_m2+m_L_ F oa +F q _a1+a2_ 12.0m s*+3.30 m s?

LEARN ith the same applied force the greater the mass the smaller the acceleration.
n this problem e have g, >a>a,>d’. hisimplies m <m, —m <m, <m,+m,.

84. e assume the direction of motion is x and assume the refrigerator starts from rest
so that the speed being discussed is the velocity v that results from the process . he

only force along the x a is is the x component of the applied force F .

a incevy=0 the combinationof .2 1land .5 2leadssimplyto

F cosé.
t m

fori=1or2 here edenote &=0and & = Oforthet o cases. ence e see that
the ratio v, over vy is e ual to cos 6.

b incevy=0 the combinationof .2 16and .5 2leadsto

2
Foom| NN Z[Fcoseljm
' 2Ax m
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fori=1or2 again 6 =0and & = @fis used forthet o cases. n thisscenario e see
that the ratio v, over vy is e ual to +/cos@ .
85. a ince the performer’s weight is (52 kg)(9.8 m/s> =510 the rope breaks.

b etting 7=425 N in Newton’s second law (with +y up ard leads to

T
I'-mg=ma = a=——-4g
m

hich yields « = 1.6 m s°.

86. euse W,=mg, hereW,isthe eightof an ob ect of mass m on the surface of a
certain planet p and g, is the acceleration of gravity on that planet.

a he eight of the space ranger on arth is

W,=mg.= 75kg 9.8ms® =7.4x 10
b he eight of the space ranger on ars is

Wy=mg,= 75kg 3.7ms’ =2.8x10°

c he eight of the space ranger in interplanetary space is ero here the effects of
gravity are negligible.

d he mass of the space ranger remains the same m =75 kg at all the locations.

87. rom the reading hen the elevator asatrest e kno the mass of the ob ect is m
= 65 9.8ms? =6.6kg. echoose yup ardand note there are t o forces on the
obect mgdo n ardand 7up ard in the cord that connects it to the balance T is the
reading on the scale by Newton’s third law).

(a) “Upward at constant speed” means constant velocity, which means no acceleration.
hus the situation is ustasit asatrest 7 =65

b he term “deceleration” is used when the acceleration vector points in the direction
opposite to the velocity vector. We’re told the velocity is upward, so the acceleration
vector pointsdo n ard a=-2.4 m s%). Newton’s second law gives

T-mg=ma = T= 66kyg 9.8ms*—~24ms* =49
88. e use the notation g as the acceleration due to gravity near the surface of allisto m
as the mass of the landing craft «a as the acceleration of the landing craft and F as the

rocket thrust. We take down to be the positive direction. Thus, Newton’s second la
takes the form mg — F = ma. f the thrustis F; = 3260 then the acceleration is ero
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so mg — F; =0. fthethrustis F, =2200 then the acceleration is @, =0.39 ms* so
mg — F> = may.

a hefirst e uation gives the eight of the landing craft mg = F; = 3260

b he second e uation gives the mass

m= 8= F _ 3260 _2280 =27 x10° kg .

a, 039 m s

c he eightdivided by the mass gives the acceleration due to gravity
g= 3260 27x10°kg =1.2m5s’

89. a henF

net

=3F —-mg=0 ehave
1 1 2 3
F=omg = §(1400 kg) (98 m s*) =46 x 10

for the force e erted by each bolt on the engine.

b he force on each bolt no satisfies 3F — mg = ma  hich yields
F= %m(g +a)= %(1400 kg)(9.8ms®+2.6ms?)=5.8 x 10°

90. e rite the length unit light month the distance traveled by light in one month as
¢ month in this solution.

a he magnitude of the re uired acceleration is given by

_Av_ (010)(30 x 10° m 5)

a=""= =12 x 10° m &°.
At (30 days)(86400 s day)

2 2
b he acceleration interms of g is a = (ﬁ] g= (12 x10°m s
4

98m jg:].Zg.

¢ he force needed is
F =ma =(1.20 x 10° kg)(1.2 x 10° m s* )= 1.4 x 10°

d he spaceship ill travel a distance d = 0.1 ¢ month during one month. he time it
takes for the spaceship to travel at constant speed for 5.0 light months is
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t = d = 50 ¢- months =50 months ~ 4.2 years.

% 0lc

91. THINK e have a motorcycle going up a ramp at a constant acceleration. e apply
Newton’s second law to calculate the net force on the rider and the force on the rider
from the motorcycle.

v

EXPRESS he free body diagram is
sho n to the right not to scale. ote
that £, . and F, ,  respectively denote

F m,ry

the y and x components of the force F - - -

e erted by the motorcycle on the rider.
he net force on the rider is

F

net =ma.

ANALYZE a ince the net force e uals ma then the magnitude of the net force on the
rider is
F

net

=ma = 60.0kg 3.0ms® =1.8x 10

(b) To calculate the force by the motorcycle on the rider, we apply Newton’s second law
to the x- and the y a es separately. orthex a is e have

F ——mgsin 8=ma

m rj’(

herem =60.0kg a=3.0ms’ and 9=10. hus F, =282 . pplying itto the y-
a is here there is no acceleration e have

F,, —mgcosd=0

hich gives F,,, =579 . singthe ythagorean theorem e find

F :\/anrx +F2 =282 ?+579 *=644

0 the magnitude of the force e erted on the rider by the motorcycle is the same
magnitude of force e erted by the rider on the motorcycle so the ans er is 644

LEARN he force e erted by the motorcycle on the rider keeps the rider accelerating in
the x direction hile maintaining contact ith the inclines surface a, =0 .

92. e denote the thrust as 77and choose y up ard. Newton’s second law leads to
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B 2.6x10°

a=—"—"—""—"—-98ms’=10ms.
1.3x10" kg

T—-Mg=Ma =

93. THINK n this problem e have mobiles consisting of masses connected by cords.
We apply Newton’s second law to calculate the tensions in the cords.

EXPRESS he free body diagrams for m; and m, for part a are sho n to the right.

Ti
T

—>

T

ik

mg

he bottom cord is only supporting m, = 4.5 kg against gravity so its tension is
T, =m,g. n the other hand the top cord is supporting a total mass of m; m,= 3.5 kg

4.5 kg = 8.0 kg against gravity. Applying Newton’s second law gives
L-T,-mg=0
so the tension is
Li=mg+T,= m+m, g.
ANALYZE a rom the e uations above e find the tension in the bottom cord to be
To=myg= 45kg 9.8ms® =44
b imilarly the tension in the top cord is 73= m; m, g= 8.0kg 9.8ms* =78
c he free body diagrams for m3 m4 and ms for part b are sho nbelo not to scale .

ny

I

mg I, m,g ]_:5 .
msg

rom the diagram e see that the lo est cord supports a mass of ms = 5.5 kg against
gravity and conse uently has a tension of
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Ts=msg = 55kg 9.8ms? =54

d hetopcord as e aretold has a tension 73 =199 hich supports a total of 199

9.80 ms* =20.3 kg 10.3 kg of hich is already accounted for in the figure. hus
the unkno n mass in the middle must be m, = 20.3 kg — 10.3 kg = 10.0 kg and the
tension in the cord above it must be enough to support

ms ms= 10.0 kg 5.50 kg =155 kg
so7;= 155kg 9.80ms? =152

LEARN nother ay to calculate 7, is to e amine the forces on m3 — one of the
do n ard forces on it is 7,. From Newton’s second law, we have T, —m,g—T7, =0

hich can be solved to give
T,=T,-mg=199 - 4.8kg 9.8m s’ =152
94. he coordinate choices are made in the problem statement.

a e rite the velocity of the armadillo as v = v, 1 + v, " . ince there is no net force

e erted on it in the x direction the x component of the velocity of the armadillo is a
constant v, = 5.0 ms. n the y direction at r = 3.0 s e have using .211 ith
Vo, =0

F 17
Vv, =V, tat = voy+(zy]t = [%j(BO s)=4.3ms.

hus v= 50ms i+ 43ms .

b e rite the position vector of the armadillo as 7 = r, i+ , ", tr=30s ehave
r=50ms 3.0s =15mand using .215 ithv,=0

F
r=vy ttra =2 2= Y3057 —6am.
P T2lm ) 2\12kg

he position vector at # = 3.0 s is therefore ¥ = 15m i+ 6.4m .

95. a ntuition readily leads to the conclusion that the heavier block should be the
hanging one, for largest acceleration. The force that “drives” the system into motion is
the eight of the hanging block gravity acting on the block on the table has no effect on
the dynamics so long as e ignore friction . hus m = 4.0 kg.

he acceleration of the system and the tension in the cord can be readily obtained by
solving
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mg—T=ma T=Ma.

b he acceleration is given by a = ( Jg =6.5m s°.

m+ M
¢ hetensionis

T=Ma:( Mm Jg:13

m+ M

96. According to Newton’s second law, the magnitude of the force is given by F = ma
here a is the magnitude of the acceleration of the neutron. e use kinematics able 2
1 to find the acceleration that brings the neutron to rest in a distance d. ssuming the

acceleration is constant then v* =v2 +2ad produces the value of a

2 2 _ 7 2
a:(v vo): (14 x10'm s) =-98x10m <%
2d 2(10 x 10 m)

he magnitude of the force is conse uently
F =ma=(167x107kg) (9.8 x10” ms*)=16
97. a ith  units understood the net force is

Fo=F+F=(30 +(-20 ))i+(40 +(-60 ))

&

hich yields £, = 1.0 i— 2.0

et

b he magnitude of £, is F,, =/1.0 2+ 2.0 ?=22

et

is &=tan™ —2.0 =-63°,
1.0

d he magnitude of G is a=F, m= 2.2 1.0kg =2.2m¢s°.

net

¢ heangle of F,

et

e ince F ise ual to @ multiplied by mass m hich is a positive scalar that cannot
affect the direction of the vector it multiplies a has the same angle as the net force i.e

0=-63°. nmagnitude angle notation e may rite G =(2.2ms’ £ - 63°).
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1. he greatest deceleration of magnitude a is provided by the ma imum friction force
.61 ith Fy=mg in this case). Using Newton’s second law, we find

a=fsma m= g

. 2 16 then gives the shortest distance to stop Ax =1? 2a =36 m. n this calculation
it is important to first convert vto 13 m s.

2. Applying Newton’s second law to the horizontal motion, we have F' — ycmg = ma

here e have used .6 2 assuming that Fy = mg hich is e uivalent to assuming
that the vertical force from the broom is negligible . . 2 16 relates the distance traveled
and the final speed to the acceleration v*= 2aAx. his gives @ = 1.4 m s°>. eturning to
the force e uation efind ithF =25 andm =3.5kg that s4=0.58.

3. THINK n the presence of friction bet een the floor and the bureau a minimum
hori ontal force must be applied before the bureau ould begin to move.

EXPRESS he free body diagram for the bureau is sho n
to the right. e denote F as the hori ontal force of the A Fy

person f is the force of static friction in the —x direction
F, is the vertical normal force e erted by the floor in the

y direction and mg is the force of gravity. e do not f F’
consider the possibility that the bureau might tip and treat < i >
this as a purely hori ontal motion problem  ith the
person’s push F in the x direction). Applying Newton’s
secondla tothexandya es e obtain

F_fs ma — Ma

F,—-mg =20 Y mg

L 4

respectively.
he second e uation yields the normal force Fy= mg hereupon the ma imum static

frictionis foundtobe from .61 f ., = u mg. hus the firste uation becomes
F_/lsmg:mazo

here e have set a = 0 to be consistent ith the fact that the static friction is still ust

barely able to prevent the bureau from moving.
ANALYZE a ith x =045 and m =45 kg the e uation above leads to

F=umg= 045 45kg 9.8m s’ =198

243
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0 bring the bureau into a state of motion the person should push ith any force greater
than this value. ounding to t o significant figures e can therefore say the minimum

re uired push is F = 2.0 x 10°

b eplacing m = 45 kg ith m = 28 kg the reasoning above leads to roughly
F=1.2x10°

LEARN he values found above represent the minimum force re uired to overcome the
friction. pplying a force greater than ux mg results in a net force in the x direction

and hence non ero acceleration.

4. efirstanaly e the forces on the pig of mass m. he incline angle is 6.

he x direction is “downhill.”” Application of Newton’s second law to the x and y a es
leads to
mgsin 6 — f, = ma

F,—mgcos 6 = 0.
olving these along ith .6 2 f; = wFy) produces the following result for the pig’s
do nhill acceleration
a=g(sin@—u, cosb).

0 compute the time to slide from rest through a do nhill distance ¢/ euse .2 15

1 2
(=vt +—at® = t= 2t
2 a

e denote the frictionless 44 =0 case ith a prime and set up a ratio

t N20 a B a_’
t" \2¢ a a

hich leads us to conclude that if ¢ = 2 then o’ = 4a. utting in hat e found out
above about the accelerations e have
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gsinf=4g (sin -y, cos o).

sing #=35 e obtain g =0.53.

5. n addition to the forces already sho n in ig. 6 17 a free body diagram ould
include an up ard normal force Fjv e erted by the floor on the block ado n ard mg

representing the gravitational pull e erted by arth and an assumed left ard f for the

Kinetic or static friction. e choose x right ards and y upwards. We apply Newton’s
second la tothese a es
F—f=ma
P+F,-mg=0

here F=6.0 and m = 2.5 kg is the mass of the block.
a nthiscase P=8.0 leadsto
Fy= 25kg 98ms* -80 =165

sing . 61 this implies f, . =uF, =6.6 hich is larger than the 6.0

right ard force — so the block hich as initially at rest does not move. uttinga =0
into the first of our e uations above yields a static friction force of /=P =6.0

b nthiscase P=10 the normal force is
Fy= 25kg 98ms® —10 =145

sing .61 thisimplies f, , =uF, =58 hich is less than the 6.0  right ard

force — so the block does move. ence e are dealing not ith static but ith kinetic
friction hich .6 2revealstobe f, =, F, =3.6

c nthislast case P =12 leadsto Fy =125 andthusto f, ., =uF, =5.0

hich as e pected is less than the 6.0 right ard force — so the block moves. he
kinetic friction force then is f, = F,, =3.1 A

—>

Fy

6. he free body diagram for the player is sho n to the right. Fjv is
the normal force of the ground on the player mg is the force of

gravity and f is the force of friction. he force of friction is

related to the normal force by /= Fy. We use Newton’s second  —»
la applied to the vertical a is to find the normal force. he vertical f
component of the acceleration is ero so e obtain Fy — mg =0

thus Fy=mg. onse uently
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/ 470
Hi Fy (79kg) (9.8 m s*)

7. THINK  force is being applied to accelerate a crate in the presence of friction. e
apply Newton’s second law to solve for the acceleration.

EXPRESS he free body diagram for the crate is sho n to the right. A Fy

e denote F as the hori ontal force of the person e erted on the
crate inthe x direction £, is the force of kinetic friction in the —x R N
direction F, is the vertical normal force e erted by the floor in the S F

y direction and mg is the force of gravity. he magnitude of the
force of friction is given by . 6 2 f; = wFy. Applying Newton’s
secondla tothexandya es e obtain
F—f =ma Y mg

F,-mg=20
respectively.

ANALYZE a he second e uation above yields the normal force Fy= mg so that the
friction is
fr =, Fy =p,mg =(0.35)(55 kg) 9.8 ms® =1.9 x10°

b he first e uation becomes
F — u,mg = ma

hich ith F=220 e solve to find

o= - g 2220 135 9.8m s’ =0.56 m <2,

m 55kg

LEARN or the crate to accelerate the condition F' > f, = x,mg must be met. s can
be seen from the e uation above the greater the value of x, the smaller the acceleration
under the same applied force.

8. To maintain the stone’s motion, a horizontal force (in the +x direction is needed that
cancels the retarding effect due to kinetic friction. Applying Newton’s second to the x
andya es e obtain

F —f, = ma

F,—-mg=20

respectively. he second e uation yields the normal force Fy = mg sothat using .6 2
the kinetic friction becomes f; = 1 mg. hus the first e uation becomes
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F—umg=ma=0

here e have set a = 0 to be consistent ith the idea that the hori ontal velocity of the
stone should remain constant.  ith m = 20 kg and 24 = 0.80 e find F = 1.6 x 10°

9. echoose x hori ontally right ardsand y up ards and observe that the 15 force
has components F, = F cos #and F, = — F'sin 6.

(a) We apply Newton’s second law to the y a is
F,—Fsin0-mg=0 = F,=15 sin40°+ 35kg 9.8ms® =44
ith 44=0.25 .6 2leadsto f; =11
(b) We apply Newton’s second law to the x a is

(15 )cos 40° —11
3.5kg

=0.14 ms?.

FcosO—f, =ma = a=

ince the result is positive valued then the block is accelerating in the x right ard
direction.

10. a he free body diagram for the block is sho n belo ith F being the force
applied to the block F“N the normal force of the floor on the block mg the force of

gravity and f the force of friction.

e take the x direction to be hori ontal to the right
and the y direction to be up. he e uations for the x
and the y components of the force according to
Newton’s second law are

F =FcosO—- f=ma
F,=Fsin0+F, -mg=0 %

mg
o0 f =wFy and the second e uation gives Fy = mg — Fsind hich yields
f=u, mg—Fsin@ . hise pression is substituted for /in the first e uation to obtain

Fcos 0— . mg—Fsin 6 =ma
so the acceleration is

a= E(cos O+ 1, sin 0)— 1, g .
m
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a f . =0.600and z, =0.500 then the magnitude of f/ hasama imum value of
foma =4 F, = 0.600 mg—0.500mgsin20° =0.497mg.

n the other hand F cosé& =0.500mg cos20°=0.470mg. herefore Fcosé< f. . and
the block remains stationary ith a=0.

b f u =0.400 and x4, =0.300 then the magnitude of f hasama imum value of

foma =4 F, = 0400 mg—0.500mgsin20° = 0.332mg.

n this case F cos@ =0.500mg cos20°=0.470mg > f. .. . herefore the acceleration of
the block is

a :E(cos O+ u,sin 0) — g
m
= 0.500 9.80ms* [c0s20°+ 0.300 sin20°]— 0.300 9.80 ms’
=2.17m s>

11. THINK ince the crate is being pulled by a rope at an angle ith the hori ontal e
need to analy e the force components in both the x and y directions.

EXPRESS he free body diagram for the crate is AF,

sho n to the right. ere7 is the tension force of the 7

rope on the crate F, is the normal force of the floor rd
/(_qbéf__

on the crate mg is the force of gravity and f is the

force of friction. e take the x direction to be

hori ontal to the right and the y direction to be up.
e assume the crate is motionless.

Vm”’
g

he e uations for the x and the y components of the force according to Newton’s second
la are

Tcos@—-f=0 Tsin@+F,—-mg=0

here #= 15 is the angle bet een the rope and the hori ontal. he first e uation gives
f =Tcos@ and the second gives Fy = mg — T sin 6. f the crate is to remain at rest 1

must be less than u Fy or T cos 8 u, mg — T sind. hen the tension force is
sufficient to ust start the crate moving e must have 7'cos €=y, mg—Tsin 6.

ANALYZE a e solve for the tension
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0.50) (68 kg) (9.8 m s
o umg _(050)( 9) ( ):304 ~ 3.0x10?

©cos O+ sin@  cos15°+ 0.50 sin 15°

b hesecondla e uations for the moving crate are
TcosO@—f=ma Tsin@+F,—mg=0.

0 f=wFy and the second e uation above gives F, =mg—T7Tsing hich then yields
f=u, mg—Tsin@ . hise pression is substituted for fin the first e uation to obtain

Tcos 0— wy mg—Tsin 0 =ma
so the acceleration is

T(cos 0+ p, sin 0)
a= ~ 8

m
_ 304 cos15° + 0.35sin 15 035 98ms: —13ms.
68 kg
LEARN Let’s check the limit where €=0. n this case e recover the familiar

e pressions 7'=umg and a= T—ymg m.

12. here is no acceleration so the up ard static friction forces there are four of them
one for each thumb and one for each set of opposing fingers e uals the magnitude of the
do n ard pull of gravity. sing .61 ehave

AuF,=mg= 79kg 9.8m s

hich ith 4 =0.70 yields Fyy = 2.8 x 10

13. e denote the magnitude of 110 force e erted by the orker on the crate as . he
magnitude of the static frictional force can vary bet een eroand f, . =uF, .

(a) In this case, application of Newton’s second la in the vertical direction yields
F,=mg. hus

[ = iFy = umg=(0.37)(35kg) 9.8m s* =1.3x10"

hich is greater than F.

b he block hich is initially at rest stays at rest since F f; ma . hus it does not
move.

c By applying Newton’s second la to the hori ontal direction that the magnitude of
the frictional force e erted on the crate is f, =1.1x10
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d enoting the up ard force e erted by the second orker as F, then application of
Newton’s second law in the vertical direction yields Fy=mg— F, hich leads to

f;ma :lLlsFN:ILlS mg_}?Z "

n order to move the crate F must satisfy the condition i fyma = 1, mg — F>),
or

110 > (0.37)[ 35kg 9.8ms” —F |.

he minimum value of F, that satisfies this ine uality is a value slightly bigger than
457 S0 ee pressourans erasF min =46

e n this final case moving the crate re uires a greater hori ontal push from the orker
than static friction (as computed in part (a)) can resist. Thus, Newton’s law in the

hori ontal direction leads to

F+F, > = 110 +F, >126.9

hich leads after appropriate rounding to F, min = 17

14. a sing the result obtained in ample roblem — “Friction, applied force at an
angle,” the maximum angle for which static friction applies is

0., =tan™ u =tan™0.63 ~ 32° .
his is greater than the dip angle in the problem so the block does not slide.
(b) Applying Newton’s second law, we have

F + mgsin 6— =ma=0

s ma

F, —mgcos 8 = 0.

long ith .61 f ma = Fy € have enough information to solve for F. ith
@=24°and m=1.8x10"kg e find

F=mg(u, cos6—sin0)=3.0x10’

15. ne cellent discussion and e uation development related to this problem is given in
ample roblem — “Friction, applied force at an angle.” We merely quote (and apply)
their main result

0 =tan" u =tan'0.04 ~ 2°.
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16. a n this situation e take £, to point uphill and to be e ual to its ma imum value
in hich case f; ma = u F, applies here y; = 0.25. Applying Newton’s second law to
the block of mass m = W g =8.2 kg in the x and y directions produces
F,,—mgsin@+f .. =ma=0

F, —mgcos =0
hich ith #=20 leads to

F

min 1

— mg(sin@+ 1, cos0)=8.6

b o etake £, to point do nhill and to be e ual to its ma imum value in hich

case f; ma = uFn applies here u; = 0.25. Applying Newton’s second law to the block
of mass m = W g =8.2Kkg in the x and y directions produces
Fon,=mgsin@-f = =ma=0
F, —mgcos =0
hich ith #=20 leads to

F i, =mg(sin O+, cos 0) = 46
A value slightly larger than the “exact” result of this calculation is re uired to make it
accelerate uphill but since e uote our results here tot o significant figures 46 isa
“good enough” answer.

c inally earedealing ithkinetic friction pointing do nhill so that

0=F-mgsin@—f, =ma
0=F, —mgcos@

along ith fy = wFy here g4 =0.15 brings us to
F =mg (sin 6 + p, cos 6) =39

17. f the block is sliding then e compute the Kinetic friction from . 6 2 if it is not

sliding, then we determine the extent of static friction from applying Newton’s law, with
ero acceleration to the x a is  hich is parallel to the incline surface . he uestion of
hether or not it is sliding is therefore crucial and depends on the ma imum static

friction force as calculated from . 6 1. he forces are resolved in the incline plane

coordinate system in igure 6 5 in the te tbook. he acceleration if there is any is along

the xa is and e are taking uphill as x. he net force along the y a is then is certainly
ero hich provides the follo ing relationship
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> F,=0 = F, =Wcos 8

here W =mg =45 isthe eight of the block and =15 is the incline angle. hus
Fy=435 hich implies that the ma imum static friction force should be

fima = 050 435 =217
a or P= —5.0 i, Newton’s second law, applied to the x a is becomes
f— P —mgsin@=ma.

ere eareassuming / is pointing uphill assho nin igure 6 5 and if it turns out that

it points do nhill  hich is a possibility then the result for /; ill be negative. ff=f
thena=0 e obtain

= P mgsing=5.0 435 sinl5 =17

or/ =17 i. hisisclearlyallo edsince f is less than f; ma .

b orP= -80 i eobtain fromthesamee uation 7 = 20 i hichis still
allo ed since it is less than f; ma .

c utfor P= —15 i e obtain from the same e uation £, = 27 hich is not

allo ed since it is larger than f; ma. hus e conclude that it is the kinetic friction
instead of the static friction that is relevant in this case. he result is

~

fi=mFa= 034 435 i=15 .
18. a We apply Newton’s second law to the “downhill” direction:
mgsinf— = ma

here using .6 11
f=fi = wFy= . mgcosé.

hus ith 44 =0.600 e have
a=gsind- g cosf=-3.72ms*
hich means since e have chosen the positive direction in the direction of motion

do n the slope then the acceleration vector points “uphill”; it is decelerating. With
v,=18.0msand Ax=d=240m .2 16 leadsto
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v:,\/vg +2ad =12.1 m s.

b nthiscase efinda= 1.1ms? andthespeed henimpact occurs is 19.4 ms.

19. a he free body diagram for the block is sho nbelo . F is the applied force FN is

the normal force of the all on the block f is the force of A7

friction and mg is the force of gravity. o determine if the block '

falls e find the magnitude f of the force of friction re uired to

hold it ithout accelerating and also find the normal force of the f,
all on the block. e compare fand uFy. ff wFy the block <« s

does not slide onthe all butif /w4 Fy the block does slide. he

horizontal component of Newton’s second law is F'—Fy =0 S0 Fiy
=F=12 and

v

mo
WFy= 060 12 =72 v "8

he vertical componentis f—mg=0 sof=mg=5.0 . incef u/Fythe block does not
slide.

b ince the block does not move f=5.0 and Fy=12 . he force of the all on the
block is

E,=—Fa+f =-(12 )i+(50 )
here the a esare assho non ig.6 26 of the te t.
20. reatingthet obo esasasingle system of total massm m =1.0 3.0=4.0Kkg
sub ect to a total left ard friction of magnitude 2.0 40 =6.0 e apply

Newton’s second law (with +x right ard

F—foa=mg,a = 120 —-60 =40kga

hich yields the acceleration = 1.5 m s°. e have treated F as if it ere kno n to the
nearest tenth of a Newton so that our acceleration is “good” to two significant figures.

urning our attention to the larger bo the heatiesbo of massm =3.0kg e apply
Newton’s second law to find the contact force F' e erted by the heerios bo onit.

F'—f =ma = F-40 = 30kg 15ms® .
rom the above e uation e find the contact force to be F'=8.5

21. ig. 6 4 in the te tbook sho s a similar situation using ¢ for the unkno n angle
along ith a free body diagram. e use the same coordinate system as in that figure.
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(a) Thus, Newton’s second law leads to

X Tcosg— f=ma
y Tsing+F,—-mg=0

etting a = 0 and /' = fima = uFn € solve for the mass of the bo and sand as a

function of angle
T .
m= —(sm o+ ﬂ)
g H

hich e ill solve ith calculus techni ues to find the angle ¢, corresponding to the
ma imum mass that can be pulled .

dm = Z[cos;zﬁm __5|n¢mj: 0
a g My

his leadsto tan ¢, = . hich for x =035 yields ¢ =19°.

b lugging our value for ¢, into the e uation e found for the mass of the bo and
sand yields m = 340 kg. his corresponds to a eight of mg = 3.3 x 10°

22. he free body diagram for the sled is sho n belo ith 7 being the force applied to
the sled F, the normal force of the inclined plane on the sled mg the force of gravity

and f the force of friction.

e take the x direction to be along the
inclined plane and the y direction to be in its
normal direction. he e uations for the x and %
the y components of the force according to v
Newton’s second law are

F =F—f-mgsind=ma=0
F,=F,—mgcos6=0

0 f=uwFy and the second e uation gives Fy = mgcosd hich yields f = umgcosé.
his e pression is substituted for f'in the first e uation to obtain

F=mg sin@+ ucosé

rom the figure e see that F=2.0 hen 4=0. his implies mgsin@=2.0
imilarly ealso find F=5.0 hen £=0.5

50 =mg sin@+0.50cosd =2.0 +0.50mgcosd
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hich yields mgcosd=6.0 . ombiningthet oresults e get

tanezéz = 0=18°.

Wl

23. et the tensions on the strings connecting m, and ms be 7,3 and that connecting m,
and my be T1, respectively. Applying Newton’s second law (and Eq. 6 2 ith Fy = myg
in this case to the system e have

myg —T,3 =mya
Ty — pyym,g =T, =m,a
I, —mg=ma

dding up the three e uations and using m, =M m, =m,=2M e obtain
2Mg — 2y Mg — Mg = 5Ma .

ith @ = 0.500 m s? this yields z = 0.372. hus the coefficient of kinetic friction is
roughly z4 = 0.37.

24. e find the acceleration from the slope of the graph recall .211 a=45m5s%
Thus, Newton’s second law leads to

F— wymg =ma

here F'=40.0 is the constant hori ontal force applied. ithm =4.1kg e arrive at
1 =0.54.

25. THINK n order that the t o blocks remain in e uilibrium friction must be present
bet een block B and the surface.

EXPRESS he free body diagrams for block B and for the knot ust above block A4 are
sho nbelo . 7, is the tension force of the rope pulling on block B or pulling on the knot

as the case may be 7, is the tension force e erted by the second rope at angle 6= 30
on the knot 7 is the force of static friction e erted by the hori ontal surface on block B

FN is normal force e erted by the surface on block B W, is the eight of block 4 W, is
the magnitude of m,g and Wpisthe eight of block B Wz =711 is the magnitude of

myg .
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or each ob ect e take x hori ontally right ard and y upward. Applying Newton’s
second la in the x and y directions for block B and then doing the same for the knot
results in four e uations

Yl_f;ma =0
F,—W, =0
T,cos0-T7, =0
T,singd-Ww,=0

here e assume the static friction to be at its ma imum value permitting us to use
6 1. heabovee uationsyield 7, = u F,, F, =W, and T,=T,cos 6.

ANALYZE olving these e uations ith 1, =0.25 e obtain

W,=T,sin@=T tan0 = u F, tan@ = uW,tand
= 0.25 711 tan30°=1.0x10°

LEARN s e pected the ma imum eight of 4 is proportional to the eight of B as
ell as the coefficient of static friction. n addition e see that 7, is proportional to

tan@ the larger the angle the greater the vertical component of 7, that supports its
eight .

26. a Applying Newton’s second law to the system of total mass M = 60.0 kg and
using .62 ith Fy=Mginthiscase e obtain

F— Mg =Ma = a=0.473m s°.

e t ee aminethe forces uston msand find F3, =mz a wyg =147 . fthealgebra
steps are done more systematically one ends up ith the interesting relationship
F,= my M F hich is independent of the friction .

b s remarked at the end of our solution to part a the result does not depend on the
frictional parameters. he ans er here is the same as in part a .
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27. irst e check to see if the bodies start to move. e assume they remain at rest and
compute the force of static friction hich holds them there and compare its magnitude

ith the ma imum value «Fy. he free body diagrams are sho nbelo .

Fy T T
B
myg mpg

T is the magnitude of the tension force of the string fis the magnitude of the force of
friction on body 4 Fly is the magnitude of the normal force of the plane on body 4 m,g

is the force of gravity on body 4  ith magnitude W, = 102 and m,g is the force of
gravity on body B ith magnitude Wz =32 . =40 is the angle of incline. e are
told the direction of 7 but e assume itisdo nhill. f e obtain a negative result for /
then e kno the force is actually up the plane.

a ord etakethe xtobeuphilland y tobe in the direction of the normal force. he
x and y components of Newton’s second law become

T—f-W,sing=0
F,—W,cos 8= 0.

aking the positive direction to be downward for body B, Newton’s second law leads to
W, — T =0. olving these three e uations leads to

f=W,-W,sind=32 —102 sin40°=-34
indicating that the force of friction is uphill and to
F,=W,cos 8= 102  cos 40° =78

hich means that
fima = uFy= 056 78 =44

ince the magnitude f of the force of friction that holds the bodies motionless is less than
fsma the bodies remain at rest. he acceleration is ero.

b ince 4 is moving up the incline the force of friction is do nhill ith
magnitude f, = x F, . Newton’s second law, using the same coordinates as in part (a),

leads to
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T—f,—W,sin@=m,a
F,—-W,cos0=0
W,—T = mya

forthet o bodies. e solve for the acceleration

= Wy W,sin 60— W, cos 6 _ 32 —(102 )sin 40° — (0.25)(102 )cos 40°
m, +m, (32 102 )/(9.8m/s*)
= —3.9m/s’.
he acceleration is do n the plane ie. a= -3.9ms’ i hich is to say since the

initial velocity as uphill that the ob ects are slo ingdo n. e note that m = W g has
been used to calculate the masses in the calculation above.

c 0 body 4 is initially moving do n the plane so the force of friction is uphill ith
magnitude f, =, F,. he force e uations become

T+f, —W,sin@=ma
F,—-Ww,cos0=0
W,—T = mya
hich e solve to obtain

W, —W,sin 0+ uW,cos @ 32 —(102 )sin 40°+ (0.25)(102 )cos 40°
my+m, (32 102 )/(9.8m/s?)
= -1.0m/s.

a

he acceleration is again do nhill the plane i.e. G= —1.0ms? i. n this case the
ob ects are speeding up.

28. he free body diagrams are sho n to the right

here T is the magnitude of the tension force of the
string f'is the magnitude of the force of friction on block
A Fy is the magnitude of the normal force of the plane
on block 4 m,g is the force of gravity on body A4

here m, = 10 kg and m,g is the force of gravity on
block B. & = 30 is the angle of incline. or A e take
the x to be uphill and y to be in the direction of the

normal force the positive direction is chosen downward
for block B.

ince 4 is moving do n the incline the force of friction is uphill ith magnitude f; =
ey here 1= 0.20). Newton’s second law leads to
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T—f, +m,gsin@ =m,a=0
Fy,—-m,gcosfd =0
myg—T =myza=0

for the t o bodies here a = 0 is a conse uence of the velocity being constant . e
solve these for the mass of block B.

my=m, (sin@— 1, cos@)=3.3 kg.

29. a ree body diagrams for the blocks 4 and C considered as a single ob ect and for
the block B are sho nbelo .

. AT
AF,
f T
< > ?
F
YF, .

T is the magnitude of the tension force of the rope Fy is the magnitude of the normal
force of the table on block 4 fis the magnitude of the force of friction W,c is the

combined eight of blocks 4 and C the magnitude of force F“g 4c Sho nin the figure

and Wgis the eight of block B the magnitude of force FgB sho n. ssume the blocks

are not moving. or the blocks on the table e take the x a is to be to the right and the y
a istobeup ard. rom Newton’s second law, we have

x component T-f=0
y component  Fy— Wyc=0.
or block B take the downward direction to be positive. Then Newton’s second law for
that block is Wg — T'=0. he third e uation gives T = Wj and the first gives f'= T = W;.
he second e uation gives Fy = W,c. fsliding is not to occur f must be less than g Fy
or Wg  us Wye. he smallest that W, can be ith the blocks still at rest is
WAC = WB s = 22 0.20 =110
ince the eight of block 4 is44  the least eightfor Cis 110—44 =66

b hesecondla e uations become

T—f: WAga
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Fy— W, =0
WB—T: WBg a.

n addition /= wFy. he second e uation gives Fy = W, so f= wW,4. he third gives T
= Wp— Wpg a. ubstitutingtheset oe pressions into the firste uation e obtain

WB— WBga—,ukWA = WAga.
herefore
L8y —p,) _ 98m s* (22 -(015)(44 )) —
w,+Ww, 44 22

30. e use the familiar hori ontal and vertical a es for x and y directions  ith right ard
and up ard positive respectively. he rope is assumed massless so that the force e erted

by the child F is identical to the tension uniformly through the rope. he x and y

components of F are Fcosd and Fsin@ respectively. he static friction force points
left ard.

(a) Newton’s Law applied to the y a is  here there is presumed to be no acceleration
leads to
F,+Fsinf-mg=0

hich implies that the ma imum static friction is g, mg — F sin 6. ff = f ma i
assumed then e ton’s second law applied to the x a is  hich also has a = 0 even
though it is “verging” on moving) yields

Fcos@— f.=ma = Fcos @—pu, mg—Fsind =0

hich e solve for =42 and x4 =0.42 to obtain F =74
b olving the above e uation algebraically for 7 ith # denoting the eight e obtain

uW 042 180 76

F = = = .
cos@+using cosé+ 0.42 sind cosd+ 0.42 sind

c e minimi e the above e pression for F by orking through the condition

dF _ pW sin@— pcosd 0
do  cosO+p, sin @’

hich leads to the result &= tan ™ z, = 23 .

d lugging 6= 23 into the above result for ' ith x4 = 0.42 and W =180 yields
F=170
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31. THINK n this problem e have t o blocks connected by a string sliding do n an
inclined plane the blocks have different coefficient of kinetic friction.

EXPRESS he free body diagrams for the t o blocks are sho n belo . T is the
magnitude of the tension force of the string F“NA is the normal force on block A4 the
leading block F,, is the normal force on block B £, is kinetic friction force on block

A f, is kinetic friction force on block B. 1so m, is the mass of block 4  here m, =

Wygand W,=3.6 and mg is the mass of block B here mp= Wz gand Wz =7.2
he angle of the incline is =30 .

—
FNB

=g
F NA

m;;g’

or each block e take x do nhill hich is to ard the lo er left in these diagrams
and y in the direction of the normal force. Applying Newton’s second law to the x and y
directions of both blocks 4 and B e arrive at four e uations

W,sin@-f,-T=m,
F,,—W,cos0=0
W,sin@— f,+T =mya
F,—W,cos0=0
hich  hen combined ith .62 f,=u F,, here w4 =0.10 and f, =1, ,F, /3
here 145 = 0.20 fully describe the dynamics of the system so long as the blocks have

the same accelerationand 7 0.

ANALYZE a rom these e uations e find the acceleration to be

a=g|sind- Pl T HiWo | os0 | =35 m 52,
W,+W,

b e solve the above e uations for the tension and obtain

3.6 7.2
3.6 +7.2

T=[ Wil (0.20-0.10)c0s30°=0.21

W, +W3j (/ukB _/ukA)Cosez
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LEARN he tension in the string is proportional to g, ,—z, , the difference in
coefficients of kinetic friction for the t o blocks. hen the coefficients are e ual
Mz =M, , »thet oblocks can be vie ed as moving independent of one another and the
tension is ero. imilarly hen g, <z, , the leading block 4 has larger coefficient than
the B the string is slack so the tension is also ero.

32. he free body diagram for the block is sho n belo ith F being the force applied
to the block F, the normal force of the floor on the block mg the force of gravity and

7 the force of friction. e take the x direction to be hori ontal to the right and the y
direction to be up. he e uations for the x and the y N
components of the force according to Newton’s second A Fy
la are
F =Fcos@— f=ma
F,=F,-Fsind-mg=0

0 f=wFy and the second e uation gives Fy = mg N

Fsin@ hich yields

f=u mg+Fsing .
his e pression is substituted for fin the first e uation to obtain
Fcos 0— . mg Fsin @ =ma
so the acceleration is

a :E(cose—uksin 0)- 1,8 .
m

rom the figure eseethat a=3.0ms’ henyg, =0. hisimplies

3.0ms? = Ecos 6.
m

ealsofind a=0 hen g =0.20

0 :E(cos 6— 0.20 sin #)— 0.20 9.8ms® =3.00m s —O.ZOEsin 6-1.96m s?

m m

=1.04ms? —0.20£sin 6
m

hich yields 5.2ms* = Esin 6. ombining thet oresults e get
m
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2
tang=| 22MS 1_173 = 960"
3.0ms

33. THINK n this problem the frictional force is not a constant but instead proportional
to the speed of the boat. ntegration is re uired to solve for the speed.

EXPRESS e denote the magnitude of the frictional force as v here « =70 -s/m.
We take the direction of the boat’s motion to be positive. Newton’s second law gives

dv @_ a

—av=m— = ——dkt.
dt v m
ntegrating the e uation gives
v dv a t
—=——| dt
LERY) m IO

here vy is the velocity at time ero and v is the velocity at time z. olving the integral
allo s us to calculate the time it takes for the boattoslo do nto45kmh or v=vy, 2

here v, =90km h.
ANALYZE he integrals are evaluated ith the result
{ v j at
Inf — [=——
Vo m

ithv=vy2and m =1000 kg e find the time to be

om (v =_m.n(1j=_mm[ij=g.9s.
a v a \2 70 -sm \2

LEARN he speed of the boat is given by vz =v,e™ ™ sho ing e ponential decay
ith time. he greater the value of « the more rapidly the boat slo sdo n.

34. he free body diagrams for the slab and block are sho nbelo .

AFNS A FNb
. F 7
f <>
<—¢ slab block
lFNh V mbg
msg
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F isthe 100 force applied to the block F,, is the normal force of the floor on the slab

F,, is the magnitude of the normal force bet een the slab and the block £ is the force

of friction bet een the slab and the block m; is the mass of the slab and m; is the mass
of the block. or both ob ects e take the x direction to be to the right and the y

direction to be up.

Applying Newton’s second law for the x and y a es for first the slab and second the
block results in four e uations

- f=ma,
FNS_FNS_mSg:O

f—F =ma,
Fy,—-m,g =0

from hich e note that the ma imum possible static friction magnitude ould be
uF, =umg= 0.60 10kg 9.8 ms* =59

e check to see if the block slides on the slab. ssuming it does not then a, = a;, hich
e denote simply asa and e solve for f

mF  40kg 100
m +m, 40 kg+10 kg

hich is greater than f;na SO that e conclude the block is sliding across the slab their
accelerations are different .

a singf= wF,,the above e uations yield

, _tmg—F 040 10kg 98ms’ ~100
’ m, 10 kg

=-6.1ms’.

he negative sign means that the acceleration is left ard. hatis d,= —6.1m s i

b  ealso obtain

2
; _ Mg 0.40 10kg 9.8 ms __098m s

’ m 40 kg

N

s mentioned above this means it accelerates to the left. hatis a, = —0.98 m s i

forum.konkur.in



www.konkur.in

265

35. he free body diagrams for the t o blocks treated individually are sho n belo
first m and then M . F'is the contact force bet eenthet o blocks and the static friction

force f isatitsma imumvalue so .6 1lleadstof;=fima = uF' here 4, =0.38 .

reating the t o blocks together as a single system sliding across a frictionless floor
we apply Newton’s second law (with +x right ard to find an e pression for the
acceleration

F=my a =a=

m+ M
A s
Aﬁ Fy
F F F
< ¢ B —>
meg 5
Ymg Y Mg

his is e uivalent to having analy ed the t o blocks individually and then combined
their equations. Now, when we analyze the small block individually, we apply Newton’s
second la tothe xand ya es substitute in the above e pression fora anduse .6 1.

m+ M
f,—-mg=0 = uF-mg=0

F—F =ma :F:F—m( r )

hese e pressions are combined to eliminate 7’ and e arrive at

F= e = 4.9x10?
1— m
,us( m+ Mj
. 2m g o .
36. sing . 616 e solve for the area AC ~ hich illustrates the inverse
PV,

proportionality bet een the area and the speed s uared. hus hen e set up a ratio of
areas — of the slo er case to the faster case — e obtain

2
Ag, :(310 km hj _375
4., \160km h
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37. nthe solution to e ercise 4 e found that the force provided by the ind needed to
e ual F=157 here that last figure is not “significant’”).

a etting F=D for rag force euse .6 14 to find the ind speed v along the
ground  hich actually is relative to the moving stone but e assume the stone is
moving slo |y enough that this does not invalidate the result

N - 2157 - — =90 ms =3.2x10% km h.
CpA 0.80 1.21kg m® 0.040 m

b oubling our previous result e find the reported speed to be 6.5 x 10? km h.

c he result is not reasonable for a terrestrial storm.  category 5 hurricane has speeds
on the order of 2.6 x 10°m s.

38. a rom able6land .616 e have

2F
v = |5 = Cpd=2"28
CpA v

here v, = 60 m/s. We estimate the pilot’s mass at about m = 70 kg. 0 e convert v =
1300 1000 3600 =~ 360 msand pluginto .6 14

2
D:%Cpsz :% (Zm—ZgJ V2 =mg [KJ

t vt

hich yields D= 70kg 9.8 ms® 360 60 *~ 2 x 10*

b e assume the mass of the e ection seat is roughly e ual to the mass of the pilot.
Thus, Newton’s second law (in the horizontal direction) applied to this system of mass
2m gives the magnitude of acceleration

39. orthe passenger et D, =%CplAv]2. and for the prop driven transport D, = 1 Cp, Av?

here p, and p, represent the air density at 10 km and 5.0 km respectively. hus the
ratio in uestion is

D, pv* (038 kgm?)(1000 kmh)* )s

J

D, pyi (0.67 kgm?)(500 km h)’
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40. This problem involves Newton’s second law for motion along the slope.
a he force along the slope is given by

F, =mgsin@ - uF, =mgsin@— umg cos @ = mg sin 6 — 11cos 6
= 85.0kg 9.80m s’ [sin40.0°~ 0.04000 cos40.0°]
=510

hus the terminal speed of the skier is

2F, 2 510
v, = = 3 —=66.0ms.
CpA 0.150 1.20kg m® 1.30 m

b ifferentiating v, ith respectto C e obtain

2F
dv, i c chz_l 2 5130 — 0.150 °*dC
2\ p4 2\ 1.20kgm® 1.30 m

=— 2.20x10* m's dC.

41. erhaps surprisingly the e uations pertaining to this situation are e actly those in
ample roblem — “Car in flat circular turn,” although the logic is a little different. In the
ample roblem the car moves along a stationary road hereas in this problem the cat

is stationary relative to the merry go around platform.  ut the static friction plays the

same role in both cases since the bottom most point of the car tire is instantaneously at
rest ith respect to the race track ust as static friction applies to the contact surface
bet een catand platform. sing .623 ith .435 efind

us= 27R/T * gR = 47°R/gT*
ith7=6.0sand R=5.4m e obtain & = 0.60.

42. he magnitude of the acceleration of the car as it rounds the curve is given by +* R

here v is the speed of the car and R is the radius of the curve. ince the road is
hori ontal only the frictional force of the road on the tires makes this acceleration
possible. The horizontal component of Newton’s second law is £ = mv* R. f Fy is the
normal force of the road on the car and m is the mass of the car the vertical component of
Newton’s second law leads to Fy =mg. hus using .6 1 the ma imum value of static
friction is

fsma :/USFN:/Jsmg-

f the car does not slip /< ymg. his means
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2

v
—<ug = v< Ro.
R HE x/ﬂb g

onse uently the ma imum speed ith hich the car can round the curve ithout
slipping is

Ve =J14Rg =4/ 0.60 30.5m 9.8ms’ =13ms~48kmh.

43. he magnitude of the acceleration of the cyclist as it rounds the curve is given by v* R

here v is the speed of the cyclist and R is the radius of the curve. ince the road is
hori ontal only the frictional force of the road on the tires makes this acceleration
possible. The horizontal component of Newton’s second la is /= mv* R. f Fy is the
normal force of the road on the bicycle and m is the mass of the bicycle and rider the
vertical component of Newton’s second law leads to Fiy = mg. hus using .61 the
ma imum value of static friction is

fsma = s Fn = pgmg.

f the bicycle does not slip /< usmg. his means
2 2

Y <ug = R22—
R Mg

onse uently the minimum radius ith hich a cyclist moving at 29 km h =8.1 m s can
round the curve ithout slipping is

e 81ms?

Rmin = = 2
ug 032 98ms

=21m.

44, ithv=96.6kmh=26.8ms .6 17 readily yields

2 2
a2 208MS " )7 me
R 7.6 m

hich ee pressasamultiple of g

L[], - 94.7ms’ o7
¢)® losoms )87

45. THINK erris heel ride is a vertical circular motion. he apparent eight of the
rider varies ith his position.

EXPRESS he free body diagrams of the student at the top and bottom of the erris
heel are sho nne t
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t the top the high‘egt—p’oint in the circular motion the seat pushes up on the student ith
a force of magnitude Fyp, hile the arth pulls do n ith a force of magnitude mg.

Newton’s second law for the radial direction gives

2
my

top
R
t the bottom of the ride F), .., 1S the magnitude of the up ard force e erted by the

seat. he net force to ard the center of the circle is choosing up ard as the positive
direction

mg—F,

2
my

R

FN bottom — ME =

The Ferris wheel is “steadily rotating” so the value F, =mv® R is the same every here.
he apparent eight of the student is given by F, .

ANALYZE a tthetop e aretold that Fywp =556 and mg =667 . his means
that the seat is pushing up with a force that is smaller than the student’s weight, and we
say the student experiences a decrease in his “apparent weight” at the highest point. hus
he feels “light.”

b rom a efind the centripetal force to be
2

=mg—-F, =667 -556 =111

N top

E,va
R

hus the normal force at the bottom is

2

F, :%+mg:F;+mg:111 +667 =778

N bottom

c fthe speed is doubled

From 2v ?

c

=4111 =444

herefore at the highest point e have
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F o, =mg—F/=667 —-444 =223
d imilarly the normal force at the lo est pointisno found to be

F!

N bottom

=F'+mg=444 +667 =1111

LEARN he apparent eight of the student is the greatest at the bottom and smallest at
the top of the ride. he speed v=ﬂ/gR ould result in F, =0 giving the student a

sudden sensation of “weightlessness” at the top of the ride.

46. a e note that the speed 80.0 km hin  units is roughly 22.2 m's.  he hori ontal
force that keeps her from sliding must e ual the centripetal force . 618 and the
up ard force on her must e ual mg. hus

FnetZ\/ mg2 mv> R ° =547

b heangleis
tan [ m* R / mg ] =tan *(* gR) = 9.53

as measured from a vertical a is.
47. a .4 35¢givesT=272Rv=27x10m 6.1ms =10s.

b he situation is similar to that of ample roblem — “Vertical circular loop, Diavolo,”
but ith the normal force direction reversed. dapting .6 19 e find

Fy=mg—Vv/R =486 =~4.9 x 10
c o e reverse both the normal force direction and the acceleration direction from
hatissho nin ample roblem — “Vertical circular loop, Diavolo”) and adapt Eq. 6 19
accordingly. hus e obtain
Fy=mg+V/R =1081 ~1.1k .
48. e ill start by assuming that the normal force on the car from the rail points up.
ote that gravity points do n and the y a is is chosen positive up ards. Iso the

direction to the center of the circle the direction of centripetal acceleration is do n.
Thus, Newton’s second law leads to

2
F,—mg :m(—v—}
r

a henv=11ms eobtain Fy=3.7 x 10°
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b F, pointsup ard.
¢ henv=14ms eobtain Fy=-13x10° or Fy =13x10°

d he fact that this ans er is negative means that FN points opposite to hat e had
assumed. hus the magnitude of F, is 17“N =1.3k and its direction is down.

49. t the top of the hill the situation is similar to that of ample roblem — “Vertical
circular loop, Diavolo,” but with the normal force direction reversed. Adapting Eq. 6 19
e find
Fx=mg—V/R .

ince Fy = 0 there as stated in the problem then v* = gR. ater at the bottom of the
valley e reverse both the normal force direction and the acceleration direction from
hatissho ninthe ample roblem andadapt .6 19 accordingly. hus e obtain
Fy=mg+V/R =2mg=1372 =~1.37x10°

50. he centripetal force on the passenger is F =mv? r.

a heslope of the plotat v=8.30ms is

dr
dv

_ 2mv

~285.0kg 830ms
v=8.30ms 3.50m

=403 -sm.

v=8.30ms r

b he period of the circular ride is 7=2zr v. hus

m’  m (27[1” jz A mr
F = = — = 2

r r\uT T
and the variation of F ith respectto 7 hile holding » constant is

87°mr
1~3

dF =— drT.

he slope of the plotat 7=2.50s is

dF 87%mr

dr

_ 872 85.0kg 3.50m

7505 =-150x10°® s.
7=250s .

3
T=250s T

51. THINK n airplane ith its ings tilted at an angle is in a circular motion.
entripetal force is involved in this problem.
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EXPRESS he free body diagram for the airplane of mass m
is sho n to the right. e note that 17“, is the force of
aerodynamic lift and a points right ards in the figure. e
also note that @ =v*> R . Applying Newton’s law to the axes

of the problem xright ardand yup ard e obtain
2

F,sinezmv—
R
F,cos8 =mg
2
liminating mass from these e uations leads to tané’zv—R. he e uation allo s us to
&

solve for the radius R.

ANALYZE ithv=480kmh=133msand 8=40 e find

Ve 133m s 2

= = > =2151m~2.2x10° m.
gtand 9.8m s” tan40°

R

LEARN ur approach to solving this problem is identical to that discussed in the ample
roblem — “Car in banked circular turn.” Do you see the similarities?

52. he situation is some hat similar to that sho n in the “loop the loop” example done
in the te tbook see igure 6 10 e ceptthat instead ofado n ard normal force e are

dealing ith the force of the boom F, on the car — hich is capable of pointing any
direction. e ill assume it to be upward as we apply Newton’s second law to the car (of
total  eight 5000 F,~W=ma here m=W g and a=—" r. ote that the
centripetal acceleration isdo n ard our choice for negative direction for a body at the

top of its circular tra ectory.

a fr=10mandv=50ms eobtain F;=37x10° =37k .

b he direction of F,is up.

¢ fr=10mandv=12ms eobtain Fz=-23x10° =-23k or Fy =23k .
d he minus sign indicates that FB pointsdo n ard.

53. he free body diagram for the hand straps of mass m is the vie that a passenger
might see if she as looking for ard and the streetcar as curving to ards the right so

a points right ards in the figure . enotethat a=v* R herev=16kmh=4.4ms.

Applying Newton’s law to the axes of the problem (+x isright ardand yisup ard e
obtain
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|
2 I =
Tsing=m> | T
R | 9
Tcos@ =mg. |
e solve these e uations for the angle
2
0= tan‘l(v—]
Rg
hich yields =12 . mg’
54. he centripetal force on the passenger is F =m* r.
mvz
a he variation of * ith respectto » hile holding v constant is dF = ———dr .
r
. . . . . 2mvy
b hevariation of F ith respectto v hile holding » constant is dFF =——dv.
r

c he period of the circular ride is 7=2zr v. hus

m?  m (27[1” jz B 4 mr

F: = — 2
7 r\ T T

and the variation of F ith respectto 7 hile holding » constant is

T3 2rr r?

87°mr 2 v Y mv®
dF =— dl =-8x"mr| — | dT =— drT.

55. e note that the period T is eight times the time bet een flashes ﬁ s soT=
0.0040s. ombining .618 ith .4 35]leadsto

Fe 4mm’R 4 0.030 kg ©* 0.035 m

7 0.0040 s 2 =26x10°

56. e refer the reader to ample roblem — “Car in banked circular turn,” and use the
result .6 26
2
0= tanl(v—]
gR

ith v =60 1000 3600 =17 m sand R =200 m. he banking angle is therefore #=8.1 .
0 e consider a vehicle taking this banked curve at v/ =40 1000 3600 =11 ms. ts
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hori ontal acceleration is @' = v'* R hich has components parallel the incline and
perpendicular to it

12
V' cosé
a =dcosf =
12 ~%
. v'“sing
a, =dad'sing = .
R

These enter Newton’s second law as follows (choosing downhill as the x direction and
a ay from inclineas y
mgsing — f. =ma
F, —mgcos@=ma,
and eare led to
/. mgsin@—mv?cos® R
F, mgcos@+mv?sind R’

e cancel the mass and plug in obtaining f; Fv = 0.078. he problem implies e should
setf;=f;ma SOthat by .61 ehave i =0.078.

57. or the puck to remain at rest the magnitude of the tension force 7' of the cord must
e ual the gravitational force Mg on the cylinder. he tension force supplies the
centripetal force that keeps the puck in its circular orbit so 7= mv?* r. hus Mg = m* r.

e solve for the speed

=1.81m s.

o Mgr_\/2.50kg 9.80m s? 0.200 m
m

1.50kg
58. a sing the kinematic e uation givenin able 2 1 the deceleration of the car is
vV =v+2ad = 0= 35ms’+2a107m
hich gives a=-5.72m s’ hus the force of friction re uired to stop by car is

f=m a = 1400kg 5.72ms* ~8.0x10°
b he ma imum possible static friction is

=umg= 050 1400kg 9.80 ms® ~6.9x10°
s ma lljs g

c fu =040 then f, = mgand the deceleration is a=—x,g. herefore the speed
of the car hen it hitsthe all is
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v=\2+2ad =/ 35ms?-2 040 9.8ms’ 107m ~20ms.
d he force re uired to keep the motion circular is

2 2
F = mv, _ 1400kg 35.0ms _1.6x10°
r 107 m

e ince F. > f,., nocircular path is possible.

59. THINK s illustrated in ig. 6 45 our system consists of a ball connected by t o
strings to a rotating rod. he tensions in the strings provide the source of centripetal force.

EXPRESS he free body diagram for the ball is sho nbelo . T, is the tension e erted
by the upper string on the ball 7, is the tension in the lo er string and m is the mass of

the ball. ote that the tension in the upper string is greater than the tension in the lo er
string. t must balance the do n ard pull of gravity and the force of the lo er string.

y

—>

7,

e take the x direction to be left ard to ard the center of the circular orbit and y
up ard. ince the magnitude of the acceleration is @ = v R the x component of
Newton’s second law is

2
my

1 cos@+1T,cosf =

here v is the speed of the ball and R is the radius of its orbit. he y component is
T sin@—1T,sin@—mg =0.
he second e uation gives the tension in the lo erstring 7, =7 —mg siné.

ANALYZE a ince the triangle is e uilateral the angleis #=30.0 . hus

2
T = Mg _a35 ~ 134kg 9.80ms

== - =8.74
sin@ sin 30.0°
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b he net force in the y direction is ero. n the x direction the net force has magnitude

F

net str

=(T,+7,)cos@= 350 +874 €0s30.0°=37.9

c he radius of the path is

R=Lcosf@= 1.70 m cos30°=1.47 m.

Sing Fretsw = mv> R e find the speed of the ball to be

RF,
. f netstr _ 1.47m 37.9 _6.45m s,
m 1.34 kg

d he direction of F

net str

is leftward (“radially inward’” .

LEARN he upper string ith a tension about 4 times that in the lo erstring 7, =47,
ill break more easily than the lo er one.

60. he free body diagrams for thet o bo esare sho nbelo . 7Tisthe magnitude of the
force inthe rod hen T 0 the rod is said to be in tension and hen 7" 0 the rod is

under compression F,, is the normal force on bo 2 the uncle bo  F,, is the the

normal force on the auntbo bo 1 £, is kinetic friction force on the aunt bo and f,

is kinetic friction force on the uncle bo . Iso mj; = 1.65 kg is the mass of the aunt bo
and m; = 3.30 kg is the mass of the uncle bo hich is a lot of ants .

or each block etake xdo nhill hichisto ard the lo er rightin these diagrams
and y in the direction of the normal force. Applying Newton’s second law to the x and y
directions of firstbo 2andne tbo 1 e arrive at four e uations

m,gsin@— f,—T =m, a
F,,—m,gcosf =0
mgsingd— f+T =ma
F, —mgcosd=0
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hich  hen combined ith .62 f1 = mFy here i =0.226 and f> = oFy,  here
1 =0.113 fully describe the dynamics of the system.

a  esolve the above e uations for the tension and obtain
T(wj o=ty C0SO-105
my +nmy
b hese e uations lead to an acceleration e ual to
a= g[sin 0—(Mjcosej =362m .
m, +my

c eversing the blocks is e uivalent to s itching the labels. e see from our algebraic
result in part a that this gives a negative value for 7 e ual in magnitude to the result e
got before . hus the situation is as it as before e cept that the rod is no in a state of
compression.

61. THINK ur system consists of t o blocks one on top of the other. f e pull the
bottom block too hard, the top block will slip on the bottom one. We’re interested in the

ma imum force that can be applied such that the t o ill move together.

EXPRESS he free body diagrams for the t o blocks are sho nbelo .

A FN,I F'N,h
J_;s }7’ mb —
m, ¢— —> E F
d - >
th g’ mbg; E’V,l

e first calculate the coefficient of static friction for the surface bet een thet o blocks.
hen the force applied is at a ma imum the frictional force bet een the t o blocks
must also be a ma imum. ince F, =12  of force has to be applied to the top block for

slipping to take place using F, = f, .. =uF,, =umg e have
12

=g 4.0kg 9.8m s

e
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sing the same reasoning for the t o masses to move together the ma imum applied
force ould be
F=u

S

m+m g

ANALYZE a ubstituting the value of x4, found above the ma imum hori ontal force

has a magnitude
F=pu m+m, g= 031 4.0kg+5.0kg 9.8ms* =27

b he ma imum acceleration is

a. = al =ug= 0.31 9.8ms* =3.0m s°.
mt+mb

LEARN lipping ill occur if the applied force e ceeds 27.3 . n the absence of
friction x =0 bet eenthet o blocks any amount of force ould cause the top block

to slip.

62. he free body diagram for the stone is sho n to the right
ith F being the force applied to the stone F, the downward
normal force of the ceiling on the stone mg the force of gravity

and f the force of friction. e take the x direction to be

hori ontal to the right and the y direction to be up. he
e uations for the x and the y components of the force according
to Newton’s second law are

F =Fcos@—f =ma
F,=Fsind-F, —-mg=0

o f=uF, and the second e uation gives F, =Fsind-mg  hich yields
f=u, Fsin@—mg . hise pression is substituted for fin the first e uation to obtain

Fcos 80—y Fsin @ —mg =ma.
or a=0 the forceis
F= —ﬂkmg_ _
cos 60— u, sin @

ith 44 =0.65 m=5.0kg and =70 e obtain F =118

63. a he free body diagram for the person sho n as an shaped block is sho n
belo . he force that she e erts on the rock slabs is not directly sho n since the
diagram should only show forces exerted on her), but it is related by Newton’s third law)

to the normal forces F,, and F,, e erted hori ontally by the slabs onto her shoes and
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back respectively. e ill sho in part b that Fy; = Fy, so that e there is no
ambiguity in saying that the magnitude of her push is Fy,. he total up ard force due to

ma imum static friction is /= f, + f, here f=u,F,, and f,=u,F,,. he
problem gives the values s = 1.2 and s, = 0.8.

Aj?z’

—

“1— Fip

¢—>
mg

(b) We apply Newton’s second law to the x and ya es ith xright ardand yup ard
and there is no acceleration in either direction .

Fyo—Fy, =
L+ f,-mg=0

he first e uation tells us that the normal forces are e ual Fy; = Fyp = Fy.  onse uently
from .61

Ji =t Fy
Sy =t Fy

f (:usl}f‘z
IUSZ

herefore /1 /> —mg =0 leads to
ﬂsl + l f'z — mg
zusZ

hich ithm =49 kg vyields f, =192 . romthis efind F, =/, u,=240 . his
is e ual to the magnitude of the push e erted by the rock climber.

e conclude that

c rom the above calculation e find f = u,F, =288 hich amounts to a fraction

Ji_ 288

W—W:O.GO

or 60 of her eight.
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64. a heup ard force e erted by the car on the passenger is e ual to the do n ard
force of gravity W =500  on the passenger. o the net force does not have a vertical
contribution it only has the contribution from the hori ontal force  hich is necessary for
maintaining the circular motion . hus |F_ |= F =210

net

b sing .618 ehave

=440ms.

v =

51.0 kg

FR | 210 470 m
m
65. he layer of ice has a mass of

my, =(917 kg m®) 400 Mx500 Mx0.0040 m =7.34x10° kg.

his added to the mass of the hundred stones at 20 kg each comes to m = 7.36 x 10° kg.

a etting F=D for rag force ewuse .6 14 to find the ind speed v along the
ground  hich actually is relative to the moving stone but e assume the stone is
moving slo |y enough that this does not invalidate the result

o [me (0.10)(7.36 x 10° kg)(9.8m s°) o <o kmh
4C.p4. \[4(0.002)(1.21kg m*)(400 x 500 m’) '

b oubling our previous result e find the reported speed to be 139 km h.

¢ he result is reasonable for storm inds. category 5 hurricane has speeds on the
order of 2.6 x 10° m s.

66. ote that since no static friction coefficient is mentioned e assume f; is not relevant
to this computation. e apply e tons second la to each blocks x a is hich for m;
is positive right ard and for m; is positive do nhill

T—f = ma
mog SiNO—T = moa

dding the e uations e obtain the acceleration

ye m,gsing — f,
my +m,
Or fr = wF'n = mig € obtain
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e 3.0kg 9.8ms® sin30°— 0.25 2.0kg 9.8ms”
3.0kg+2.0kg

=1.96 ms?.

eturning this value to either of the abovet oe uations e find 7=8.8

67. ach side of the trough e erts a normal force on the crate. he first diagram sho s
the vie looking into ard a cross section.

Fy Fy

mg
he net force is along the dashed line. ince each of the normal forces makes an angle of
45 ith the dashed line the magnitude of the resultant normal force is given by

F,, =2F, cos45°= «EFN :

he second diagram is the free body diagram for the crate (from a “side” view, similar to
that sho n in the first picture in ig. 6 51 . he force of gravity has magnitude mg
here m is the mass of the crate and the magnitude of the force of friction is denoted by f.

e take the x direction to be do n the incline and y to be in the direction of F, . hen
the x and the y components of Newton’s second law are

X mg Sin 80— f=ma
vy Fy.—mgcos 6=0.

ince the crate is moving each side of the trough e erts a force of kinetic friction so the
total frictional force has magnitude

S =2 F, =2 F,, V2= \/zukFNr
ombining this e pression ith Fy, = mg cos € and substituting into the x component
e uation e obtain
mgsin G—ﬁmgcosﬁz ma.

herefore a =g sin@—+/21, cosé .

68. a 0 be on the verge of sliding out means that the force of static friction is acting
“down the bank” (in the sense explained in the problem statement ith ma imum
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possible magnitude. e first consider the vector sum F of the ma imum static
friction force and the normal force.  ue to the facts that they are perpendicular and their
magnitudes are simply proportional 61 efind F isat angle measured from the

verticala IS ¢ =6 6, heretanf, = u, compare ith .6 13 and @is the bank
angle as stated in the problem . o the vector sum of F and the vertically do n ard
pull mg of gravity must be e ual to the hori ontal centripetal force m?/R  hich
leads to a surprisingly simple relationship

2
mv R v

mg Rg

2

tang =

riting this as an e pression for the ma imum speed e have

Rg tanf@+ u,
1-p tan@

Vi :\/Rgtan O+tan™ u, :\/

b he graphissho n belo ith @in radians

vma& (m/s)
100

80

60

40

20

——— 1
0 0.2 0.4 0.6 0.8

c ither estimating from the graph 4« = 0.60 upper curve or calculated it more
carefully leadstov=41.3ms=149kmh hen =10 =0.175 radian.

d imilarly for 4 =0.050 thelo ercurve efindv=212ms=76.2kmh hen 8=
10 =0.175 radian.

69. orsimplicity e denote the 70 angle as #and the magnitude of the push 80  as
P. he vertical forces on the block are the do n ard normal force e erted on it by the
ceiling the do n ard pull of gravity of magnitude mg and the vertical component of

P hichisup ard ith magnitude Psin . ince there is no acceleration in the vertical
direction e must have

F, =Psin@—-mg

in hich case the left ard pointed kinetic friction has magnitude
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fi=p, Psin@—mg .
hoosing x rightward, Newton’s second law leads to

Pcos@—u, Psind@—mg
m

Pcos - f, =ma = a=

hich yields @ =3.4 m s®> hen x4 = 0.40 and m = 5.0 kg.

70. a enote that R the hori ontal distance from the bob to the a is of rotation is the
circumference of the circular path divided by 27 therefore R = 0.9427=0.15m. he
angle that the cord makes ith the hori ontal isno easily found

@=cos* R/L =cost0.15m0.90m =80 .

he vertical component of the force of tension in the string is 75in@ and must e ual the
do n ard pull of gravity mg . hus

7="" _0.40
sin@

ote that e are using 7 for tension not for the period .

b he hori ontal component of that tension must supply the centripetal force .6 18
so e have Tcos@ = mv* R.  his gives speed v = 0.49 ms. his divided into the
circumference gives the time for one revolution 0.94 0.49=1.9s.

71. a To be “on the verge of sliding” means the applied force is e ual to the ma imum
possible force of static friction .6 1 ith Fy = mg in this case

fsma = psmg = 35.3

b n this case the applied force F indirectly decreases the ma imum possible value of
friction since its y component causes a reduction in the normal force as ell as directly
opposing the friction force itself because of its x component .  he normal force turns
out to be

Fy=mg—Fsin@

here 8= 60 so that the hori ontal e uation the x application of Newton’s second law)
becomes

FcosO— fsma = FCOSO— s mg—Fsind =0 = F=39.7

c o theapplied force F indirectly increases the ma imum possible value of friction
since its y component causes a reduction in the normal force as ell as directly
opposing the friction force itself because of its x component .  he normal force in this
case turns out to be
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Fy=mg Fsin@
here =60 so that the hori ontal e uation becomes
FcosO—fsma = FcosO— us mg  Fsind =0 — F =320
72. ith 6=40° we apply Newton’s second law to the “downhill” direction:
mgsind—f = ma
f=f=uu Fy = y mgcoso

using .612. hus
a=0.75ms*= g sinf— 14c0s6

determines the coefficient of kinetic friction z4= 0.74.
73. a ith 8=60° we apply Newton’s second law to the “downhill” direction:

mgsind—f = ma
f=fi = m Fy = 1y mg cosé.

hus
a=gsind— ycosd =7.5ms%

b he direction of the acceleration a isdo n the slope.

¢ Now the friction force is in the “downhill” direction (which is our positive direction)
so that e obtain

a=gsind 4cosd =9.5m s>
d hedirection is do n the slope.

74. he free body diagram for the puck is sho n on the right. AEy
F, is the normal force of the ice on the puck £ is the force of
friction in the —x direction and mg is the force of gravity.

-0
a he hori ontal component of Newton’s second law gives —f f_>
= ma and constant acceleration kinematics able 2 1 can be
used to find the acceleration. ¥ mg»

ince the final velocity is ero v* =2 + 2ax leads to @ = —v? 2x. his is substituted
into the e ton’s law equation to obtain
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~m? (0110 kg)(6.0 ms)’
S 2x 2(15 m)

f =0.13

(b) The vertical component of Newton’s second law gives Fy—mg =0 so Fy=mg hich
implies using .62 f= 4 mg. e solve for the coefficient

/’lk = L = 013 2 =0.12 .
mg (0.110 kg) 9.8ms

75. e may treat all 25 cars as a single ob ect of mass m = 25 x 5.0 x 10* kg and  hen
the speed is 30 km h = 8.3 m s sub ect to a friction force e ual to

f=25x250x8.3=5.2x 10*

(a) Along the level track, this object experiences a “forward” force 7' e erted by the
locomotive so that Newton’s second law leads to

T—f=ma = T=5.2x10"+ 1.25x10° 0.20 =3.0x10°

b he free body diagram is sho nne t ith &as the angle of the
incline. he xdirection hich is the only directionto hich e ill
be applying Newton’s second law) is uphill (to the upper right in our
sketch . hus e obtain

T—f—mgsinf =ma

here e seta =0 implied by the problem statement and solve for
the angle. e obtain =12 .

76. ne cellent discussion and e uation development related to this g
problem is given in ample roblem — “Friction, applied force at an angle.” Using the
result e obtain

O=tan™' u, =tan"*0.50 =27°
hich implies that the angle through hich the slope should be reduced is
¢p=45 —27 ~20 .

77. emakeuseof .6 16 hichyields

omg 26 98 _
\/ Cpn? = \/ 16 1270032 - 147ms.
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78. a he coefficient of static friction is x4 = tan &, =0.577 ~0.58.

b sing
mgsind— f=ma

f=f=mFy= tyymgcosé
and a=2d/* ithd=25mand7=4.0s e obtain z = 0.54.
79. THINK e havet o blocks connected by a cord assho nin ig.6 56. s block 4
slides do n the frictionless inclined plane it pulls block B, so there’s a tension in the

cord.

EXPRESS he free body diagrams for blocks 4 and B are sho n belo

Fe\!}g
y A
Fna \/ %
T my f
< >
mygsing
9 mgm ,8C0s 6 mB§ Y

Newton’s law gives
m,gsind—-T=m,a

forblock 4 here =30 . orblock B e have

T—-f, =mga
o the frictional force is given by f, = F, ; =,myzg. he e uations allo us to
solve for the tension 7 and the acceleration a.

ANALYZE a ombining the above e uations to solve for 7 e obtain

7MiMy (sinf+u,)g = 4.0kg 2.0kg

= (sin30°+0.50) 9.80m s* =13
m,+m, 4.0kg+2.0kg

b imilarly the acceleration of thet o block system is

=1.6m s°.

4.0kg+2.0kg

mA+mB

az(mAS'ng_“kmB]g= 4.0kg sin30°— 0.50 2.0kg oo

LEARN nthecase here 8=90°and x4 =0 ehave
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7= Ml g a= my
mA+mB mA+mB

hich correspond to the ample roblem — “Block on table, block hanging,” discussed in
hapter 5.

80. euse .614 D=1CpAv* here pis the air density A4 is the cross sectional

area of the missile v is the speed of the missile and C is the drag coefficient. he area is
given by 4 = zR* here R = 0.265 m is the radius of the missile. hus

D :% 0.75 (12 kg m°)7(0.265m)*(250 m s)° =62x10°

81. THINK o can a cyclist move in a circle t is the force of friction that provides
the centripetal force re uired for the circular motion.

EXPRESS he free body diagram is sho n belo . he magnitude of the acceleration of
the cyclist as it moves along the hori ontal circular path is given by v R here v is the
speed of the cyclist and R is the radius of the curve.

mg Y
The horizontal component of Newton’s second law is f; = m®* R here £ is the static
friction e erted hori ontally by the ground on the tires. imilarly if Fy is the vertical
force of the ground on the bicycle and m is the mass of the bicycle and rider the vertical
component of Newton’s second law leads to F,, =mg =833

2 (85.0kg)(9.00ms)’
ANALYZE a he frictional force is f, = s :( 0)( ) =275
" R 25.0m

b ince the frictional force f;and F, the normal force e erted by the road are

perpendicular to each other the magnitude of the force e erted by the ground on the
bicycle is

F=\f*+F' =275 ?+833 2=877
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LEARN he force e erted by the ground on the bicycle is at an angle
f=tan' 275 833 =18.3° ithrespect to the vertical a is.

82. 't the top of the hill the vertical forces on the car are the up ard normal force
e erted by the ground and the do n ard pull of gravity. esignating ydo n ard e

have

2
my

mg —Fy="p"

from Newton’s second law. To find the greatest speed without leaving the hill, we set Fiy
=0 and solve for v

v=\/gR =\/ 9.8ms® 250 m =49.5ms =495 3600 1000 km h =178 km h.

83. a hepush to getit moving must be at least as big as fema = i Fy .61 ith
Fy=mginthiscase hiche uals 051 165 =84.2

b hile in motion constant velocity ero acceleration is maintained if the push is
e ual to the kinetic friction force f; = . Fy = pwxmg =52.8

c e note that the mass of the crate is 165 9.8 = 16.8 kg.  he acceleration using the
push from part a is
a= 842 -528 16.8kg ~1.87ms>

84. a he x component of F tries to move the crate hile its y component indirectly
contributes to the inhibiting effects of friction by increasing the normal force .
e ton’ssecondla implies

x direction Fcos@—f;=0
ydirection Fy— Fsind—mg = 0.

To be “on the verge of sliding” means fs = fsma = t6Fy .61. olving these
e uations for F actually for the ratio of F'to mg yields

i:# . F/mg

mg C0S@— . Sing ca

80
his is plotted on the right &in degrees . ]
60
b he denominator of our e pression for F/mg 4]

vanishes hen ]
20

0---'-| lllllllll I""I""‘I" 9
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cos@—pu sind=0 = einf:tanl[i]

N

RPN [ S DS
or u,=0.70 e obtain O, = tan (ﬂ_j_% |

¢ educing the coefficient means increasing the angle by the condition in part b .

— -1 1 _[Qo
d or u =0.60 ehave O = tan (; =59°

85. The car is in “danger of sliding” down when

4, =tan @ =tan35.0° = 0.700.

his value represents a 3.4  decrease from the given 0.725 value.

86. a hetension ill be the greatest at the lo est point of the s ing. ote that there is
no substantive difference bet een the tension 7 in this problem and the normal force Fy
in ample roblem — “Vertical circular loop, Diavolo.” Eq. 6 19 of that ample roblem
e amines the situation at the top of the circular path  here Fy is the least and re riting
that for the bottom of the path leads to

T=mg m? r

here Fy is at its greatest value.
b tthe breaking point 7=33 =mg v r  here m = 0.26 kg and » = 0.65 m.
olving for the speed e find that the cord should break hen the speed at the lo est

point reaches 8.73 m s.

87. THINK  car is making a turn on an unbanked curve. riction is hat provides the
centripetal force needed for this circular motion.

EXPRESS he free body diagram is sho n to the = A
right. he mass of the car is m = 10700 9.80 kg = Fy

1.09 x 10° kg. We choose “inward” (horizontally

to ard the center of the circular path as the positive e = _j?:
direction. he normal force is Fy = mg in this = R » (me
situation and the re uired frictional force is T~ - — _ _ _ _ _— -

I =mv* R.

ANALYZE a ithaspeed of v=134 msand a mg Y

radius R = 61 m, Newton’s second law (using Eq. 6 18 leads to
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mv®  1.09x10°kg 13.4m s’
R 61.0m

=3.21x10°

f.=

b hema imum possible static friction is found to be
foma =mmg=(0.35)(10700 )=3.75 x 10°

using .6 1. e see that the static friction found in part a is less than this so the car
rolls no skidding and successfully negotiates the curve.

LEARN rom the above e pressions e see that ith a coefficient of friction x the

ma imum speed of the car negotiating a curve of radius R is v, :,/,ung. 0 in this
case the car can go up to a ma imum speed of

Via =4/ 0.35 9.8ms® 61m =14.5ms
ithout skidding.

88. or the m, = 1.0 kg block application of e tonsla sresultin

Fcos@-T—f, =ma xalis
F,—Fsin0-m,g=0 yalis

ince f; = W Fy these e uations can be combined into an e uation to solve for a
F cos@—y,sin@ —T —um,g =m,a
imilarly but ithout the applied push e analy e the m;= 2.0 kg block

T—-fl=ma xais
F, —mg=0 yais

sing fi = w Fy, the e uations can be combined

T'—pymg=ma
ubtracting the t o e uations for a and solving for the tension e obtain

r_m cosd—u, sind o 2.0kg cos35°— 0.20 sin35 20 —94

m, +m, 2.0kg+1.0kg

89. THINK n order to move a filing cabinet the force applied must be able to overcome
the frictional force.
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EXPRESS We apply Newton’s second law (as Fpysh —f = ma . f e find the applied

force F, to be less than /.~ the ma imum static frictional force our conclusion

would then be “no, the cabinet does not move” (which means « is actually 0 and the
frictional force is simply /= Fuush . N the other hand if e obtain @ 0 then the cabinet
moves sof=f;. or f . andf, euse .61land .62 respectively andin

those formulas e set the magnitude of the normal force to the eight of the
cabinet F, =mg =556 . hus the ma imum static frictional force is

Sima =My =pumg= 0.68 556 =378
and the kinetic frictional force is
| = F, =wumg= 056 556 =311

ANALYZE a ere efind Fpisn f,,. hichleads to f'= Fpsh =222 . he cabinet
does not move.

b gain efind Fopush f,,, hichleads to /= Fypsh =334 . he cabinet does not
move.

c o ehaveFpsh f.,. hich meansthe cabinet movesand f=f =311
d ogain ehave Fpisn  f. ., hich means the cabinet moves and f=f; =311

e hecabinet movesin ¢ and d.

LEARN n summary in order to make the cabinet move the minimum applied force is
e ual to the ma imum static frictional force f, . .

90. nalysis of forces in the hori ontal direction here there can be no acceleration
leads to the conclusion that 7 = Fy the magnitude of the normal force is 60 . he
ma imum possible static friction force is therefore u /v = 33  and the kinetic friction
force  hen applicable is wuFy=23

- —
a nthiscase P =34 up ard. ssuming f points do n then e tons second
la forthe y leads to

P—mg—f = ma.

if eassumef=f,anda=0 eobtainf= 34—-22 =12 . hisislessthan f; ma
%
hich sho s the consistency of our assumption. heans eris f, =12 do n.
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N
b nthiscase P =12 up ard. he above e uation ith the same assumptions as in
part a leadstof= 12-22 =-10 . hus f  f,ma uUstifying our assumption
that the block is stationary but its negative value tells us that our initial assumption about

- -
the direction of f is incorrect in this case. hus theans eris f, =10 up.

5

c nthiscase P =48 up ard. heabove e uation ith the same assumptions as in

part a leadstof= 48-22 =26 . hus -eagainhavef, f, ma andourans er
_)

IS f, =26 do n.

N
d nthiscase P =62 wup ard. he above e uation ith the same assumptions as in
part a leadsto /= 62-22 =40 hich is larger than f; ma  invalidating our
assumptions.  herefore e take f'=f; and a # 0 in the above e uation if e ished to
find the value of @ e ould find it to be positive as e should e pect. he ans eris

f,::23 do n.

BN
e nthiscase P =10 do n ard. heabovee uation but ith Preplaced ith-P

ith the same assumptions as in part a leadsto f= -10-22 =-32 . hus e
have f;  f,ma uUstifying our assumption that the block is stationary but its negative

N
value tells us that our initial assumption about the direction of f is incorrect in this case.
-
hus theans eris f =32 up.

N
f nthiscase P =18 do n ard. he above e uation but ith Preplaced ith —-P
ith the same assumptions as in part a leadsto f= -18 - 22 =-40 hich is
larger in absolute value than f; ma invalidating our assumptions.  herefore e take
f=frand a # 0 in the above e uation if e ished to find the value of @ e ould find it

to be negative as eshoulde pect. heans eris f;: =23 up.
g heblock movesupthe allincase d herea O.

h heblock movesdo nthe allincase f herea O.

N
i he frictional force f; isdirecteddo nincases a ¢ and d.

91. THINK hether the block is sliding do n or up the incline there is a frictional force
in the opposite direction of the motion.

EXPRESS he free body diagram for the first part of this problem  hen the block is
slidingdo nhill ith ero acceleration issho nne t.
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Newton’s second law gives

mgsind— f, =mgsin@—w, F,, =ma_=0
mgcos@—F, =ma,=0

het oe uations can be combined to give

M, =tand.

o for the second part of the problem ith the
block pro ected uphill the friction direction is
reversed (see figure to the right). Newton’s second
la for the uphill motion and .6 12 leads to

mgsin@+ f, =mgsin@+ w F, =ma,
mgcos@—F, =ma,=0

ote that by our convention a, >0 means that the acceleration is do nhill and
therefore the speed of the block ill decrease as it moves up the incline.

ANALYZE a sing g, =tan@ and F,, =mgcos@ e find the x component of the

acceleration to be
tand mgcosé

m

. F, .
a, =gsm¢9+'u"7N:gsm<9+

=2gsind.

he distance the block travels before coming to a stop can be found by using . 2 16
vi=v; —2a,Ax hich yields

2 2 2
Vo Yo __ "%

Ax = = - = . .
2a, 2 2gsin@ 4gsin@

b eusually e pect s 44 see the discussion in ection 6 1). The “angle of repose”
the minimum angle necessary for a stationary block to start sliding do nhill is x =
tan Gepose . herefore e e pect Gepose O found inpart a. onse uently hen the
block comes to rest the incline is not steep enough to cause it to start slipping do n the
incline again.

LEARN nalternative ay to see that the block ill not slide do n again is to note that
the do n ard force of gravitation is not large enough to overcome the force of friction
lL.e. mgsin@d=f, <

sma *
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92. Consider that the car is “on the verge of sliding out” — meaning that the force of static
friction is acting “down the bank” (or “downhill” from the point of view of an ant on the

banked curve ith ma imum possible magnitude. e first consider the vector sum F
of the ma imum static friction force and the normal force.  ue to the facts that they are

perpendicular and their magnitudes are simply proportional .61 efind Fis at
angle measured from the vertical a is ¢=6 6, heretan ¢, = u, compare ith .6

13 and @is the bank angle. o the vector sum of F and the vertically do n ard pull
mg of gravity must be e ual to the hori ontal centripetal force mv®/R  hich leads to
a surprisingly simple relationship

mv/R V2
tang = mg = R_g

riting this as an e pression for the ma imum speed e have

Rg tan0+ u,
1-pu tand

Vi :\ngtan O+tan™ u, =\/

a e note that the given speed is in  units roughly 17 ms. f e donot antthe
cars to “depend” on the static friction to keep from sliding out (that is, if we want the
component “down the back™ of gravity to be sufficient), then we can set g = 0 in the

above e pression and obtain v= «/Rgtan @. ithR=150m thisleadsto #=11°.
b f ho ever the curve is not banked so & =0 then the above e pression becomes

v:\/Rgtan tan™t u, :,ng,uS

olving this for the coefficient of static friction z = 0.19.

93. (a) The box doesn’t move until 7= 2.8s hichis hen the applied force F reaches a
magnitude of = 1.8 2.8 =5.0 implying therefore that f; ma =5.0 . nalysis of
the vertical forces on the block leads to the observation that the normal force magnitude
e ualsthe eight Fy=mg=15 . hus

ﬂS:fgma FN:034

(b) We apply Newton’s second law to the horizontal x a is positive in the direction of
motion

F— f.=ma = 18t — f, =(15)(12r — 24)

hus efindf;,=3.6 . herefore w =f; Fy=0.24.
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94. n the figure belo  m = 140 9.8 = 14.3 kg is the mass of the child. e use w, and
w, as the components of the gravitational pull of arth on the block their magnitudes

are wy = mg sin @and w, = mg cos 6.

a ith the x a is directed up along the incline so that ¢ = —0.86 m s?), Newton’s
second la leads to

f, —140sin25°=m —0386

hich yields f; = 47 N. We also apply Newton’s second law to the y a is perpendicular
to the incline surface  here the acceleration component is ero

F,-140c0s25°=0 = F, =127

herefore w4 = f; Fy=0.37.

b eturning to our first e uation in part a e see that if the do nhill component of
the eight force ere insufficient to overcome static friction the child ould not slide at
all. herefore ere uire 140sin25 fima = Fy hichleadstotan 25 =0.47 .

he minimum value of x e uals g and is more subtle referenceto 6 1 is recommended.

f 1y e ceeded g then hen static friction ere overcome as the incline is raised then it
should start to move — hich is impossible if £ is large enough to cause deceleration  he
bounds on 4 are therefore given by 0.47 4, 0.37.

95. a he x component of F contributes to the motion of the crate hile its v

component indirectly contributes to the inhibiting effects of friction by increasing the

normal force .  long the y direction e have Fy — Fcosd — mg = 0 and along the x

direction e have Fsin® —f; = 0 since it is not accelerating according to the problem .
Iso .6 2givesf; = Fy. olving these e uations for F yields

F: /lemg )
sin@— u, cosd

b hen <@, =tanx F ill not be able to move the mop head.
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96. a he distance traveled in one revolution is2zR =274.6 m =29 m. he constant
speed is conse uentlyv= 29m 30s =0.96 ms.

(b) Newton’s second law (using Eq. 6 17 for the magnitude of the acceleration leads to
VZ
=m| — |=m 0.20

in units. oting that Fy= mg in this situation the ma imum possible static friction is
fsma = ggmgusing .6 1. uating this ith £, =m 0.20 e find the mass m cancels
and e obtain g =0.20 9.8 =0.021.

97. THINK n this problem a force is applied to accelerate a bo . rom the distance
traveled and the speed at that instant e can calculate the coefficient of Kinetic friction
bet een the bo and the floor.

EXPRESS he free body diagram is sho n to the right. e adopt AEN
the familiar a es ith xright ardand yup ard and refer to the
85  hori ontal push of the orker as F and assume it to be _, -

right ard). Applying Newton’s second law to the x a isand y a is P m F
. <>
respectively produces

F—f =ma_ F,—mg=0.

mg Y

n the other hand using .2 16 v*=v.+2a Ax e find the acceleration to be
_vz—vé 1.0ms?-0

a, = =0.357m s’.
) 2Ax 214m

he above e uations can be combined to give g, .

ANALYZE sing f, = F, e find the coefficient of kinetic friction bet een the bo
and the floor to be
Ji F-ma, 85 - 40kg 0.357m s’

=0.18.
H F,  mg 40kg 9.8m s?

LEARN n general the acceleration can be rittenas a, = F m —u,g. e see that the
smaller the value of , the greater the acceleration. n the limit z, =0 e simply have

a =F m

98. e resolve this hori ontal force into appropriate components.
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(a) Applying Newton’s second law to the x
directed uphill and y directed a ay from
the incline surface a es e obtain

Fcos@— f, —mgsind = ma
F, —Fsin@—-mgcosd =0.

sing fx = w Fy these e uations lead to

F . .
a=— C0SO—,Sin@ —g sin@+ 1,cos@
m

hichyieldsa=-2.1ms” or a =2.1ms* for 4 =0.30 F=50 andm =5.0kg.

b he direction of aisdo n the plane.

2
c ithw= 40msandv=0 .216givesAx:—4'0¢:3.9m.

2-21ms?

d ee pect i > 14 other ise an ob ect started into motion ould immediately start
decelerating before it gained any speed n the minimal e pectation case here g =
0.30 the ma imum possible do nhill static frictionis using .61

foma =M Fy =u, FsSin@+mgcosé

hich turns out to be 21 . ut in order to have no acceleration along the x a is e must
have
f. =Fcosf—mgsind=10

the fact that this is positive reinforces our suspicion that f points do nhill . ince the f;
needed to remain at rest is less than £, ma then it stays at that location.

99. a e note that Fy = mg in this situation so
foma = usmg= 052 11kg 9.8ms* =56

onse uently the hori ontal force F needed to initiate motion must be at minimum
slightly more than 56

b naly ing vertical forces hen F isatnon ero Qyields

Fsin 0+F,=mg = f. . =u mg—Fsing.
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o the hori ontal component of F needed to initiate motion must be at minimum
slightly more than this so

FcosO=p_mg—Fsin @ = F=—t5"8
cos@+ . sin &
hich yields F =59 hen =60 .

c eno set #=-60 and obtain

0.52 11kg 9.8ms?

- : =1.1x10°
cos —60° + 0.52 sin —-60°

100. a f the skier covers a distance L during time ¢ ith ero initial speed and a
constant acceleration ¢ then L = a/* 2 hich gives the acceleration a; for the first old
pair of skis

a :Z—L—mzo.ﬂm 2.
b (6ls)

b he acceleration a; for the second ne pairis

2L 2(200m)

=== >~ =023m s
L (42s)

a,

¢ he net force along the slope acting on the skier of mass m is

F

o =mgsingd — f, =mg(sin@ — p, cosb) =ma
hich e solve for g4 for the first pair of skis

0.11m s?

W, =tan0— h _tan3.0°- > =0.041
gcosd 9.8 ms” co0s3.0°
d orthesecond pair e have
2
f=tan0 — % —tan30° - OFBMS 5099,
gcosé 9.8 ms* co0s3.0°

101. If we choose “downbhill” positive, then Newton’s law gives

mgsind—f,=ma
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for the sliding child. o wusing .6 12

Ji= 1 Fy = pyemg
so e obtain a = g sind— x4 cosd =—0.5ms® note that the problem gives the direction
of the acceleration vector as uphill even though the child is sliding do nhill so itis a
deceleration . ith #=35 e solve for the coefficient and find 14 = 0.76.

102. a ur x direction is hori ontal and is chosen as e also do ith y so that the
components of the 100  force F are non negative. hus F, = F cos 6= 100 hich
the te tbook denotes F}, in this problem.

b ince there is no vertical acceleration, application of Newton’s second law in the y
direction gives

Fy+F,=mg=F, =mg—Fsind
here m = 25.0 kg. hisyields Fy=245 inthiscase =0 .
C 0 F,=F,=Fcos#=86.6 for#=30.0.
d ndFy=mg—Fsin =195
e efindF,=F,=Fcos §=50.0 for 8=60.0 .
f nd Fy=mg—Fsin =158
g he condition for the chair to slide is

F.>f =uk, here u =042
ord=0 ehave

F =100 <f .. =042 245 =103
so the crate remains at rest.

h or =300 e find F,=8.6 >/ B =042 195 =819 so the crate
slides.

I or#d=60 egetF =500 <f ., =042 158 =664 hich means the
crate must remain at rest.

103. a he intuitive conclusion that the tension is greatest at the bottom of the s ing is
certainly supported by application of Newton’s second law there:
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2
T'-mg= R :>T=m(g+%j

here .6 18 has been used. ncreasing the speed eventually leads to the tension at the
bottom of the circle reaching that breaking value of 40

b olving the above e uation for the speed e find

v= R(Z—ng 001m (-2 _ggms
m 0.37 kg

hich yields v=9.5ms.

104. a he component of the eight along the incline ith do nhill understood as the
positive direction is mg sind herem =630 kgand =10.2 . ith f=62.0 N, Newton’s
second la leads to mgsin@ — f =ma  hich yields a = 1.64 ms®>. sing .215 e

have
800 m= (6.20 m) - (]_64 Ez) .
s 2 S

his is solved using the uadratic formula. he positive root is 7 = 6.80 s.

b unning through the calculation of part a ith f=42.0 instead of /=62 results
int=6.76 s.

105.  cept for replacing f; ith £z ig 6 5 in the te tbook is appropriate. ith that
figure in mind e choose uphill as the x direction. pplying e ton’s second law to
thexa is e have

f.—Wsin@=ma here m:K
g

and here W=40 4= 0.80ms?and #=25. hus efindf,=20 . longthey
ais ehave

>, F =0=F, =Wcos¢
so that u4 = fi Fy=0.56.
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1. THINK s the proton is being accelerated its speed increases and so does its kinetic
energy.

EXPRESS o calculate the speed of the proton at a later time e use the e uation
v? =V} +2aAx from able 2 1. he change in kinetic energy is then e ual to

f i

AK:Em vi—v? .
2

ANALYZE a ith Ax=3.5cm=0.035m and a=3.6x10"ms* e find the
proton speed to be

v=\? +2aAx = \/(2.4><107 ms) +2 (3.6x10° ms?)(0.035 m) =2.9x10" ms,

b heinitial kinetic energy is

K, :%mvg =% (1.67x107 kg)(2.4x10" m's) =4.8x10°*

and the final kinetic energy is

1

Ky =5m :% (1.67x107'kg)(2.9x10'm's) =6.9x10™ .

hus the change in kinetic energy is
AK=K,-K =69x10" -48x10" =21x10" .

LEARN he change in Kinetic energy can be re ritten as

1 1
AKzzm vjz,—v2 =§m 2aAx =maAx=FAx=W

1

hich according to the ork kinetic energy theorem is simply the ork done on the
particle.

301
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2. ithspeedv=11200ms e find

K =%mv2 =% 2.9x10° kg 11200ms *=1.8x10" .

3. a he change in kinetic energy for the meteorite ould be

AK =K, -K,=-K, = —%m.v? =_%(4><106 kg)(15x10°m s)2 = -5x10%

11

or AK =5x10" . he negative sign indicates that kinetic energy is lost.

b he energy loss in units of megatons of ould be

—AK =(5x10* ) ! megatonlS = 0.1megaton
4.2x10

c he number of bombs N that the meteorite impact ould correspond to is found by
noting that megaton = 1000 kilotons and setting up the ratio

~ 0.1x1000kiloton
13kiloton

s0km ( E )
1km 1 megaton

and find £ = 50% = 1 x 10° megatons of

=8.

4. a  esetup the ratio

b e note that 15 kilotons is e uivalent to 0.015 megatons. ividing the result from
part a by 0.013 yields about ten million 10’ bombs.

5. e denote the mass of the father as m and his initial speed v;. he initial kinetic energy
of the father is

and his final kinetic energy  hen his speed is v,=v; 1.0ms is K, =K, . e use
these relations along ith .7 1 in our solution.

a eseefromthe above that K, =3 K, hich ith  units understood leads to
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he mass cancels and e find a second degree e uation for v; %vf -V, —%:0. he

positive root from the uadratic formula yields v;=2.4ms.

b rom the first relation above (K, =% K,,) e have

1 1(1 Zj
“m==1= m2v
2 \2

son

and after canceling m and one factor of 1 2 are led to v, =2v, =4.8 m/s.

6. eapplythee uationx r =x,+vy+3ar® foundin able2 1. inceatr=0s xo=0
and v, =12 m s the e uation becomes in unit of meters

xt =12t+iaf’.

ith x=10 m hen r=1.0s the acceleration is found to be a=—-4.0 m s*>. he fact
that a <0 implies that the bead is decelerating. hus the position is described by

xt =12t-2.0¢*. ifferentiating x ith respect to ¢ then yields

vt :@212—4.0t.
dt

ndeed at r =3.0 s v r=3.0 =0and the bead stops momentarily. he speed at =10 sis
vt=10 =-28 m s and the corresponding Kinetic energy is

K:%mvz =% 1.8x10%kg —-28ms?*=7.1 .

7. ince this involves constant acceleration motion e can apply the e uations of able
21 such as x=vjit+iar® here x,=0 . e choose to analy e the third and fifth
points obtaining

0.2m=v,1.0s +%a 1.0s?

0.8m=v, 2.0s +%a 20s 2
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imultaneous solution of the e uations leads to v, =0 and ¢ =040m/s’. eno have

t o ays to finish the problem. ne is to compute force from F' = ma and then obtain the
ork from . 7 7. he other is to find AK as a ay of computing W in accordance
ith . 710 . n this latter approach e find the velocity at r=2.0s from

v=v,+at SO0v=0.80m/s . hus

W=AK=% 3.0kg 0.80ms?*=0.96 .

8 sing .78 and .323 efindthe orkdonebythe ater on the ice block

W=F.d=| 210 i-150 "|[15mi-12m |=210 15m+-150 -12m
=5.0x10° .

9. ythe ork kinetic energy theorem

W:M:lmvi—lmvle 2.0kg ( 6.0ms?— 40ms?)=20 .
2 2 2

e note that the directions of v, and v, play no role in the calculation.

10. uation 7 8 readily yields
W= F.Ax F,Ay =20 cos100 3.0m 20 sin100 40m =6.8 .

11. singthe ork kinetic energy theorem e have

AK=W=F-d=Fd.usg.

n addition F=12 and d:\/ﬂ 2.00m?%+ —4.00m?+ 3.00m ?=5.39 m.

a f AK=+30.0 then

¢ =cos™ (&] =cos™ 30.0 =62.3°.
Fd 120 539m

b AK=-30.0 then
¢=cos™ (ﬁj =cos ' —30.0 =118°.
Fd 120 539m

12. a rom .76 F=W/x=3.00 thisisthe slope of the graph .
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b uation7 10vyieldsK=K; WwW=3.00 6.00 =9.00 .

13. echoose x as the direction of motion so @ and F are negative valued .
(a) Newton’s second law readily yields F = 85ky —2.0ms? so that
F=F =17x10°

b rom .216 ithv=0 ehave
(37ms)2

_ 2
—2(_2'0m Sz) 3.4x10°m.

0=V} +2aAx = Ax=-

Iternatively this can be orked using the ork energy theorem.

¢ ince F is opposite to the direction of motion so the angle ¢ bet een F and
d=Axis180 then .7 7givesthe orkdoneas W =—FAx=-5.8x10*

(d) In this case, Newton’s second law vyields F=(85 kg)(—4.0m 52) so that
F=F =34x10°

e rom .216 eno have
2
N CLALD) B T
2(—4.0ms)

f he force F is again opposite to the direction of motion so the angle ¢ is again 180
sothat .7 7 leadsto W =—FAx=-5.8x10" . he fact that this agrees ith the result
of part ¢ provides insight into the concept of ork.

14. he forces are all constant so the total ork done by them is given by W= F  Ax

here Fpe is the magnitude of the net force and Ax is the magnitude of the displacement.
e add the three vectors finding the x and y components of the net force

=—F, —F,sin50.0°+ F,c0s35.0°=-3.00 — 4.00 sin35.0°+ 10.0 c0s35.0°
=213

F,., =—F,c0s50.0°+ F;sin35.0°=—- 4.00  c0s50.0°+ 10.0 sin35.0°

nety —

=3.17

he magnitude of the net force is
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Fr=\[Fi +F%, =213 24317 =38

nety
he ork done by the net force is

W=F,d= 382 400m =15.3

net

here e have used the fact that 4 F,_  hich follo s from the fact that the canister

started from rest and moved hori ontally under the action of hori ontal forces — the
resultant effect of hich is e pressed by F;]

et *

15. a he forces are constant so the ork done by any one of them is given by

W=F-d hered is the displacement. orce 17“1 is in the direction of the displacement
SO
W,=Fdcosg = 500 3.00m cos0°=15.0 .

orce F, makes an angle of 120 ith the displacement so
W,=F,dcos¢,= 9.00 3.00m cos120°=-13.5 .
orce 1'7“3 is perpendicular to the displacement so
W3 = Fsd cos ¢3 = 0 since cos 90 =0.
he net ork done by the three forces is
W=Ww+W,+W,=150 -135 +0=+1.50 .

b fno other forces do ork on the bo its kinetic energy increases by 1.50 during the
displacement.

16. he change in Kinetic energy can be ritten as

1 1
AKzzm vjz,—vi2 =5 2aAx =malx

here e have used v; =V’ +2aAx from able 2 1. rom the figure e see that

AK= 0-30 =-30 hen Ax=4+5 m. he acceleration can then be obtained as

AK -30
mAx 8.0kg 5.0m

a= =-0.75 m s°.
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he negative sign indicates that the mass is decelerating. rom the figure e also see
that hen x =5 mthe kinetic energy becomes ero implying that the mass comes to rest
momentarily. hus
Vi =1"-2aAx=0-2-0.75m s’ 5.0m =7.5m*s’

orv,=2.7ms. hespeedoftheobect henx=-3.0mis

v=\ W +2aAx =75 m* s +2 -0.75m s* -3.0m =\12ms=3.5ms.

17. THINK he helicopter does ork to lift the astronaut up ard against gravity. he
ork done on the astronaut is converted to the Kinetic energy of the astronaut.

EXPRESS e use F to denote the up ard force e erted by the cable on the astronaut.

he force of the cable is up ard and the force of gravity is mg do n ard. urthermore
the acceleration of the astronaut is a = g/10 upward. According to Newton’s second la
the force is given by

11
F-mg=ma = F=mg+a :Emg

in the same direction as the displacement. n the other hand the force of gravity has
magnitude F, =mg and is opposite in direction to the displacement.

ANALYZE a ince the force of the cable F and the displacement d are in the same
direction the ork done by F is

_1lmgd 11 72kg 9.8ms® 15m
10 10

W, =Fd =1.164x10* =~1.2x10*

b sing .77 the orkdone by gravity is

W,=-Fd=-mgd=— 72kg 98ms* 15m =-1.058x10" ~-1.1x10" .

g

¢ hetotal orkdoneisthesumofthet o orks

w,

net

=W, +W,=1.164x10" —1.058x10* =1.06x10° ~1.1x10°

ince the astronaut started from rest the ork kinetic energy theorem tells us that this is
her final kinetic energy.

3
d ince K=21mv? her final speed is v= ’Z_K _ (21060 5y,
m 72 kg
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LEARN orageneral up ard acceleration a the net ork done is

/4

net

=W, +W,=Fd—-F,d=m g+a d—mgd=mad.

ince W

net

ould be v=+2ad  hich is independent of the mass of the astronaut. n our case
v=\f2 9.8ms” 10 15m =5.4ms hich agrees ith that calculated in d .

= AK =mv* 2 bythe ork kinetic energy theorem the speed of the astronaut

18. n both cases there is no acceleration so the lifting force is e ual to the eight of the
ob ect.

a uation7 8leadsto W=F-d= 360k 0.10m =36k .

b nthiscase efind W= 4000 0.050m =2.0x10?

19.  uation 7 15 applies but the ording of the problem suggests that it is only
necessary to examine the contribution from the rope (which would be the “W,” term in
. 715
W,=-50 050m =-25

the minus sign arises from the fact that the pull from the rope is anti parallel to the

direction of motion of the block .  hus the Kinetic energy ould have been 25 greater

if the rope had not been attached given the same displacement .

20. rom the figure one may rite the kinetic energy in units of as a function of x as
K=K, —20x=40-20x.

ince W=AK:I3X -Ax the component of the force along the force along x is
F,=dK dx=-20 . he normal force on the block is F, =F, hich is related to the

gravitational force by
mg:JFXZ+ —F, 2.

ote that F), points in the opposite direction of the component of the gravitational force.
ith an initial kinetic energy K =40.0 and v,=4.00ms the mass of the block is

vy 4.00ms

hus the normal force is

Fo=mg?-F>=\50kg?98ms’?— 20 *=447 =~45
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21. THINK n this problem the cord is doing ork on the block so that it does not
undergo free fall.

EXPRESS e use F to denote the magnitude of the force of the cord on the block. his
force is up ard opposite to the force of gravity hich has magnitude F, =Mg to

prevent the block from undergoing free fall. he acceleration is a=g 4do n ard.
Taking the downward direction to be positive, then Newton’s second law yields

Foet

=ma= Mg—-F = M(%j

so "= 3Mg 4 in the opposite direction of the displacement. n the other hand the force
of gravity F, = mg is in the same direction to the displacement.

ANALYZE (a) Since the displacement is downward, the work done by the cord’s force
is using .77

W, =—Fd= —%Mgd.

b imilarly the ork done by the force of gravity is W, = F,d = Mgd.

c hetotal ork done on the block is simply the sum of thet o orks

w,

net

=W, +W, :—gMgd+Mgd:%Mgd.

ince the block starts from rest e use . 7 15 to conclude that this (M gd/4) is the
block’s kinetic energy K at the moment it has descended the distance d.

d ith K=1M? the speed is

v_\/Z_K_\/ZMgd4 _ |gd
M M 2

at the moment the block has descended the distance d.

LEARN or a general do n ard acceleration a the force e erted by the cord is
F=m g—a sothatthe net ork done on the block is W, , =F,,d =mad. he speed of

net —

the block after falling a distance d is v=+/2ad. n the special case here the block hangs
still. a=0 F=mg and v=0. n our case a=g 4 and v=y2 g 4d=\/gd 2
hich agrees ith that calculated in d .
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22. e use d to denote the magnitude of the spelunker’s displacement during each stage.
he mass of the spelunker is m = 80.0 kg. he ork done by the lifting force is denoted
W; herei=1 2 3forthe three stages. e apply the ork energy theorem .17 15.

a orstagel W,—mgd=AK, =imv} herev,=500m s. hisgives
lemgd+%mvf = 80.0kg 9.80ms® 10.0m +% 80.0kg 5.00ms *=8.84x10° .

b orstage2 W,—mgd=AK,=0 hich leads to

W,=mgd= 80.0kg 9.80ms* 10.0m =7.84x10° .

c orstage3 W,—mgd=AK,=-imv}. e obtain
Wszmgd—%mvf: 80.0kg 9.80ms® 10.0m —% 80.0kg 5.00ms *=6.84x10° .

23. he fact that the applied force F| causes the bo to move up a frictionless ramp at a

constant speed implies that there is no net change in the kinetic energy AK =0. hus

the ork done by F, must be e ual to the negative ork done by gravity 7, =-W,.
ince the bo is displaced vertically up ard by #=0.150 m e have

W, =+mgh= 3.00kg 9.80ms®* 0.150 m =4.41

24. a sing notation common to many vector capable calculators e have from .7
8 W=dot 20.00 0 -3.00 98 0500 £30.0 = 1.3117J, where “dot” stands
for dot product.

b .710 along ith .71 thenleadstov=+/2131 /3.00kg = 0.935ms.
25. a henetup ard force is given by

F+F,— m+M g= m+M a

here m = 0.250 kg is the mass of the cheese A7 =900 Kkg is the mass of the elevator cab
F is the force from the cable and F,, =3.00 is the normal force on the cheese. n the

cheese alone e have

_ 2
Foomgema — q-300 —0250kg 980mS’ _, .0 o
0.250 kg
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hus the force from the cable is F= m+M a+g —F,=1.08x10* and the ork
done by the cable on the cab is

W=Fd = 1.80x10" 240 m =259x10" .
b fW=92.61k and d,=10.5 m the magnitude of the normal force is

1
Fo= m+M g=2 — 0250kg+900kg 9.80m s’ _9:261x10° 5 45

d, 10.5m

26. emakeuseof .725and .7 28 since the block is stationary before and after
the displacement. he ork done by the applied force can be ritten as

W =-W. :lk xr—x; .
2 P

a s 1

he spring constant is k= 80 2.0cm =4.0x10° m. ith W, =4.0 and
x,=—2.0cm ehave

X, :i\/ZZ/" +x7 =iJ " 02 1102 — ~0.020 m > =+0.049 m=+4.9 cm.
.UX

27. rom .7 25 eseethatthe orkdone by the spring force is given by

w. :%k x,.z—x‘i :

N

he fact that 360 of force must be applied to pull the block to x = 4.0 cm implies that
the spring constant is
~ 360

= =90 cm=9.0x10° m.
4.0cm

k

a  henthe block moves from x, =+5.0 cmto x=+3.0cm e have
/4 =% 9.0x10° m 0.050m?-0.030m? =7.2 .
b oving from x, =+5.0 cmto x=-3.0cm e have

/4 :% 9.0x10° m 0.050m?- -0.030m? =7.2 .
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c oving from x, =+5.0 cmto x=-5.0cm e have
/4 =% 9.0x10° m 0.050m?*- -0.050m > =0 .
d oving from x, =+5.0 cmto x=-9.0 cm e have
w. :% 9.0x10° m 0.050m?*- -0.090 m?* =-25 .

28. he spring constant is £ = 100 m and the ma imum elongation is x; = 5.00 m.
sing .725 ithx,=0 the orkisfound to be

1

W:ka,?:% 100 m 5.00m?=1.25x10° .

29. he ork done by the spring force is given by . 725 W, :%k x;—xi . he

spring constant k£ can be deduced from the figure hich sho s the amount of ork done
to pull the block from 0 to x = 3.0 cm. he parabola W, = kx> 2contains 00 2.0 cm

040 and 3.0cm 0.90 . hus e may infer from the data that £ =2.0x10° m.

a  henthe block moves from x, =+5.0 cmto x=+4.0cm e have
W, :% 2.0x10° m 0.050m?*- 0.040m * =0.90 .
b oving from x, =+5.0 cmto x=-2.0cm e have
/4 :% 20x10° m 0.050m?- -0.020m? =21 .
c oving from x, =+5.0 cmto x=-5.0cm e have
1

w. =3 20x10° m 0.050m?- -0.050m? =0 .

30. Hooke’s law and the work done by a spring is discussed in the chapter. We apply the
ork kinetic energy theorem in the form of AK =W, + W, to the points in the figure at x

= 1.0 m and x = 2.0 m, respectively. The “applied” work W, is that due to the constant
force P.
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4 =P10m —%kl.Om2

0=P20m —%k 20m 2.

a imultaneous solution leads to P = 8.0
b imilarly efindk=80 m.

31. THINK he applied force varies ith x so an integration is re uired to calculate the
ork done on the body.

EXPRESS s the body moves along the x a is from x; = 3.0 m to x,= 4.0 m the ork
done by the force is

W:J-Y/EC dx:J.xf_Gx dx=-3 x;_—xiz —_3 4.0°-30% =-21 .

ccording to the ork Kinetic energy theorem this gives the change in the kinetic energy

WzAKz%m(v_i —vl.z)

here v; is the initial velocity at x; and vyis the final velocity atx,. iven v, e can
readily calculate v,.

ANALYZE a he ork kinetic theorem yields

+80ms?2=6.6ms.

2w, 221
V=tV =
' m 2.0kg
b he velocity of the particle is v/ =5.0ms henitisatx=x. he ork kinetic energy
theorem is used to solve for x. he net ork done on the particle is W:—B(xﬁ. —x?) SO

7

the theorem leads to

W=AK = —3(x‘f,—x?):—m (vj,—v?).

xfz\/—ﬂ(vi—v?)m? :\/—M( 50ms?-80ms?*)+ 3.0m?*=47m,
' 6 6 m

LEARN ince x, >x, W=-3x%—x’ <0 ie. the orkdone by the force is negative.

rom the ork kinetic energy theorem this implies AK <0. ence the speed of the
particle ill continue to decrease as it moves in the x direction.
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32. he ork done by the spring force is given by . 725 W, :%k x;—x; . ince

F_=—kx the slope in ig. 7 37 corresponds to the spring constant k. ts value is given
by k=80 ¢m=8.0x10° m.

a  hen the block moves from x, =+8.0 cmto x=+5.0cm e have
W, :% 8.0x10° m 0.080m?- 0.050m? =156 =~16 .

b oving from x, =+8.0 cmto x=-5.0cm e have

/4 :% 8.0x10° m 0.080m?*- -0.050m ?* =156 =~16 .

N

¢ oving from x,=+8.0 cmto x=-8.0 cm e have

W, =% 8.0x10° m 0.080m?- -0.080m? =0 .

d oving from x,=+8.0 cmto x=-10.0cm e have

W, :% 8.0x10° m 0080m?*- -010m?* =-144 ~-14 .

33. a hisisasituation here .7 28 applies so e have

Fx:%kx2 = 3.0 x:%50 m x°

hich other than the trivial root givesx= 3.025 m=0.12 m.
b he orkdone by the applied forceis Wa=Fx= 3.0 0.12m =0.36 .

c .7 28 immediately gives W, =-W,=-0.36 .

d ith K, = K considered variable and K; = 0 .7 27 gives K = Fx — %kxz. e take

the derivative of K ith respect to x and set the resulting e pression e ual to ero in
order to find the position x. taht corresponds to a ma imum value of K

o= % = 3050 m =0.060m.

e note that x is also the point here the applied and spring forces “balance.”
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e tx. efindK=Kyuy =0.090 .

34. ccording to the graph the acceleration a varies linearly ith the coordinate x. e
may ritea=ox here a is the slope of the graph. umerically

~20m ¢
80m

=2557,

he force on the brick is in the positive x direction and, according to Newton’s second
la its magnitude is given by F =ma=max. fxsis the final coordinate the ork done
by the force is

-2
sz‘fF dxzmaj-"xdxzmaxi: 10kg 2.5s 8.0 m *=8.0x10?
0 0 2 - 2

35. THINK e have an applied force that varies ithx. nintegration isre uired to
calculate the ork done on the particle.

EXPRESS iven a one dimensional force F x the ork done is simply e ual to the
area under the curve W =jx’ F x dx.

ANALYZE a he plot of Fx is sho n to
the right. ere e take xo to be positive. he

ork is negative as the obect moves from F,
x=0tox=x, and positive as it moves from

X =x,10x=2x,.

ince the area of a triangle is base altitude 2 Xo 2X
the  ork done from x=0tox=x, Iis

W,=—x, F, 2and the ork done from _F,
xX=x,10x=2x, IS

Wy=2x,-x, F, 2=1x, I, 2
he total ork is the sum of thet o

W=Wl+W2:—%E,xO+%E)xO=O.

b heintegral for the orkis

2 2xg
w=[" k| Z1|d=F| —x
0 X, 2x, .

LEARN f the particle starts out at x = 0 ith an initial speed v, ith a negative ork
W, =—Fyxx, 2<0 itsspeedat x=x, ill decrease to

=0.

forum.konkur.in



www.konkur.in

316 CHAPTER 7

i i i

2W, Fox
v:\/v,2+—l = -0y
m m

but return to v, again at x =2x, itha positive ork W, =Fx, 2>0.

36. rom .7 32, we see that the “area” in the graph is equivalent to the work done.
inding that area in terms of rectangular length x idth and triangular
3 base x height areas e obtain

+W, = 20+10+0-5 =25 .

2<x<4

+W,

4<x<6

+W,

6<x<8

W:VVO<X<2
37. a e first multiply the vertical a is by the mass so that it becomes a graph of the
applied force. Now, adding the triangular and rectangular “areas” in the graph (for 0 < x
<4 gives42 forthe orkdone.

b Counting the “areas” under the axis as negative contributions, we find (for 0 <x <7
the orktobe30 atx=7.0m.

¢ ndatx=9.0m the orkisl2 .

d uation7 10 along ith .71 leadstospeedv=6.5msatx=4.0m. eturning
to the original graph  here a as plotted e note that since it started from rest it has
received acceleration s up to this point only in the +x direction and conse uently must
have a velocity vector pointing in the x direction at x = 4.0 m.

e o0 usingtheresultofpart b and .7 10 along ith .71 e find the speed
iIs5.5msatx=7.0m. Ithough it has e perienced some deceleration during the 0 <x <
7 interval its velocity vector still points in the x direction.

f inally using the resultof part ¢ and .7 10 along ith .71 e findits speed
v=35msatx=9.0m. tcertainly hase perienced a significant amount of deceleration

during the 0 < x < 9 interval nonetheless its velocity vector stzill points in the x
direction.

38. a singthe ork kinetic energy theorem

20 2 1 3
K, =K +[" 25-x" dc=0+25 20 -- 20°=23 .
0 3

b oravariable end point e have Kas a function of x  hich could be differentiated
to find the e tremum value but e recogni e that this is e uivalent to solving F = 0 for x

F=0= 25-x"=0.
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hus Kise tremi edat x = \/2.5 ~1.6 m and e obtain
KfzKi+j:’TS 25-x" dx=0+ 25 2. —% J25°=26 .

ecalling our ans er for part a itis clear that thise treme value isa ma imum.

39. sthe body moves along the x a is from x; = 0 m to x,= 3.00 m the ork done by the

force is
3

W=["F d=[" cx-3.00x" dx:(%xz—x?’j =§ 3.00 2— 3.00°
X; X; 0

=4.50c-27.0.

0 ever W=AK=11.0-20.0 =-9.00 from the ork kinetic energy theorem.

hus
4.50c-27.0=-9.00
orc=4.00 m.

40. sing .732 efind
1.25 2
W= | et dx =021

0.25

here the result has been obtained numerically. any modern calculators have that
capability as ell as most math soft are packages that a great many students have
access to.

41. echooseto orkthisusing .7 10 the ork kinetic energy theorem . o find the
initial and final kinetic energies e need the speeds so

V= dx =3.0-8.0¢+30¢°
dt

in units. hus the initial speed is v; = 3.0 m s and the speed at 1 =4 s is v/=19 ms.
he change in kinetic energy for the ob ect of mass m = 3.0 kg is therefore

AK:%m (vi—v?)=528

hich e round off tot o figures and using the ork kinetic energy theorem conclude
that the ork done is W =5.3x10° .

42. e solve the problem using the ork kinetic energy theorem hich states that the
change in kinetic energy is e ual to the ork done by the applied force AK =W . nour
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problem the ork doneis W =Fd here F'is the tension in the cord and d is the length
of the cord pulled as the cart slides from x; to x,. rom the figure e have

d=\xt+h* —xt+h*={300m 2+ 1.20m ?-/1.00m *+ 1.20 m 2
=3.23m-156 m=1.67 m

hichyields AK=Fd= 25.0 1.67m =41.7

43. THINK his problem deals ith the po erand ork done by a constant force.

EXPRESS he po er done by a constant force F is given by P = Fv and the ork done
by F from time ¢, to time ¢, is

W:fpwszwﬁ

ince F is the magnitude of the net force the magnitude of the acceleration is a = F m.
hus if the initial velocity is v, =0 then the velocity of the body as a function of time is

given by v=v,+ar= F/m t. ubstituting the e pression for v into the e uation above
the ork done during the time interval z, 7, becomes

2

w=[* F? mtdt=F—(t§—tf).
m

4

2
ANALYZE a orz=0andz,=10s W:1 >0 1.0s*-0=10.83 .
2\ 15kg

50 °?
15 kg

b or#=10s andz,=2.0s Wzé( J 20s?-10s? =25 .

1( 50 °? ) 2
c ory=20sandz =30s WZE 30s°-20s° =42 .

15 kg

d ubstitutingv= Fm¢tinto P=Fv eobtain P=F?¢/m for the po er atany time .
t the end of the third second the instantaneous po er is

2
P:(so 303)250

15 kg

LEARN he orkdone hereis uadraticin¢ herefore from the definition P=dW dt
for the instantaneous po er e see that P increases linearly ith 7.
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44. a ince constant speed implies AK = 0 ere uire W, =-W, by .715. ince

W, is the same in both cases same eight and same path then 7, =9.0x10*> ustas it
as in the first case.

b ince the speed of 1.0 m s is constant then 8.0 meters is traveled in 8.0 seconds.
sing .7 42 and noting that average po eris the po er henthe ork is being done
at a steady rate e have

W 900

== =1.1x10°
At 8.0s

c ince the speed of 2.0 m s is constant 8.0 meters is traveled in 4.0 seconds. sing
7 42 ith average power replaced by power e have

p_300 _,05 L2310
At 40s

45. THINK  block is pulled at a constant speed by a force directed at some angle ith
respect to the direction of motion. The quantity we’re interested in is the power, or the
time rate at hich ork is done by the applied force.

EXPRESS he po er associated ith force F is given by P=F“-\7=Fvw5¢ here
¥ is the velocity of the ob ect on hich the force acts and ¢ is the angle bet een F and

V.

ANALYZE ith F=122 v=5.0m s and ¢=37.0° efindthepo ertobe

P=Fvcos¢g= 122 5.0 ms cos37.0°=4.9x10?

LEARN rom the e pression P=Fvcos¢ e see that the po er is at a ma imum

hen F and v are in the same direction ¢=0 and is ero hen they are
perpendicular of each other. In addition, we’re told that the block moves at a constant
speed so AK =0 and the net ork done on it must also be ero by the ork kinetic
energy theorem. hus the applied force here must be compensating another force e.g.
friction for the net rate to be ero.

46. ecogni ing that the force in the cable must e ual the total eight since there is no
acceleration  eemploy .7 47

P = Fvcos @ = mg(g)
At

here e have used the fact that &=0° (both the force of the cable and the elevator’s
motionare up ard . hus
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210 m
23s

P= 3.0x10°kg 9.8ms’ ( j=2.7><105

47. a  uation 7 8 yields

W= F.Ax F,Ay F.Az
=200 75m-050m 400 120m-0.75m 6.00 7.2m-0.20m
=101 ~ 1.0x 10° .

b ividing thisresult by 12s see .7 42 yields P=8.4

48. a ince the force e erted by the spring on the mass is ero hen the mass passes

through the e uilibrium position of the spring the rate at hich the spring is doing ork
on the mass at this instant is also ero.

b he rate is given by P=F-v=—Fv here the minus sign corresponds to the fact
that 7 and v are anti parallel to each other. he magnitude of the force is given by

F=kx=500 m 0.10m =50

hile v is obtained from conservation of energy for the spring mass system
1 2 1 2 1 2 l 2
E=K+U=10 :Emv +Ekx :E 0.30 kg v +§ 500 m 0.10m

hich givesv=7.1ms. hus
P=-Fv=-50 7.1ms =-35 x 10

49. THINK e have a loaded elevator moving up ard at a constant speed. he forces
involved are gravitational force on the elevator gravitational force on the counter eight
and the force by the motor via cable.

EXPRESS he total ork is the sum of the ork done by gravity on the elevator the
ork done by gravity on the counter eight and the ork done by the motor on the
system

W=Ww+W +W,.

ince the elevator moves at constant velocity its kinetic energy does not change and
according to the ork kinetic energy theorem the total ork done is ero i.e.
W=AK =0.

ANALYZE he elevator moves upward through 54 m so the ork done by gravity on it
is
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W, =-m,gd=—1200kg 9.80ms’ 54m =-6.35 x 10° .
_ he counter eight moves downward the same distance so the ork done by gravity on it
’ W.=mgd= 950kg 9.80ms?> 54m =503x10° .
ince W =0 the ork done by the motor on the system is

W, =-W -W.=6.35x10° - 5.03x10° = 1.32x10° .

his ork is done in a time interval of Az=3.0 min=180 s so the po er supplied by
the motor to lift the elevator is

5
pln 13210 74, 0
At 180

LEARN n general the ork done by the motor is W, = m,—m_  gd. 0 hen the
counter eight mass balances the total mass m_.=m, no orkisre uired by the motor.

50. a sing .748and .323 eobtain

P=F-v=40 -20ms+ 90 40ms =28
b eagainuse .748and .323 but ithaone componentvelocity v = V.

P=Fv =-12 =-20
hich yieldsv=6m s.

51. (a) The object’s displacement is

d=d,—d = -800m i+ 6.00m + 2.00m k.
hus .7 8qgives

W=F-d=300 -800m+ 700 6.00m+ 700 200m =320 .

b heaveragepo erisgivenby .7 42

o= =329 _g 00
400

¢ he distance from the coordinate origin to the initial position is
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d;=y/3.00m?+ —2.00m 2+ 500m 2=6.16 m

and the magnitude of the distance from the coordinate origin to the final position is

d, =\ -5.00m?+ 400m 2+ 7.00m 2=9.49 m.

heir scalar dot product is

c?i-c'i/: 3.00m -500m + —2.00m 4.00m + 500m 7.00m =12.0 m?.

hus the angle bet eenthet o vectorsis

d-d
¢=cos| —=L |=cos™ 120 1 4890
dd, 6.16 9.49

52. ccording to the problem statement the po er of the car is

P= aw _d 1mv2 = mv@ = constant.
dr  dt\ 2 dt

he condition implies dfr =mvdv P hich can be integrated to give

v mvd 2
La-[ot = -2

here v, is the speed of the car at 7 ="T.

n the other hand the total distance traveled
can be ritten as

3
L:J‘Tva’t:jTvmva’vzE iy ="
0 o p  ph 3P

y s uaring the e pression for L and substituting the e pression for 7 e obtain
I m_v? 2=8_P mv; 3=8PT3
3P Im\ 2P I9m

PT? = gmL2 = constant.

hich implies that

. - . . T
ifferentiating the above e uation gives dPT* +3PT?dT =0 or dT = ——PdP.
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53. a oting that the x component of the third force is F5, = 4.00 cos 60 e apply
. 7 8 to the problem

W= 5,00 -1.00 400 cos60 0.20m =1.20 .
b uation7 10 along ith .7 1 thenyieldsv=~2W/m =1.10ms.

54. rom .7 32, we see that the “area” in the graph is equivalent to the work done. We
find the area in terms of rectangular length x idth and triangular 3 base x height

areas and use the ork kinetic energy theorem appropriately. he initial point is taken to
bex=0 herevy=4.0ms.

a ith K =im)=16  ehave

KS _KO :VVO<x<1 +VV1<x<2 + VVZ =-4.0

<x<3

so that K3 the kinetic energy henx=3.0m isfoundtoe ual 12 .

b ith units understood e rite W,

3<x<x

L asFAx=-40  x,-30m and apply
the ork kinetic energy theorem

Kr - K3 = VV3<x<x
*f f
K, -12= -4 x,-30

so that the re uirement K, =8.0 leadsto x, =40m.

c s long as the ork is positive the kinetic energy gro s. he graph sho s this
situation to hold until x = 1.0 m. t that location the kinetic energy is

K, =K,+W, =16 +2.0 =18 .

55. THINK A horse is doing work to pull a cart at a constant speed. We’d like to know
the ork done during a time interval and the corresponding average po er.

EXPRESS he horse pulls ithaforce F. s the cart moves through a displacement d
the ork done by F is W:F“-c_l'deuusgzﬁ here ¢is the angle bet een F and d.

ANALYZE a n 10 min the cart moves a distance

'j(5280ft mi

d=vAt=(6.0 m _
60 min h

. j 10 min =5280 ft

sothat .7 7yields
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W = Fdcos ¢ = 40 b 5280 ft cos 30°=1.8x10° ft-Ib.

b heaveragepo erisgivenby .7 42. ith At=10 min=600s e obtain

_K_1.8><105 ft-lb

g == =305 ft-Ibs
At 600 s

hich using the conversion factor 1hp =550 ft-Ib s found on the inside back cover
converts to Payg = 0.55 hp.

LEARN he average po er can also be calculate by using .7 48 P, =FvC0Sg.

avg
5280 ft mi

onverting the speed to v= 6.0 mi h
3600s h

j:8.8fts e get

P . =Fvcosg= 40 1b 8.8 ft s cos30°=305 ft-lb=0.55 hp

avg
hich agrees ith that found in b .
56. he acceleration is constant so e may use the e uations in able 2 1. e choose
the direction of motion as x and note that the displacement is the same as the distance
traveled in this problem. e designate the force assumed singular along the x direction
acting on the m = 2.0 kg ob ect as F.

a ithw=0 .211leadsto a =vz. nd .217 gives Ax = Jvr. Newton’s
second la yields the force F'= ma. uation7 8 then givesthe ork

W:FAx:m(Xj(lvtj:lmvz
t )\ 2 2

as e e pect from the ork kinetic energy theorem. ith v = 10 ms this yields
W =1.0x10°

b nstantaneous po erisdefinedin .7 48. ith7=3.0s efind
P:Fv:m(;}/:m

¢ hevelocityat #/=1.5s is v'=at'=5.0 m/s. hus P'=Fv' =33
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57. a o hold the crate at e uilibrium in the final situation F must have the same
magnitude as the horizontal component of the rope’s tension 7 sin &  here @ is the
angle bet een the rope in the final position and vertical

6= sinl(@) =195°,
12.0

ut the vertical component of the tension supports against the eight 7 cos 6 =mg.

hus the tension is
T= 230kg 9.80ms? cos19.5 =2391

and F= 2391 sin19.5 =797

n alternative approach based on dra ing a vector triangle of forces in the final
situation provides a uick solution.

b ince there is no change in kinetic energy the net ork onitis ero.

¢ he ork done by gravity is 17, =F’g-c7=—mgh here h = L1 — cos 6 is the

vertical component of the displacement. ith L=12.0m e obtain W, = -1547 hich
should be rounded to three significant figures —1.55k .

d he tension vector is every here perpendicular to the direction of motion so its ork
is ero sincecos90 =0.

e he implication of the previous three parts is that the ork due to F is —W, so the
net orkturnsouttobe ero. hus Wr=-W,=155Kk .

f ince F does not have constant magnitude e cannote pect .7 8to apply.

58. a he force of the orker on the crate is constant so the ork it does is given by
W, = F-d=Fdcos¢ here F isthe force d is the displacement of the crate and ¢ is

the angle bet een the force and the displacement. ere F =210 d=3.0m and ¢=
20 . hus
Wp= 210 3.0m cos20 =590 .

b he force of gravity isdo n ard perpendicular to the displacement of the crate. he
angle bet een this force and the displacement is 90 and cos 90 =0 so the ork done
by the force of gravity is ero.

¢ he normal force of the floor on the crate is also perpendicular to the displacement so
the ork done by this force is also ero.

d hese are the only forces acting on the crate so the total ork done on it is 590 .
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59. he ork done by the applied force F“a is given by W =F, -5’:Fad\,us¢. rom the
figure e see that W =25 hen ¢=0and d=5.0 cm. his yields the magnitude of

F

a

=——  -50x10°
0.050 m

a

w25
d

a or $=64° ehave W=Fdcosg= 50x10° 0.050m cos64°=11 .

b or ¢=147° ehave W=Fdcosg= 50x10° 0.050 m cosl47°=-21 .

60. a nthe ork Kkinetic energy theorem e include both the ork due to an applied
force W, and ork done by gravity W, in order to find the latter uantity.

AK=W,+W, = 30 =100 1.8m cos180°+W,

leading to 7, =2.1x10?

b he value of W, obtained in part a still applies since the eight and the path of the
child remain the same so AK =W, = 2.1x10°

61. One approach is to assume a “path” from 7, to 7, and do the line integral accordingly.
nother approach is to simplyuse .7 36 hich e demonstrate

o] R R [ 2caer [ 3

ith  units understood. hus eobtain =12 —-18 =-6 .

62. a he compression of the spring is d = 0.12 m. he ork done by the force of
gravity acting on the block is by .7 12

W, =mgd= 025kg (9.8m s?) 0.12m =029 .

b he orkdonebythespringis by .7 26

sz—%kdzz—% 250 m 012m?*=-18 .

c he speed v; of the block ust before it hits the spring is found from the ork kinetic
energy theorem .7 15
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AK:O—lmvj-‘=Wl+W2
2

hich yields

Vi:\/—z W+W, _|-2029 -18 ..
m 0.25kg

d f einstead had v/ =7ms e reverse the above steps and solve for 4'. ecalling
the theorem used in part ¢ e have

1 1
O—Emvi'2 =W/+W, = mgd'—zkd'2

hich choosing the positive root leads to

g = mg ++/m’ g* +mkv!*

k

hich yields 4 = 0.23 m. n order to obtain this result e have used more digits in our
intermediate results than are sho n above so v,=+12.048 ms=3.471ms and v/ =
6.942ms.

63. THINK crate is being pushed up a frictionless inclined plane. he forces involved
are gravitational force on the crate normal force on the crate and the force applied by
the orker.

EXPRESS he ork done by a force F on an ob ect as it moves through a displacement
dis W=ﬁ-c7=quuS¢ here ¢is the angle bet een F and d.

ANALYZE a he applied force is parallel to the inclined plane. hus using .76
the ork done on the crate by the worker’s applied force is

W, =Fdcos0°= 209 1.50 m =314

b sing .712 efindthe orkdone by the gravitational force to be

/4

g

F,dcos 90°+25° =mgdcos115°

= 25.0kg 9.8ms* 1.50 m cos115°
-155

Q

¢ he angle bet een the normal force and the direction of motion remains 90 at all
times sothe orkitdoesis ero
W, =F,dcos90°=0.
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d hetotal ork done on the crate is the sum of all three orks

W=w,+W,+W, =314 + -155 +0 =158

LEARN 'y ork kinetic energy theorem if the crate is initially at rest K, =0 thenits
kinetic energy after having moved 1.50 m up the incline ould be K, =W =158 and
the speed of the crate at that instant is

v=2K, m=/2158  25.0kg =3.56m s.

64. a he force F of the incline is a combination of normal and friction force  hich is
serving to “cancel” the tendency of the box to fall downward (due to its 19.6 N weight).

hus F = mg up ard. n this part of the problem the angle ¢ bet een the belt and F
is80. rom .747 ehave

P=Fvcosg= 19.6 0.50ms cos80° =1.7

b o theanglebet eenthebeltand F is90 so thatP =0.

¢ nthis part the angle bet een the beltand F is 100 so that
P=196 050ms cos100 =-1.7

65. here is no acceleration so the lifting force is e ual to the eight of the ob ect. e
note that the person’s pull F ise ual in magnitude to the tension in the cord.

a s indicated in the Aint tension contributes t ice to the lifting of the canister 27 =
mg. ince ‘F" =T efind ‘F" =98

b o rise 0.020 m t o segments of the cord see ig. 7 47 must shorten by that
amount. hus the amount of string pulled do n at the left end this is the magnitude of
d thedo n ard displacement of the hand is = 0.040 m.

¢ ince attheleftend both F and 4 aredo n ard then .7 7 leads to

W=F.-d=98 0.040m =39 .

d ince the force of gravity Fg ith magnitude mg is opposite to the displacement
d =0020 m up of the canister .7 7 leads to
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W=F,d =-19 0020m =-39 .

his is consistent ith . 7 15 since there is no change in kinetic energy.

66. fter converting the speed v=120km h=33.33m s e find

K= %mvz = %(1200 kg)(33.33ms)” =6.67x10° .

67. THINK n this problem e have packages hung from the spring. he e tent of
stretching can be determined from Hooke’s law.

EXPRESS According to Hooke’s law, the spring force is given by
F =—k x—x, =—kAx

here Ax is the displacement from the e uilibrium position. hus the firstt o situations
in ig.7 48 can be ritten as
~110 =—k 40 mm—x,
—240 =-k 60 mm-—ux,

het oe uations allo us to solve for & the spring constant as ell as x, the rela ed
position hen no mass is hung.

ANALYZE a het oe uations can be added to give

240 -110 = k60 mm-40 mm
hich yields k=6.5 mm. ubstituting the result into the first e uation e find

110 =40 mm—L:ZB mm.

X, =40 mm - 65
: mm

b sing the results from part a to analy e that last picture e find the eight to be

W=k30mm-x, = 6.5 mm 30 mm-23 mm =45

LEARN n alternative method to calculate # in the third picture is to note that since the
amount of stretching is proportional to the eight hung e have %:%. pplying
X

this relation to the second and the third pictures the eight Wis
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W Ax, WZ:(C%O mm-23 mmj 240  —45
Ax, 60 mm-23 mm

in agreement ith the resultsho nin b .

68. sing .77 ehave W=Fdcos ¢=1504 . hen by the ork kinetic energy
theorem e find the kinetic energy K, = K; W =0 1504 . heans er is therefore

1.5k .

69. hetotal eightis 100 660 =6.60 x 10° and the words “raises ... at constant

speed” imply zero acceleration, so the lift force is e ual to the total eight. hus
P=Fv= 6.60x10" 150 m 60.0s =1.65 x 10°

70. ith  unitsunderstood .7 8leadsto W= 4.0 3.0 —¢c 2.0 =12 2c.

a fW=0 thenc=6.0

b fW=17 thenc=-25

c fw=-18 thenc=15

71. sing .78 efind

W=F-d= Fcos@ i+Fsind -xi+y =Fxcos@+Fysing

herex=20m y=-40m F=10 and #=150°. hus e obtain W =-37 .

that the given mass value 2.0 kg is not used in the computation.

72.a .710 along ith .71and .77 leadsto
V= Z%Fcose 12= cosg 12

here e have substituted F=2.0 m=4.0kg andd=1.0m.
b ithv,=1 those same steps leadtov,= 1 cos@ *°.
c eplacing ¢ ith180 — @ andstill usingv;=1 e find

vw=1 cos180 — 9 '?= 1-cos@ '2
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d he graphs are sho n on the right. ote 141
that as @ is increased in parts a and b the ,]
force provides less and less of a positive ]
acceleration  hereas in part c the force
provides less and less of a deceleration as its & ]
value increases .  he highest curve  hich 06]
slo ly decreases from 1.4 to 1 is the curve for 4]
part b the other decreasing curve starting at
1 and ending at O is for part a. he rising
curveis forpart ¢ itise ualtol here 0= "7 % & e w0
90 .

73. a heplot of the function ith  units understood is sho nbelo .

107

T T T T T T T T T r X
0 02 04 0.6 0.8 1 1.2 14 16 1.8 2

stimating the area under the curve allo s for arange of ans ers. stimates from 11 to
14 are typical.

b valuating the orkanalytically using .7 32 ehave

2
W= jozloe-x 20 =—20e " 2| =12.6 ~13 |

0
74. a sing .78and units efind
W=F-d=21-4" -8i+c =16-4c
hich ife ual ero impliesc=164=4m.
b fW O0then16 4c¢ hichimpliesc 4m.
c fw O0then16 4c hichimpliesc 4 m.

75. THINK o er must be supplied in order to lift the elevator ith load up ard at a
constant speed.
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EXPRESS or the elevator load system to move up ard at a constant speed ero
acceleration the applied force F must e actly balance the gravitational force on the
system i.e. F=F,= m,, +m,, g. hepo erre uired can then be calculated using

1748 P=Fv.

ANALYZE ith m

ey =4500kg  m,,, =1800kg and v=3.80m s e find the
po erto be

P=Fv= m,, +m,, gv= 4500kg+1800kg 9.8ms* 3.80ms =235k

LEARN he po erre uired is proportional to the speed at hich the system moves the
greater the speed the greater the po er that must be supplied.

76. a he component of the force of gravity e erted on the ice block of mass m along
the incline is mg sin @  here 6=sin"(0.91/15) gives the angle of inclination for the
inclined plane. ince the ice block slides do n ith uniform velocity the orker must
e ertaforce F “uphill” with a magnitude equal to mg sin 8. onse uently

F=mgsing= 45kg 9.8ms® | 92N |2 7,102
1.5m

(b) Since the “downhill” displacement is opposite to F the ork done by the orker is
W, =—(27x10° ) 1.5m =-40x10° .

c ince the displacement has a vertically do n ard component of magnitude 0.91 m in
the same direction as the force of gravity e find the ork done by gravity to be

W,= 45kg (98m s’) 0.91m =40x10” .

d ince F, is perpendicular to the direction of motion of the block and cos90° =
ork done by the normal forceis W3 =0by .7 7.

e heresultant force F_, is ero since there is no acceleration. hus its orkis ero as

can be checked by adding the above results W, +W, + W, =0.

77. a 0 estimate the area under the curve bet eenx =1 mand x =3 m hich should
yield the value for the work done), one can try “counting squares” (or half s uares or
thirds of s uares bet een the curve and the a is. stimates bet een 5 and 8 are
typical for this crude procedure.
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b uation 7 32 gives
a , 4 a_
152 dx = 3 1° 6
here  =—-9 m?is given in the problem statement.
78. a sing .732 the orkbecomes =3x* — i° units understood . he plot

issho n belo

0-|-'-1-'-'|'-'-|--"|"X
1 2 3 4

b e see from the graph that its peak value occurs at x = 3.00 m.  his can be verified

by taking the derivative of /# and setting e ual to ero or simply by noting that this is
here the force vanishes.

¢ hema imum value is Wz% 3.002- 3.00°% =1350 .

d e seefrom the graph or from our analytic e pression that =0 at x =4.50 m.

e hecaseisatrest hen v=0. ince W=AK=mv* 2 the condition implies W =0.
his happens at x = 4.50 m.

79. THINK bo sliding in the x directionisslo ed do nbyasteady ind inthe —x
direction. he problem involves graphical analysis.

EXPRESS ig. 7 51 represents x ¢ the position of the lunch bo as a function of time.
t is convenient to fit the curve to a concave do n ard parabola

xt =it 10—¢ =t—it2.
10 10

y taking one and t o derivatives e find the velocity and acceleration to be

2
v =21l inms a:d—fz—lz—o.z inms? .
dt 5 dt 5
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he e uations imply that the initial speed of the bo is v,=v 0 =1.0m s and the
constant force by the ind is

F=ma= 2.0kg —-0.2ms* =-0.40
he corresponding ork is given by  units understood
Wit =F-xt =-0.04r10-¢ .
he initial kinetic energy of the lunch bo is

K, :%mvf :% 2.0kg 1.0ms?*=1.0

1

ith AK =K, —K, =W the kinetic energy at a later time is given by in  units
Kt =K +W=1-0.04r 10—¢
ANALYZE a henr=1.0s the abovee pression gives
K1ls =1-0.041 10-1 =1-0.36=0.64~0.6

here the second significant figure is not to be taken too seriously.
b tr=5.0s the above method givesK 5.0s =1-0.045 10-5 =1-1=0.
c he orkdone by the force fromthe indfroms=10stosz=5.0sis

W=K50-K1.0s =0-0.6=-0.6

LEARN he result in ¢ can also be obtained by evaluating W ¢ =-0.04¢ 10—¢
directlyat r=5.0sand = 1.0 s and subtracting

wW5-w1l=-0.045 10-5 —[—0.041 10—1]=—1— -0.36 =-0.64~-0.6

ote that at r = 5.0 s K =0 the bo comes to a stop and then reverses its direction
subse uently ith x decreasing .

80. he problem indicates that  units are understood so the result of .7 23 isin
oules.  one numerically using features available on many modern calculators the
result is roughly 0.47 . or the interested student it might be orth hile to uote the
“exact” answer (in terms of the “error function”):
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1.2

L8 dv= \2n erf 632 5 —erf 3y2 20

81. a he ork done by the spring force is W, =1k x’ —xf. .Y energy conservation

hen the block is at x,= 0 the energy stored in the spring is completed converted to the
kinetic energy of the block W, =K =1mv?. olving forv e obtain

lic-xt =t o v=\/Exi= 20 ™M 6300 m)=335ms.
2 2 m"\ 4.00kg

b he orkdone by the spring is

W;:%kxf:% 500 m 0.300m =225

c heinstantaneous po er due to the spring can be ritten as

t the release point x; the po eris ero.
d imilarly atx=0 ealsohave P =0.

e he position here the po er is ma imum can be found by differentiating P ith
respect to x setting dP dx =0

@_kz x? —2x° 0
dx ’k x”—x°
m
hich gives x=2L :m =0.212 m.
2 2

82. (a) Applying Newton’s second law to the x directed uphill and y normal to the
inclined plane a es e obtain
F —mgsin@ =ma
F, —mgcos@ =0.

he second e uation allo s us to solve for the angle the inclined plane makes ith the
hori ontal

6 =cos™ LT cos™ 1341 — |=70.0°
mg 400kg 9.8ms
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rom the e uation forthe a is e find the acceleration of the block to be

a:E—gSinG: NV 98ms sin70.0°=3.29m s’

sing the kinematic e uation v* =1 +2ad the speed of the block hen d=3.00 m is

v=+l2ad =\[2329ms? 300m =444ms
83. a he ork done by the spring force ith spring constant £ =18 c¢cm=1800 m
is

W, =%k X} —x; =—%/o;§ =—% 1800 m 7.60x10°m *=-5.20x10"

b orx,=2x, the orkdone by the spring force is W/=—1kx/? =—%k 2x, * sothe
additional ork done is

AW =W'-W, =—%k 2x, 2_(_%1055)?%/“; =3 =3-5.20x102 =-0.156
84. a hedisplacement of the ob ect is
AF =F,—F = —4.10i+3.30 +5.40k — 2.70i—2.90 +5.50k = —6.80i+6.20 —0.10k
he orkdoneby F = 2.001+9.00 +5.30k is in units

W=F-AF= 2001+9.00 +5.30k - —6.80i+6.20 —0.10k =41.7
b he average po er due to the force during the time interval is

P _M1
At 2.10s

c he magnitudes of the position vectors are in  units

r=7F =+ 2702+ —2.90 2+ 550 2 =6.78
=7, =y 4102+ 3302+ 540 2 =7.54

and their dot product is
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£-F = 2.701-2.90 +550k - —4.10i +3.30 +5.40 k
= 270 —4.10 + —2.90 3.30 + 5.50 5.40 =9.06

sing 7 -, =rr, 0s@ the angle bet een 7 and 7, is

O=cos| 12 | = cost _ 906 —=79.8°
nr, 6.78 7.54

85. he orkdone by the forceis in  units
W=F-d= -5.00i+5.00 +4.00Kk - 2.00i+2.00 +7.00k =28

y energy conservation W =AK =1m vj —v? . hus the final speed of the particle is

vf:\/vi2+2—W: 4.00m82+228 =6.63ms.
‘ m 2.00 kg
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1. THINK  compressed spring stores potential energy. his e ercise e plores the
relationship bet een the energy stored and the spring constant.

EXPRESS he potential energy stored by the spring is given by U =kx* 2  here kis
the spring constant and x is the displacement of the end of the spring from its position
hen the spring is in e uilibrium. hus the spring constantis &k =2U x*.

ANALYZE ubstituting U=25 and x=7.5m=0.075cm into the above
e pression e find the spring constant to be

w225

> ——2:8.9><103 m.
X 0.075m

LEARN he spring constant £ has units m. he uantity provides a measure of
stiffness of the spring for a given x the greater the value of £ the greater the potential
energy U.

2. euse .712forWgand .8 9forU.

a he displacement bet een the initial point and 4 is hori ontal so ¢ = 90.0 and
W, =0 since cos 90.0 =0.

b he displacement bet een the initial point and B has a vertical component of 4 2

do n ard same direction as Fg SO e obtain

W =F -gzémgh:% 825kg 9.80 ms® 42.0m =1.70x10°

4 4

c he displacement bet een the initial point and C has a vertical component of #
do n ard same direction as F“g SO e obtain

-7 2 5
W,=F,-d=mgh= 825kg 9.80 ms* 42.0 m =3.40x10

d ith the reference position at C e obtain

U, =%mgh=% 825kg 9.80ms* 42.0m =1.70x10°

338
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e imilarly e find
U,=mgh= 825kg 9.80 ms* 42.0 m =3.40x10°

f 1l the ans ers are proportional to the mass of the ob ect. f the mass is doubled all
ans ers are doubled.

3. a oting that the vertical displacementis 100 m—-1.50 m=850mdo n ard same
directionas F, .7 12yields

2 o __
W,=mgdcosg= 2.00kg 9.80ms" 8.50 m cos0°=167 .

b neapproach hich is fairly trivial istouse .8 1 but e feel it is instructive to

instead calculate this as AU here U = mgy ith up ard understood to be the y
direction . he result is

AU=mg y,—y, = 200kg 9.80ms® 1.50 m—-10.0m =-167 .

C npart b eused the fact that U; = mgy; =196 .
d npart b ealsoused the fact U = mgy,=29 .

e he computation of W, does not use the ne information that U = 100 at the
ground so e again obtain W, = 167 .

f saresultof .81 emustagainfind AU=-W,=-167 .
g iththisne information that Uy =100 herey=0 e have
Ui=mgy; Uy=296 .
h  iththisne information that Uy =100 herey=0 e have
U=mgyr Up=129 .
e can check part f by subtracting the ne  U; from this result.
4. a heonly force that does ork on the ball is the force of gravity the force of the rod
is perpendicular to the path of the ball and so does no ork. n going from its initial

position to the lo est point on its path the ball moves vertically through a distance e ual
to the length L of the rod so the ork done by the force of gravity is

W =mglL= 0341kg 9.80ms® 0.452m =151
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b n going from its initial position to the highest point on its path the ball moves
vertically through a distance e ual to L but this time the displacement is up ard
opposite the direction of the force of gravity. he ork done by the force of gravity is

W =-mglL=—0.341kg 9.80ms* 0.452m =-1.51 .

c he final position of the ball is at the same height as its initial position. he
displacement is hori ontal perpendicular to the force of gravity. he force of gravity
does no ork during this displacement.

d he force of gravity is conservative. he change in the gravitational potential energy
of the ball arth system is the negative of the ork done by gravity

AU =-mgL =— 0.341kg 9.80 ms® 0.452m =-1.51

as the ball goes to the lo est point.

e ontinuing this line of reasoning e find
AU =+mgL = 0.341kg 9.80 ms® 0.452m =1.51
as it goes to the highest point.

f ontinuing this line of reasoning e have AU = 0 as it goes to the point at the same
height.

g he change in the gravitational potential energy depends only on the initial and final
positions of the ball not on its speed any here. he change in the potential energy is the
same since the initial and final positions are the same.

5. THINK s the ice flake slides do n the frictionless bo | its potential energy changes
due to the ork done by the gravitational force.

EXPRESS he force of gravity is constant so the ork it does is given by W=F-d

here Fis the force and d is the displacement. he force is vertically do n ard and
has magnitude mg  here m is the mass of the flake so this reduces to W =mgh here h
is the height from hich the flake falls. he force of gravity is conservative so the
change in gravitational potential energy of the flake arth system is the negative of the
ork done AU =-W.

ANALYZE a heice flake falls a distance 2=r=22.0cm=0.22 m. herefore the
ork done by gravity is

W=mgr= 200x10"° kg 9.8 m/S2 220x107°m =4.31x10"° .
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b he change in gravitational potential energy is AU = -W=—-4.31x10° .

c he potential energy hen the flake is at the top is greater than hen it is at the
bottom by AU. f U= 0 at the bottom then U= 4.31 x 10~ at the top.

d fU=O0atthetop then U=—4.31x 10 at the bottom.

e |l the ans ers are proportional to the mass of the flake. f the mass is doubled all
ans ers are doubled.

LEARN hile the potential energy depends on the reference point location here
U =0 the change in potential energy AU does not. n both ¢ and d e find
AU =-4.31x10"°

6. euse .712for Wyand .89 forU.

a he displacement bet een the initial point and Q has a vertical component of # — R
do n ard same direction as Fg so ithz=5R e obtain

W,=F,-d=4mgR=43.20x10" kg 9.80 ms® 0.12m =0.15

b he displacement bet een the initial point and the top of the loop has a vertical
component of z—2R do n ard same direction as ﬁ; so ithz2=5R e obtain

W, =F,-d=3mgR=3320x10" kg 9.80ms®> 0.12m =0.11 .
c ithy=h=5R atP efind
U =5mgR=53.20x10° kg 9.80ms®> 0.12m =0.19
d ithy=R atQ ehave
U=mgR= 3.20x10% kg 9.80ms®> 0.12m =0.038
e ithy=2R atthe top of the loop e find
U=2mgR=23.20x10° kg 9.80 ms* 0.12m =0.075

f hene information v, =0 is notinvolved in any of the preceding computations
the above results are unchanged.

7. he main challenge for students in this type of problem seems to be orking out the
trigonometry in order to obtain the height of the ball relative to the lo point of the
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s ing h=L—Lcos @ for angle 8 measured from vertical as sho nin 1ig.8 34. nce
this relation  hich e ill not derive here since e have found this to be most easily
illustrated at the blackboard is established then the principal results of this problem
follo from .712 forW, and .89 forU .

a he vertical component of the displacement vector isdo n ard ith magnitude # so
e obtain

w, :ﬁg -d = mgh =mgL 1—c0s 0
= 5.00kg 9.80ms® 2.00m 1-cos30° =13.1 .

b rom .81 ehaveAU=-W,=-mglL1l-cos6@ =-13.1 .
c ithy=h .89yieldsU=mglL 1—-cosf =131 .

d s the angle increases e intuitively see that the height % increases and less
obviously from the mathematics e see that cos @ decreases so that 1 — cos @ increases
so the ans ersto parts a and c increase and the absolute value of the ans er to part b
also increases.

8. a he force of gravity is constant so the ork it does is given by W=F-d here

F is the force and d is the displacement. he force is vertically do n ard and has
magnitude mg  here m is the mass of the sno ball. he e pression for the ork reduces
to W=mgh here histhe height through hich the sno ball drops. hus

W=mgh= 150kg 9.80ms* 125m =184

b he force of gravity is conservative so the change in the potential energy of the
sno ball arth system is the negative of the ork itdoes AU=-W=-184 .

¢ he potential energy hen it reaches the ground is less than the potential energy hen
itis fired by AU so U=-184  hen the sno ball hits the ground.

9. euse .8 17 representing the conservation of mechanical energy  hich neglects
friction and other dissipative effects .

a n roblem92 e found Uy; = mgh ith the reference position at C . eferring
againto ig.8 29 e see that this is the same as Uy  hich implies that K, = K, and thus
that

vy=vp=17.0ms.

b nthe solutionto roblem9 2 ealsofound U,=mgh/2. nthiscase e have
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K,+U, =K, +U,

1mvz+m h—imv2+m ﬁ
oMo g 5" g 5

hich leads to

v, =V +gh=417.0ms?+ 9.80ms> 420m =265ms.

c imilarly v.=\2+2gh=y/17.0ms?+29.80ms’> 42.0m =334ms.

(d) To find the “final” height, we set K,= 0. nthiscase e have
Ky+Uy=K,+U,

1
Emvg +mgh=0+mgh,

2 2
hich yields 4, =h+22 =42.0 m+-—0MS 567
2g 29.80ms

e tis evident that the above results do not depend on mass. hus a different mass for
the coaster must lead to the same results.

10. euse .8 17 representing the conservation of mechanical energy  hich neglects
friction and other dissipative effects .

a n the solution to roblem 9 3 to hich this problem refers e found U; = mgy; =
196 and Ur =mgy, =29.0 assuming the reference position is at the ground . ince
K;=0inthiscase e have

0+196 =K,+29.0

. 2K, 2 167
hich gives K, =167 andthusleadsto v= = > 00K =12.9ms.
m WU KQ

b f e proceed algebraically through the calculation in part a e find K,= - AU =
mgh here h = y;—ysand is positive valued. hus

m

as e might also have derived from the e uations of able 2 1 particularly .2 16 .
he fact that the ans er is independent of mass means that the ans er to part b is
identical to that of part a thatis v=129ms.
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c fK =0 then efind K,=mgh K; hereK;is necessarily positive valued . his

represents a larger value for Ky than in the previous parts and thus leads to a larger value
for v.

11. THINK s the ice flake slides do n the frictionless bo | its potential energy
decreases discussed in roblem 8 5. 'y conservation of mechanical energy its Kinetic
energy must increase.

EXPRESS f K; is the kinetic energy of the flake at the edge of the bo | Kis its kinetic
energy at the bottom U is the gravitational potential energy of the flake arth system
ith the flake at the top and Uy is the gravitational potential energy ith it at the bottom
then
Ky +U; =K, +U,;.

aking the potential energy to be ero at the bottom of the bo | then the potential energy
at the top is U; = mgr here r =0.220 m is the radius of the bo 1 and m is the mass of the
flake. K; = 0 since the flake starts from rest. ince the problem asks for the speed at the

bottom e rite Kfzmv2 2.

ANALYZE a nergy conservation leads to

1
K,+U,=K,+U, = Emv2+0=0+mgr.

he speedis v=,/2gr =2.08 ms.

b ince the e pression for speed is v=./2gr hich does not contain the mass of the
flake the speed ould be the same 2.08 m s regardless of the mass of the flake.

¢ he final kinetic energy is given by K, =K, +U,-U,. fK;Iis greater than before
then K, ill also be greater. his means the final speed of the flake is greater.

LEARN he mechanical energy conservation principle can also be e pressed as
AE_ .. =AK+AU=0 hich implies AK=—AU i.e. the increase in kinetic energy

mech

is e ual to the negative of the change in potential energy.
12. euse .8 18 representing the conservation of mechanical energy. e choose the
reference position for computing U to be at the ground belo the cliff it is also regarded

as the “final” position in our calculations.

a sing .89 the initial potential energy is given by U; = mgh here 4 = 12.5 m and
m=150Kkg. hus e have
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K +U, =K, +U,

1mvl.2 +mgh = 1mv2 +0
2 2

hich leads to the speed of the sno ball at the instant before striking the ground

V= \/E(%mvf +mghj =V’ + 2gh
m

here v; = 14.0 m s is the magnitude of its initial velocity not ust one component of it .
hus efindv=21.0ms.

b s noted above v; is the magnitude of its initial velocity and not ust one component
of it therefore there is no dependence on launch angle. he ans erisagain 21.0 ms.

c tis evident that the result for v in part a does not depend on mass. hus changing
the mass of the sno ball does not change the result for v.

13. THINK s the marble moves vertically up ard its gravitational potential energy
increases. his energy comes from the release of elastic potential energy stored in the

spring.

EXPRESS e take the reference point for gravitational potential energy to be at the
position of the marble hen the spring is compressed. he gravitational potential energy

hen the marble is at the top of its motion is U, =mgh. n the other had the energy
stored in the spring is U, =kx* 2. pplying mechanical energy conservation principle
allo s us to solve the problem.

ANALYZE a he height of the highest point is # = 20 m. ith initial gravitational
potential energy setto ero e find

AU, =mgh= 50x10°kg 9.8ms* 20m =0.98 .

b ince the Kinetic energy is ero at the release point and at the highest point then
conservation of mechanical energy implies AU, AU; =0 here AU; is the change in
the spring s elastic potential energy. herefore AU; =-AU,=-0.98 .

c e take the spring potential energy to be ero hen the spring is rela ed. hen our
result in the previous part implies that its initial potential energy is U; = 0.98 . his must

be 1kx* here kis the spring constant and x is the initial compression. onse uently

2U, 098
x> 0.080m ?

k= =3.1x10> m=3.1 cm.
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LEARN n general the marble has both kinetic and potential energies

1 1
Zkx*==mv+m
5 5 &y

2
tthe ma imum height y,. =k v=0 and mgh=kx* 2 or h= ko

2mg

14. euse .8 18 representing the conservation of mechanical energy  hich neglects
friction and other dissipative effects .

a he change in potential energy is AU = mgL as it goes to the highest point. hus e
have
AK+AU =0

K, —K,+mgL=0

top

hich upon re uiring Kwp =0 gives Ko = mgL and thus leads to

2K,

m

J2gL =\29.80ms’ 0452m =298ms.

Vo =

b ealsofoundin roblem 9 4 that the potential energy change is AU = —mgL in going
from the initial point to the lo est point the bottom . hus

AK+AU =0

K, -K,—mgL=0

bottom

hich ith Ko = mgL leads to Kyottom = 2mgL. herefore

Voottom — 2&)% = «g4gL = \/4 9.80m 32 0452 m =4.21ms.

c ince there is no change in height going from initial point to the rightmost point
then AU =0 hich implies AK = 0. onse uently the speed is the same as hat it as
initially

v v,=2.98ms.

right =

d tis evident from the above manipulations that the results do not depend on mass.
hus a different mass for the ball must lead to the same results.

15. THINK he truck ith failed brakes is moving up an escape ramp. n order for it to

come to a complete stop all of its kinetic energy must be converted into gravitational
potential energy.
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EXPRESS eignoreany ork done by friction. n  units the initial speed of the truck
ust before entering the escape ramp is v; = 130 1000 3600 = 36.1 ms. hen the truck
comes to a stop its Kinetic and potential energies are K, = 0 and Uy = mgh. e apply
mechanical energy conservation to solve the problem.

ANALYZE a nergy conservation implies K, +U,=K,+U,. ith U; = 0 and

2

K, = %mvl. e obtain

2 2
Lot 10=04mgh = n=2=30IMS" 5o
2 2g 298ms

f L is the minimum length of the ramp then Lsin&=#4 or L sin 15 = 66.5 m so that
L= 66.5m sin15°=257 m. hat is the ramp must be about 2.6x10* m long if

friction is negligible.

2
b he minimum length is L= _h = Vf_ hich does not depend on the mass of
sing@ 2gsiné

the truck. hus the ans er remains the same if the mass is reduced.

c fthe speed is decreased then /# and L both decrease note that / is proportional to the
s uare of the speed and that L is proportional to 7 .

LEARN he greater the speed of the truck the longer the ramp re uired. his length can
be shortened considerably if the friction bet een the tires and the ramp surface is
factored in.

16. e place the reference position for evaluating gravitational potential energy at the
rela ed position of the spring. e use x for the spring s compression measured positively
do n ard sox 0 means itiscompressed .

a ithx=0.190m .7 26 gives
w. :—%kxz =-722 =~-71.2

for the ork done by the spring force. sing e tons third la e see that the ork
done on the springis 7.2 .

b snoted above W,=-7.2 .

C nergy conservation leads to

K +U =K, +U, = 0+mgh :%kxz—mgx
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hich  ithm =0.70 kg yields A =0.86 m.

d ith ane value for the height 4 =2k =172 m e solve for a ne value of x
using the uadratic formula taking its positive root so thatx O .

_mg+ \/(mg)z + 2mgkh
- k

mgh :—mgx+%kx2 = X

hich yields x = 0.26 m.

17. a tQtheblock hich is in circular motion at that point e periences a centripetal
acceleration v’ R left ard. e find v* from energy conservation

K,+U,=K,+U,
0+ mgh = %mv2 +mgR
sing the fact that # = 5R e find »* = 8mgR. hus the hori ontal component of the
net force on the block at Q is
F=m/R=8mg=80.032kg 9.8ms’=25
he direction is to the left in the same directionas a .
b hedo n ard component of the net force on the block at O is the do n ard force of
gravity
F=mg=0.032kg 9.8ms?=0.31
c 0 barely make the top of the loop the centripetal force there must e ual the force of
gravity

2
my

Rt =mg = mv’ =mgR.

his re uires a different value of #than hat as used above.
K,+U,=K,+U,

0+mgh = %mvf +mgh,

mgh:% mgR +mg 2R

onse uently #=25R= 25 0.12m =0.30m.
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d he normal force Fy for speeds v, greater than ./gR hich are the only
possibilities for non ero Fy — see the solution in the previous part obeys

2
my

F, = Rt —-mg

from e tonssecondla . ince v’ is related to / by energy conservation

1
K,+U,=K, +U, :>gh=§vt2+2gR

then the normal force as a function for 2 so long as 2 > 2.5R — see the solution in the
previous part becomes

2mgh
F, = - Smg

hus the graph for # > 2.5R = 0.30 m consists of a straight line of positive slope 2mg R
hich can be set to some convenient values for graphing purposes . ote that for 7 <
2.5R the normal force is ero.

Fy

T T T T T T T h
0.1 0.2 0.3 04 0.5 06 07

18. ewuse .8 18 representing the conservation of mechanical energy. he reference

position for computing U is the lo est point of the s ing it is also regarded as the
“final” position in our calculations.

a he potential energy is U = mgL 1 —cos @ at the positionsho nin ig.8 34 hich
e consider to be the initial position . hus e have

K+U =K +U,

0+mgL 1—-cosé :%mv2 +0

hich leads to

Vz\/ngL 1-cos¢ =J2gL 1—cosé .

m
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luggingin L=2.00mand #=30.0 efindv=229ms.

b tis evident that the result for v does not depend on mass. hus a different mass for
the ball must not change the result.

19. e convert to  units and choose up ard as the y direction. Iso the rela ed
position of the top end of the spring is the origin so the initial compression of the spring
defining an e uilibrium situation bet een the spring force and the force of gravity is yo
=-0.100 m and the additional compression brings it to the position y; =-0.400 m.

a  henthe stone is in the e uilibrium a =0 position e tonssecondla becomes

F

net = Ma

F

spring

—k -0100 — 800 98 =0

-mg =0

here ookes la . 721 has been used. his leads to a spring constant e ual to
k=784 m.

b ith the additional compression and release the acceleration is no longer ero and
the stone ill start moving up ard turning some of its elastic potential energy stored in
the spring into Kinetic energy. he amount of elastic potential energy at the moment of
release is using .8 11

Uzékyf:% 784 m -0.400%=62.7

c ts ma imum height y, is beyond the point that the stone separates from the spring
entering free fall motion . s usual it is characteri ed by having momentarily ero
speed. f e choose the y; position as the reference position in computing the
gravitational potential energy then

K +U =K, +U,

0+%kyl2 =0+ mgh
here h = y, — y1 is the height above the release point. hus mgh the gravitational

potential energy is seen to be e ual to the previous ans er 62.7 and e proceed ith
the solution in the ne t part.

d efind ~=ky?/2mg=0.800 m or 80.0 cm.
20. a e take the reference point for gravitational energy to be at the lo est point of the
s ing. et @ be the angle measured from vertical. hen the height y of the pendulum

“bob” (the object at the end of the pendulum, which in this problem is the stone) is given
by L 1-cosé =y. ence the gravitational potential energy is
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mgy =mgL 1—cosé .

hen #=0 thestring atits lo estpoint e are told that its speed is 8.0 m s its kinetic
energy there is therefore 64 using .7 1. t&=60 its mechanical energy is

1
Emech: E mv2 mgL l—COS(g .

nergy conservation since there is no friction re uires that this be e ual to 64
olving for the speed e findv=5.0ms.

b eno setthe above e pression again e ual to 64 ith @being the unkno n but
ith ero speed  hich gives the condition for the maximum point, or “turning point”
that it reaches . his leads to &n, = 79°.

c sobserved in our solution to part a the total mechanical energy is 64 .

21. euse .8 18 representing the conservation of mechanical energy  hich neglects
friction and other dissipative effects . he reference position for computing U and height
h) is the lowest point of the swing; it is also regarded as the “final” position in our
calculations.

a areful e amination of the figure leads to the trigonometric relation 2 = L — L cos 6
hen the angle is measured from vertical as sho n. hus the gravitational potential
energy is U = mgL 1 — cos & at the position sho nin ig. 8 34 the initial position .
hus e have
Ky+Uy=K,+U,

1 1
Emvg +mgL (1-co0s6,) = Emv2 +0

hich leads to

v:\/£|:1mv§ +mgL 1—-cos 6, :l :\/vg +2gL 1-cos6,
m| 2

:\/ 800ms?+29.80ms? 1.25m 1-cos40° =8.35ms.

b e look for the initial speed re uired to barely reach the hori ontal position —
described by v, =0and =90 or 8=-90 if one prefers but since cos —¢ = cos ¢ the
sign of the angle is not a concern .

K,+U,=K,+U,
1
Emvé +mgL (1-c0s6,) =0+ mgL
hich yields

v, = /2gLc0s b, =JZ 9.80 ms* 1.25m cos40° =4.33ms.
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c or the cord to remain straight then the centripetal force at the top must be at least

e ual to gravitational force

2

my;

=mg = mv’ =mglL
r

here e recogni ethat »=L. e plug this into the e pression for the Kinetic energy at
thetop here =180
K,+U,=K, +U,

%mvé +mgL (1-cos,) = %mv,2 +mg(1—c0s180°)

1 1
Emvé +mgL (1-cosd,) =3 mgL +mg 2L
hich leads to

v, =\JeL 3+2cosf, = 9.80ms? 1.25m 3+2c0s40° =7.45ms.

d he more initial potential energy there is the less initial kinetic energy there needs to
be in order to reach the positions described in parts b and c . ncreasing & amounts to
increasing Uy so e see that a greater value of & leads to smaller results for vy in parts b
and c.

22. rom hapter 4 e kno the height % of the skiers ump can be found from
vi =0=V; ,—2gh here vy, = vp sin 28° is the upward component of the skier's “launch
velocity.” To find vp € use energy conservation.

a he skier starts at rest y = 20 m above the point of “launch” so energy conservation
leads to

mgy:%mv2 =v=.,2gy=20m/s

hich becomes the initial speed vo for the launch. ence the above e uation relating 4 to
vo yields
sin 28°)°
po 0S8 h
2g

b e see that all reference to mass cancels from the above computations so a ne
value for the mass ill yield the same result as before.

23. a s the string reaches its lo est point its original potential energy U = mgL
measured relative to the lo est point is converted into kinetic energy. hus
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mng%mvzjv:JZ L .

ithL=120m eobtain v=,2¢L=,/29.80ms* 1.20m =4.85ms.

b n this case the total mechanical energy is shared bet een kinetic imv} and

potential mgy,. e note that y, = 2r here »r = L — d = 0.450 m. nergy conservation
leads to

1
mgL = > mv; +mgy,

hich yields v, =\/2gL—2g(2r) =2.42 m/s..

24. e denote m as the mass of the block % = 0.40 m as the height from hich it dropped
measured from the rela ed position of the spring and x as the compression of the spring
measured do n ard so that it yields a positive value . ur reference point for the

gravitational potential energy is the initial position of the block. he block drops a total

distance # x and the final gravitational potential energy is -mg & x . he spring

potential energy is % ix” in the final situation and the kinetic energy is ero both at the
beginning and end. ince energy is conserved

K +U =K, +U,

O=-mg h+x +%kx2

hich is a second degree e uation inx. singthe uadratic formula its solution is

X

_mg + \/(mg)2 + 2mghk
f .

o0 mg=196 h=040m and £=1960 /m and e choose the positive root so
thatx O.

~ 19.6+,/19.6 +2(19.6)(0.40)(1960)
- 1960

X =0.10 m.

25. ince time does not directly enter into the energy formulations e return to hapter
4 or able21in hapter2 to find the change of height during this # = 6.0 s flight.

1
Ay =v, - > gt’

his leadsto Ay=-32 m. herefore AU =mgAy=-318 =~-3.2x107?
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26. a ithenergy in oules and length in meters e have

AU =U(x)-U(0) =~ (6x'~12)dk" .
herefore ith U 0 = 27 e obtain U x  ritten simply as U by integrating and
rearranging

U=27+12x—-3x>.

b ecan ma imi e the above function by orking through the dU dx =0 condition
or e can treat this as a force e uilibrium situation — hich is the approach e sho .

F=0= 6x, ~12=0

hus x., =2.0 m and the above e pression for the potential energy becomes U =39 .

c sing the wuadratic formula or using the polynomial solver on an appropriate
calculator e find the negative value of x for hich U=0to be x=-1.6 m.

d imilarly e find the positive value of x for hich U'=0to be x =5.6 m.

27. a o find out hether or not the vine breaks it is sufficient to e amine it at the
moment ar an s ings through the lo est point hich is hen the vine — if it didnt
break — ould have the greatest tension. hoosing up ard positive e ton's second

la leadsto
2

T'-mg=m—
r

here » = 18.0 m and m=W/g=688/98=702kg. e find the v* from energy
conservation here the reference position for the potential energy is at the lo est point .

mgh:%mv2 = Vv =2gh

here 2 =3.20 m. ombining these results e have

T= mg+m@ = mg(lJr%)
r r

hich yields 933 . hus the vine does not break.

b ounding to an appropriate number of significant figures e see the ma imum
tension is roughly 9.3 x 10
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28. rom the slope of the graph e find the spring constant

k:£:0.10 /em=10 /m.
Ax

a  uating the potential energy of the compressed spring to the kinetic energy of the
cork at the moment of release e have

1locz =1mv2 :>v:x\/E
2 2 m

hich yields v =2.8 m s for m = 0.0038 kg and x = 0.055 m.

b hene scenario involves some potential energy at the moment of release. ith d =
0.015 m energy conservation becomes

1lcxz :lmv2 Jrikd2 =v= k(xz —dz)
2 2 2 m

hich yieldsv=2.7m s,

29. THINK s the block slides do n the inclined plane it compresses the spring then
stops momentarily before sliding back up again.

EXPRESS e refer to its starting point as 4 the point here it first comes into contact

ith the spring as B and the point here the spring is compressed by x, =0.055m as
C see the figure belo . oint C is our reference point for computing gravitational
potential energy. lastic potential energy of the spring is ero hen the spring is
rela ed.

nformation given in the second sentence allo s us to compute the spring constant. rom
ookes la e find
F 270

x 0.02m

=1.35x10" /m.
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he distance bet een points 4 and B is /, and e note that the total sliding distance
l,+x, is related to the initial height s, of the block measured relative to C by

sin@ = & here the incline angle @is 30 .
Ly +x,

ANALYZE a echanical energy conservation leads to

K,+U,=K.+U. = O+mghA:%kx§
hich yields
_ kx;  1.35x10° m 0.055m?

h, = 5 =0.174 m.
2mg 2 12kg 9.8ms

herefore the total distance traveled by the block before coming to a stop is

fax=—ta OLTAM 247 m~0.35m.
sin30°  sin30°

b rom this result e find /,=x,=0.347 m—0.055m=0.292 m  hich means
that the block has descended a vertical distance

Ay =h,—hy,=1[sin@= 0.292 m sin30°=0.146 m

in sliding from point 4 to point B. hus using .8 18 e have

0+mghA=%mv§+mghB = %mvf;:mg Ay

hich yields v, =\f2g Ay =/29.8ms* 0.146m =1.69m s~1.7ms.

LEARN nergy is conserved in the process. he total energy of the block at position B is
E, =%mv§ +mgh, :% 12kg 1.69ms?+ 12kg 9.8ms* 0.028 m =20.4
hich is e ual to the elastic potential energy in the spring

%kxg :% 1.35x10* m 0.055m *=20.4
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30. e take the original height of the bo to be the y = 0 reference level and observe that
in general the height of the bo hen the bo has moved a distance 4 do nhill is
y=-dsin40°.

a sing the conservation of energy e have
1 5 1. 5
K +U, :K+U:>0+0:Emv +mgy+§kd .

herefore ithd=0.10m e obtainv=0.81ms.

b  elook foravalue of d # 0suchthat K =0.
I<,.+Ui:K+U:>O+0:O+mgy+%kd2.

hus e obtain mgd sin40° = 1 kd* and find d=0.21 m.

c he uphill force is caused by the spring  ookesla and has magnitude kd = 25.2
he do nhill force is the component of gravity mgsin40°=12.6 . hus the net force

onthebo is 252-12.6 =12.6 uphill ith

a=Fm=126 20kg =6.3ms’
d heacceleration is up the incline.
31. he reference point for the gravitational potential energy U, and height / is at the
block hen the spring is ma imally compressed. hen the block is moving to its highest
point it is first accelerated by the spring later it separates from the spring and finally
reaches a point here its speed v, is momentarily ero. he x a is is along the incline

pointing uphill so x, for the initial compression is negative valued its origin is at the
rela ed position of the spring. euse  units so k=1960 m and xo=-0.200 m.

a he elastic potential energy is % kx; =39.2

b ince initially U, = 0 the change in U, is the same as its final value mgh here m =
2.00 kg. hat this must e ual the result in part a is made clear in the steps sho n in the
ne tpart. hus AU,=U,=39.2 .

c he principle of mechanical energy conservation leads to

K,+Uy=K,+U,

O+%kx§ =0+mgh
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hich yields # = 2.00 m. he problem asks for the distance along the incline so e have
d=hsin30 =4.00 m.

32. he orkre uired is the change in the gravitational potential energy as a result of the
chain being pulled onto the table. ividing the hanging chain into a large number of
infinitesimal segments each of length dy e note that the mass of a segment is m L dy
and the change in potential energy of a segment hen it is a distance y belo the table
top is

dU= mLgy dy=—mL gydy

since y is negative valued e have yup ard and the origin is at the tabletop . he total
potential energy change is

__mg _lmg e
AU = Ll =5 L/4 * =mgL/32.
he ork re uired to pull the chain onto the table is therefore
W=AU=mgL32= 0.012kg 9.8ms? 0.28 m 32=0.0010 .
33. Il heights # are measured from the lo er end of the incline  hich is our reference
position for computing gravitational potential energy mgh . ur x a is is along the incline
ith  x being uphill so spring compression corresponds to x 0 and its origin being at

the rela ed end of the spring. he height that corresponds to the canister s initial position
ith spring compressed amount x = 0.200 m is given by 4 = D+x sin@  here

0=37°.

a nergy conservation leads to
. 1., 1 , .
K +U =K,+U, = 0+mg D+x S|n6’+§kx =§mv2+ngS|n0

hich yields using the datam =2.00 kgand k=170 m

v, =+2gxsinO+ kx?/m = 2.40m/s.
b nthis case energy conservation leads to

K +U =K,+U,

O+mg D+x Sin9+%kx2 :%mv§+0

hich yields v, =y2g D+x sin@+kx* m=4.19m's.
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34. etF, be the normal force of the ice on him and m is his mass. he netin ard force
is mg cos @— Fy and according to e tons second la this must be e ual to mv* R
here v is the speed of the boy. tthe point here the boy leaves the ice Fy =0 so g cos

@=1*R. e ishto find his speed. f the gravitational potential energy is taken to be
ero hen he is at the top of the ice mound then his potential energy at the time sho n is

U=-mgR 1-cos 6 .

e starts from rest and his kinetic energy at the time sho nisimv?. hus conservation
of energy gives
0=1m’ —mgR 1—cos@

orv*=2gR1-cos @ . e substitute this e pression into the e uation developed from
the second la to obtain g cos €= 2g 1 —cos @ . his gives cos =2 3. he height of
the boy above the bottom of the mound is

h:Rcosezngg 13.8 m =9.20 m.

35. a he final elastic potential energy is

U—lkxz—l 431 m 0.210m2=950 .

-2 "2
Itimately this must come from the original gravitational energy in the system mgy
(where we are measuring y from the lowest “elevation” reached by the block, so

y=d xsin30 .
hus
mgd xsin30 =9.50 = d=0.396m.

b he block is still accelerating due to the component of gravity along the incline
mgsin 30 for a fe  moments after coming into contact ith the spring  hich e erts
the Hooke’s law force kx), until the Hooke’s law force is strong enough to cause the
block to begin decelerating. his point is reached hen

kx = mgsin30

hich leads to x = 0.0364 m = 3.64 cm this is long before the block finally stops 36.0
cm before it stops .

36. he distance the marble travels is determined by its initial speed and the methods of

hapter 4 and the initial speed is determined using energy conservation by the original
compression of the spring. e denote / as the height of the table and x as the hori ontal

forum.konkur.in



www.konkur.in

360 CHAPTER 8

distance to the point here the marble lands. hen x = vy # and A=1gr* since the
vertical component of the marble's “launch velocity” is zero). From these we find
x=v,+2h/g. e note from this that the distance to the landing point is directly

proportional to the initial speed. e denote vy; be the initial speed of the first shot and D;
= 2.20-0.27 m = 1.93 m be the hori ontal distance to its landing point similarly vo; is
the initial speed of the second shot and D = 2.20 m is the hori ontal distance to its
landing spot. hen

Vo, D
= = Vo =7""Vu
D

Vou 1 1
hen the spring is compressed an amount ¢ the elastic potential energy is £ 4¢°. hen
the marble leaves the spring its kinetic energy is 1mv:. echanical energy is conserved

imvi =1k¢* and e see that the initial speed of the marble is directly proportional to

the original compression of the spring. f /1 is the compression for the first shot and /7,
is the compression for the second then v, =(¢,/¢,)v,,. elating this to the previous

result e obtain

. -D, :[2.20m
Dl

] 1.10cm =1.25cm.
1.93m

37. onsider a differential element of length dx at a distance x from one end the end that
remains stuck of the cord. s the cord turns vertical its change in potential energy is
given by

dU =— Adx gx

here A =m h is the mass unit length and the negative sign indicates that the potential

energy decreases. ntegrating over the entire length e obtain the total change in the
potential energy

AU:J.dUz—J.:ﬂgxdxz—%lghz =—%mgh.

ithm=15gand ~=25cm ehave AU=-0.018

38. n this problem the mechanical energy the sum of K and U remains constant as the
particle moves.

a ince mechanical energy is conserved U,+K,=U,6+K, the Kinetic energy of the
particle inregion 4 3.00 m<x<4.00m is

K,=U,-U,+K,=120 —-9.00 +4.00 =7.00

ith K, =mv> 2 the speed of the particle at x=3.5m ithin region 4 is
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v, :\/ZKA _ 2100 =8.37ms.
m 0.200 kg

b t x=65m U=0 and K=U,+K,=120 +4.00 =16.0 by mechanical
energy conservation. herefore the speed at this point is

m  \0.200 kg

c tthe turning point the speed of the particle is ero. et (8.0 m, 24.00 J)
the position of the right turning point be x,. rom the figure

sho nontheright efind x, tobe
(xR, 16.00 J)

16.00 -0 24.00 -16.00
x,—7.00m 8.00 m—ux,

= X, =7.67m.

(7.0m,01J)

d et the position of the left turning point bex,. rom the (1.0 1, 20.00J)

figuresho n efind x, tobe
(x7, 16.00 J)
16.00 —-20.00 9.00 -16.00
x, —1.00 m 3.00m—yx,
(3.0m, 9.00J)

39. rom the figure e see that at x = 4.5 m the potential energy is U; = 15 . f the
speed is v=7.0 m s then the kinetic energy is

Ki=m*2=090kg 7.0ms?2=22 .
he total energy is E1=U1 Ki= 15 22 =37 .

a tx=1.0m the potential energy is U, =35 . Yy energy conservation e have K,=
2.0 0. his means that the particle can reach there ith a corresponding speed

v, :\/ZK2 _ [220 =21ms.
m  \0.90 kg

b he force acting on the particle is related to the potential energy by the negative of the
slope
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p_ AU
} Ax
rom the figure e have F, = B o
2m-4m

c ince the magnitude . >0 the force points in the x direction.

d tx=7.0m the potential energy is Us;= 45 hich e ceeds the initial total energy
E;. hus the particle can never reach there. t the turning point the kinetic energy is
ero. et eenx=5and 6 m the potential energy is given by

Ux =15+30 x-5 5<x<6.
hus the turning point is found by solving 37=15+30 x—-5  hichyields x =5.7 m.

e tx=5.0m the force acting on the particle is

Fx:—AU:— 45-15 __130
Ax 6-5 m

he magnitude is £ =30
f hefactthat F. <Oindicated that the force points in the —x direction.

40. a he force at the e uilibrium position r = re is

o du 0 _124 68 _,
dr [r=r, re13 47

hich leads to the result

(2 (3]
B B

b his defines a minimum in the potential energy curve as can be verified either by a
graph or by taking another derivative and verifying that it is concave up ard at this
point  hich means that for values of » slightly smaller than ». the slope of the curve is
negative so the force is positive repulsive .

¢ nd for values of r slightly larger than », the slope of the curve must be positive so
the force is negative attractive .

41. a heenergyatx=50misE=K U=20 -57 =-3.7 .
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b plot of the potential energy curve units understood and the energy E the
hori ontal line issho nfor0<x<10m.

c he problem asks for a graphical determination of the turning points hich are the
points on the curve corresponding to the total energy computed in part a . he result for
the smallest turning point determined to be honest by more careful means isx=1.3m.

d nd the result for the largest turning point is x = 9.1 m.

e ince K=E— U thenma imi ing K involves finding the minimum of U.  graphical
determination suggests that this occurs at x =4.0 m  hich plugs into the e pression
E-U=-37- —4xe™* togive K=2.16 =~ 2.2 . lternatively one can measure
from the graph from the minimum of the U curve up to the level representing the total
energy £ and thereby obtain an estimate of K at that point.

f s mentioned in the previous part the minimum of the U curve occurs at x = 4.0 m.

g he force understood to be in ne tons follo s from the potential energy using
8 20 and ppendi if students are unfamiliar ith such derivatives .

4
dx

F =(4—)c)e’”4

h  his revisits the considerations of parts d and e since e are returning to the
minimum of U x — butno ith the advantage of having the analytic result of part g .
e see that the location that produces F =0 ise actly x =4.0 m.
42. ince the velocity is constant a =0 and the hori ontal component of the orkers
push F'cos & here #=32 muste ual the friction force magnitude f; = s Fy. 1so the
vertical forces must cancel implying

W,

applied

=80 0.70m =5.6

hich is solved to find F =71
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a he orkdoneon the block by the orkeris using .77

W=Fdcos@=(71 )(9.2m)cos32°=56x10" .
b incefi=u mg Fsing efind AE, =f,d= 60 9.2m =5.6x10" .

43. a sing .78 ehave W,

applied =

80 0.70m =56 .

b sing .8 31 the thermal energy generated iISAE,, = f,d= 5.0 0.70m =35 .

44. a he orkisW=Fd= 35.0 3.00m =105 .

b he total amount of energy that has gone to thermal forms is see . 8 31 and
62

AEw = tmgd = 0.600 4.00kg 9.80ms? 3.00m =706 .
f40.0 has gone to the block then 70.6 —40.0 =30.6 has gone to the floor.

C Much of the work (105 J) has been “wasted” due to the 70.6 J of thermal energy
generated but there still remains 105 —70.6 =34.4 that has gone into increasing the
kinetic energy of the block.  t has not gone into increasing the potential energy of the
block because the floor is presumed to be hori ontal.

45. THINK ork is done against friction hile pulling a block along the floor at a
constant speed.

EXPRESS lace the x a is along the path of the block and the y a is normal to the floor.
he free body diagram is sho n belo . he x and the y component of e tons second
la are
X Fcosd-f =0
y Fy Fsin@-mg=0

here m is the mass of the block F is the force e erted by the rope fis the magnitude of
the kinetic friction force and @is the angle bet een that force and the hori ontal.

F'sin@ .
e F
]
< 4 >
Fcos@
mg
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he ork done on the block by the force in the rope is W =Fdcos@. imilarly the
increase in thermal energy of the block floor system due to the frictional force is given by

829 AE, = fd.

ANALYZE a ubstituting the values given e find the ork done on the block by the

rope’s force to be
W =Fdcos@= 7.68 4.06m cosl15.0°=30.1 .

b heincrease in thermal energy is AE, = fd= 7.42 4.06m =30.1 .

c ecanuse e tonssecondla of motion to obtain the frictional and normal forces
then use g4 = f Fy to obtain the coefficient of friction. he x component of Newton’s law
gives

f=Fcos 8= 7.68 c0s15.0°=7.42

imilarly the y component yields
Fy=mg—Fsin 0= 357kg 9.8ms’> — 7.68 sin15.0°=33.0
hus the coefficient of kinetic friction is

=L= 7.42 =0.225.

F, 33.0

LEARN n this problem the block moves at a constant speed so that AK =0 i.e. no
change in kinetic energy. he ork done by the e ternal force is converted into thermal

energy of the system W =AE,,.

46. e ork this using nglish units ith g =32 ft s but for consistency e convert
the eight to pounds

mg= 9.0 0 11b =0.561b
160

hich implies m =0.018 Ib-s® ft  hich can be phrased as 0.018 slug as e plained in

ppendi . nd e convert the initial speed to feet per second
v = grgmi/h | 2280FUM) o0 s
3600 s/h

or a more “direct” conversion from Appendix D can be used. Equation 8 30 provides
AEn = —AEne for the energy “lost” in the sense of this problem. hus
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AL, :%m VEv: emg v, -y, =% 0.018 1207 ~110? +0=20 ft-Ib,

47. e use units so m = 0.075 kg.  uation 8 33 provides AEyn = —AEne for the
energy “lost” in the sense of this problem. Thus,

1
AEth :Em Viz_vjzf +mg yi_yf

:% 0.075kg 12ms?-105ms? + 0.075kg 9.8ms* 1.1m-21m

=0.53 .

48. euse .8 3ltoobtainAE, =fd=10 50m =50 and .7 8toget

W=Fd= 20 50m =10
imilarly .8 31 gives
W =AK +AU + AE,,
10=35+AU +50

hichyields AU=-75 . y .81 then the ork done by gravityis W=-AU=75 .

49. THINK s the bear slides do n the tree its gravitational potential energy is
converted into both kinetic energy and thermal energy.

EXPRESS e take the initial gravitational potential energy to be U; = mgL  here L is
the length of the tree and final gravitational potential energy at the bottom to be U, = 0.

0 solve this problem e note that the changes in the mechanical and thermal energies
must sum to ero.

ANALYZE a ubstituting the values given the change in gravitational potential energy
IS

AU=U,-U,=—mgL=—25kg 9.8m s’ 12m =-2.9x10°

b he final speed is v, =5.6m s. herefore the kinetic energy is

Klemvizl 25kg 56 ms*=3.9x10" .
27 2

c he change in thermal energy is AEw = fL  here f'is the magnitude of the average
frictional force therefore from AE, +AK+AU =0 e findfto be

_AK+AU _ 39x10° -2.9x10°
L 12m

f= =2.1x10°
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LEARN n this problem no e ternal ork is done to the bear. herefore

W = AE,, +AE

mech

—AE, +AK+AU =0

hich implies AK =-AU—-AE, =-AU-fL. hus AE, = fL can be interpreted as
the additional change decrease in kinetic energy due to frictional force.

50. uation 8 33 provides AEy = —AEne for the energy “lost” in the sense of this
problem. hus

1
AE, =2 m Vvi=vi +mg y, -y,

:% 60kg 24ms?-22ms? + 60kg 9.8ms® 14 m
=1.1x10* .

hat the angle of 25 is no here used in this calculation is indicative of the fact that
energy is a scalar uantity.

51. a he initial potential energy is
U, =mgy, = 520kg (9.8m/s’) 300 m =153x10°
here yisup ardandy =0 at the bottom so that U;=0 .

b ince fi = w Fy = e mg cos@ e haveAE, = f,d =y mgdcosg from . 8 31.

0 the hillside surface of length 4 = 500 m is treated as an hypotenuse of a 34 5
triangle so cos @=xd herex=400m. herefore

AEthz,ukmgdgz wmge= 025 520 98 400 =51x10°
c sing .831 ithw=0 -efind
K, =K, +U ~U,-AE, =0+ 1.53x10° -0- 5.1x10° =1.02x10°
d romK,=m?* 2 eobtainv=63ms.

52. a nappropriate picture once friction is included for this problem is igure 8 3 in
the te tbook. e apply .8 31 AEw = fid and relate initial kinetic energy K; to the
resting potential energy U,

1
Ki+U =fd+K.+U = 200 0=fd 0 ki
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here f;, = 10.0 and £k =400 m. e solve the e uation for d using the uadratic
formula or by using the polynomial solver on an appropriate calculator ith d=0.292 m
being the only positive root.

b eapply .8 31 again and relate U, to the second Kinetic energy K it has at the
unstretched position.

1
K +U=fd+K+U = 5Skd=fid K 0

sing the result from part a this yields K, =14.2 .

53. a he vertical forces acting on the block are the normal force up ard and the force
of gravity do n ard. ince the vertical component of the blocks acceleration is ero

e tonssecondla re uires Fy=mg here m is the mass of the block. hus f'= s Fy
= img. he increase in thermal energy is given by AEy, = fd = wemgD  here D is the
distance the block moves before coming to rest. sing .8 29 e have

AE,, =(0.25)(35kg)(9.8my/s’)(7.8m) =67 .

b he block has its ma imum Kinetic energy K, ust as it leaves the spring and enters
the region here friction acts. herefore the ma imum Kinetic energy e uals the thermal
energy generated in bringing the block back to rest 67 .

c he energy that appears as kinetic energy is originally in the form of potential energy

2

in the compressed spring. hus K, =U, = %kx here £ is the spring constant and x is

the compression. hus

= (Ko 267 ) e,
k 640 /m

54. a sing the force analysis sho n in hapter 6 e find the normal force
F, =mgcos@  here mg = 267 hich means

Ji = Fy =1 mg cos 0.
hus .8 31yields

AE,, = f,d = u,mgd cosd=(010)(267)(61)cos20°=15x10 .
b he potential energy change is

AU=mg -dsin @ = 267 —6.1m sin20 =-56x10° .
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he initial Kinetic energy is

K =1mv§ _Lp 267 | 0457ms? =28 .

2 2(9.8ms
herefore using .8 33 ith W =0 the final kinetic energy is
K, =K —AU-AE, =28-(-56x10")-15x10° =41x10° .
onse uently the final speed is v, = /2K, /m =55 m/s.
55. a ithx=0.075mand £=320 /m .7 26yields W, =-1k*=-090 . or

later reference this is e ual to the negative of AU.

b naly ing forces e find Fy=mg hichmeans f = F, =umg. ithd=x
8 31 yields

AE, = f,d=pumgx= 025 25 98 0075 =046 .
c uation8 33 ith W =0 indicates that the initial kinetic energy is

K, =AU +AE, =090+046 =136
hich leadsto v, =,/2K,/m =10 m/s.

56. nergy conservation ase pressedby .8 33 ith W =0 leadsto

AE, =K, —-K,+U,-U, = fka’=0—0+%kx2—0

- ,ukmgd=% 200 m 0.15m? = g 2.0kg 9.8ms’ 0.75m =2.25

hich yields £ = 0.15 as the coefficient of kinetic friction.

57. ince the valley is frictionless the only reason for the speed being less hen it
reaches the higher level is the gain in potential energy AU = mgh here h = 1.1 m.

liding along the rough surface of the higher level the block finally stops since its
remaining Kkinetic energy has turned to thermal energy AE, = f,d = pmgd here

#=0.60. hus .833 ith W=0 provides us ith an e uation to solve for the
distance d

K, = AU+ AE,, = mg (h+ ud)

here K, =mv’ 2 andv;=6.0ms. ividing by mass and rearranging e obtain
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V2 h

d=——-"=12m.
2ug  u

58. his can be orked entirely by the methods of hapters 2-6 but e ill use energy
methods in as many steps as possible.

a vy a force analysis of the style done in hapter 6 e find the normal force has
magnitude Fy = mg cos & here =40 hich means fy = wu F, = wmgcos 6 here

=015, hus .8 31yields
AEw = frd = ymgd cos 6.

Iso elementary trigonometry leads us to conclude that AU = mgd sin 6. .8 33 ith
W=0and K,=0 provides an e uation for determining d

K, =AU +AE,,

%mvf = mgd (Sin @+ u, coso)

here v, =14m/s. ividing by mass and rearranging e obtain

2
v

d= — =0.13m.
2g sin@+ y, coso

b o that ekno  hereon the incline it stops 4'=0.13 0.55 =0.68 m from the
bottom ecanuse .833again ith W =0 and no ith K; = 0 to describe the
final kinetic energy at the bottom

K, =-AU-AE,,

%mvz =mgd'(sin@ — 1, cosb)

hich — after dividing by the mass and rearranging — yields

v=y/2gd'(sin6— u, cosé) = 2.7mys.

C npart a itisclear that 4 increases if z4 decreases — both mathematically since it is
a positive term in the denominator and intuitively less friction — less energy “lost”). In
part b therearet otermsinthe e pression for v that imply that it should increase if 1

ere smaller the increased value of d'=dy d and that last factor sin 8— g4 cos 6, hich

indicates that less is being subtracted from sin & hen g is less so the factor itself
increases in value .
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59. a hema imum height reached is 4. he thermal energy generated by air resistance
as the stone rises to this height is AEy, = fh by .8 31. e use energy conservation in
the formof .833 ithW=0

Ky +Up +AEy =K +U,

and e take the potential energy to be ero at the thro ing point ground level . he
initial Kinetic energy is K, = %mvé the initial potential energy is U; = 0 the final kinetic
energy is K,=0 and the final potential energy is U,=wh  here w = mg is the eight of

the stone. hus wh+ fh = %mvg and e solve for the height
2 2
my, _ Vo

2wt/ 2g1+f w

umerically ehave ithm= 5.29 9.80 ms®> =0.54 kg

200ms?

= =194 m.
29.80ms* 1+0.265 5.29

b e notice that the force of the air is do n ard on the trip up and up ard on the trip
do n since it is opposite to the direction of motion. ver the entire trip the increase in

2

thermal energy is AEw = 2fh. he final kinetic energy is K, :%mv here v is the

speed of the stone ust before it hits the ground. he final potential energy is Uy=0. hus
using .831 ithw=0 efind

1 1

Emv2 +2fh :Emvg.

e substitute the e pression found for / to obtain

2
M =lmv2—£mv§
2¢1+f w2 2
hich leads to
2 2 .
V=17 — 2 /v =V — 2 fvy 2| 1- 2f :vgw S
mg l+ f w wl+f w w+ f w+ f

here w as substituted for mg and some algebraic manipulations ere carried out.
herefore
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vevy |M2L _ 0oms [22 0205 1945,
Wt f 529 +0.265

60. e look for the distance along the incline d hich is related to the height ascended
by Ah = dsin 6. 'y a force analysis of the style done in hapter 6 e find the normal
force has magnitude Fy = mg cosé, hich means f; = 1 mg cosé. hus .833 ithW
=0 leadsto
0=K,-K +AU+AEy
=0- K, +mgdsin 0+ p,mgd cosd
hich leads to
K 128

d= i = =4.3m.
mg(sin@+ u, cosd)  (4.0)(9.8)(sin30°+0.30c0s30°) "

61. efore the launch the mechanical energy is AE,

mech 0 —

0. tthe ma imum height /
here the speed of the beetle vanishes the mechanical energy is AE,

mech1 — mgh . he
change of the mechanical energy is related to the e ternal force by

AE

mech —

AE

mech 1~

AE =mgh=F,  dcos¢

mech 0 avg
here F.yq is the average magnitude of the e ternal force on the beetle.

a rom the above e uation e have

Fo_ meh _ 4.0x10° kg 9.80ms® 0.30m
¢ dcos¢ 7.7x10*m cos 0°

=1.5x107?

b ividing the above result by the mass of the beetle e obtain

F. h 0.30m
m  dcos¢ £7777x10°m cos0°

g=3.8x10%g.

62. e ill refer to the point here it first encounters the “rough region” as point C this
is the point at a height % above the reference level . rom .8 17 e find the speed it
has at point C to be

ve= \V42—2gh =/ 80%-298 20 =4980~50ms.
hus we see that its kinetic energy right at the beginning of its “rough slide” (heading
uphillto ards B is

1
S m4.980ms ?=12.4m

KC: 2
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(with ST units understood). Note that we “carry along” the mass (as if it were a known
uantity as e ill see it ill cancel out shortly. sing .837 and .62 ithFy
=mgcosd and y=dsingd enotethatifd L the block does not reach point B this

kinetic energy ill turn entirely into thermal and potential energy
K =mgy fid = 12.4m=mgdsin@ 1 mgdcoséo.

ith z4=0.40 and =30 e find d =149 m hich is greater than L given in the
problem as 0.75 m so our assumption that 4 L is incorrect. hat is its kinetic energy
as it reaches point B he calculation is similar to the above but ith d replaced by L
and the final v* term being the unkno n instead of assumed ero

1 .
2 mv* = Ke— mgLsing  ymglL cose .

his determines the speed ith hich it arrives at point B

Vv, = \/vé —2gL sin@+ 1, cos O
= 498ms?-29.80ms® 0.75m sin30°+0.4c0s30° =3.5ms.

63. e observe that the last line of the problem indicates that static friction is not to be
considered a factor in this problem. he friction force of magnitude f = 4400
mentioned in the problem is kinetic friction and as mentioned is constant and directed
up ard and the thermal energy change associated ithitis AEw=fd .8 31 hered
=3.7minpart a but ill bereplaced by x the spring compression inpart b .

a ith W = 0 and the reference level for computing U = mgy set at the top of the
rela ed spring .8 33 leadsto

U=K+AE,=v= Zd(g—ij

m

hich yields v=7.4m/s for m = 1800 kg.

b eagainutilie .833 ithW=0 no relating its kinetic energy at the moment
it makes contact ith the spring to the system energy at the bottom most point. sing the
same reference level for computing U = mgy as e did in part a e end up ith
gravitational potential energy e ual to mg —x at that bottom most point  here the spring

ith spring constant k£ =15x10> /m is fully compressed.

K= mg(—x)+%kx2 + fx
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here K = %mv2 =49x10* using the speed found in part a . sing the abbreviation &

=mg—f=13x10* the uadratic formula yields

+ |2
_ oENS H2kK vfkﬂkK _090m

X

here e have taken the positive root.

c e relate the energy at the bottom most point to that of the highest point of rebound
a distance d’ above the rela ed position of the spring. e assume d’ x. eno use
the bottom most point as the reference level for computing gravitational potential energy.

1, kx®
—kx"=mgd' + fd' =>d'=—=28m.
2 2(mg+d)

d henon conservative force 8 1 is friction and the energy term associated ith it is
the one that keeps track of the total distance traveled hereas the potential energy terms
coming as they do from conservative forces depend on positions — but not on the paths
that led to them . e assume the elevator comes to final rest at the e uilibrium position
of the spring ith the spring compressed an amount d, given by

mg=kd, =d, :%:O.Hm.

n this part e use that final rest point as the reference level for computing gravitational
potential energy so the original U = mgy becomes mg d.  d . n that final position then

the gravitational energy is ero and the spring energy is kd” 2. hus .8 33 becomes

otal

mg(d, +d):%kd§ + fd,

total

(1800)(98)(012+37) = %(15 x10°)(012)° +(4400)d,

hich yields dita = 15 m.

64. n the absence of friction e have a simple conversion as it moves along the
inclined ramps of energy bet een the kinetic form . 7 1 and the potential form

89 . long the hori ontal plateaus ho ever there is friction that causes some of the
kinetic energy to dissipate in accordance ith .8 31 along ith .62 here u =
0.50 and Fy = mg in this situation .  hus after it slides do n a vertical distance d it
has gained K =imv® =mgd some of hich AEw = g mgd is dissipated so that the
value of Kkinetic energy at the end of the first plateau ust before it starts descending
to ardsthe lo est plateau is
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K =mgd - umgd :%mgd .

n its descent to the lo est plateau it gains mgd/2 more Kinetic energy but as it slides

across it “loses” wmgd/2 of it.  herefore as it starts its climb up the right ramp it has
Kinetic energy e ual to

1 1 1 3
K=—megd+—=—mgd —— u,mgd =—mgd .
5 g > g Zﬂk g 4 g

etting thise ualto .8 9 tofind the heightto hichitclimbs eget H= d.  hus
the block momentarily stops on the inclined ramp at the right at a height of

H=0.75d=0.75 40cm =30cm
measured from the lo est plateau.

65. he initial and final kinetic energies are ero and e set up energy conservation in
the form of . 833 ith W =0 according to our assumptions. ertainly it can only
come to a permanent stop some here in the flat part but the uestion is hether this
occurs during its first pass through going right ard or its second pass through going
left ard or its third pass through going right ard again and so on. f it occurs during
its first pass through then the thermal energy generated is AEw = fid here d < L
and 7, = ,mg . fit occurs during its second pass through then the total thermal energy

ISAEw = memg L d here e again use the symbol d for ho far through the level area

it goes during that last pass so 0 < d <L . enerali ing to the »" pass through e see
that

AEw=1mg n—1L d.

nthis ay e have
mgh = ,ukmg((n—l)Ler)

hich simplifies hen /s =L 2 is inserted to

1=1+ —n.
L

2p,

he first t o terms give 1+1/24, =35 so that the re uirement 0<d/L <1 demands
that » =3. e arrive at the conclusion that d/L = % or

d:le1 40 cm =20 cm
2 2

and that this occurs on its third pass through the flat region.
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66. a uation8 9 gives U=mgh= 3.2kg 9.8ms* 3.0m =94 .
b he mechanical energy is conserved so K =94 .

c hespeed fromsolving .71 is

v=y2K m=\294 32kg =7.7ms.

67. THINK s the block is proected up the inclined plane its kinetic energy is
converted into gravitational potential energy and elastic potential energy of the spring.
he block compresses the spring stopping momentarily before sliding back do n again.

EXPRESS et 4 be the starting point and the reference point for computing gravitational
potential energy U, =0 . he block first comes into contact ith the spring at B. he

spring is compressed by an additional amount x at C assho nin the figure belo .

y energy conservation K,+U,=K,+U,=K.+U_.. otethat
— _ 1k 2
U=U,+U, —mgy+§ X

i.e. the total potential energy is the sum of gravitational potential energy and elastic
potential energy of the spring.

ANALYZE a ttheinstant hen x.=0.20 m the vertical height is
Vo= d+x. sin@= 0.60 m+0.20 m sin40°=0.514 m.

pplying energy conservation principle gives

K,+U,=K.+U. = 16 +O:Kc+mgyc+%kxé

from hich e obtain
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1
Ke=K,~meye kot

=16 - 1.0kg 9.8ms* 0.514 m —% 2000 m 0.20m*=6.96 ~7.0

b ttheinstant hen x. =0.40 m the vertical height is
Vo= d+x; sin@= 0.60 m+0.40 m sin40°=0.64 m.

pplying energy conservation principle e haveK', +U' =K/ +U. ince U’ =0 the
initial kinetic energy that gives K/ =0 is

’ ’ ! 1 ’
K =U. =mgyC+Eka2
= 1.0kg 9.8ms® 0.64m +% 2000 m 0.40m°?
=22

LEARN omparing the results found in a and b e see that more Kinetic energy is
re uired to move the block higher in the inclined plane to achieve a greater spring
compression.

68. a t the point of ma imum height here y = 140 m the vertical component of

velocity vanishes but the hori ontal component remains hat it as hen it as
launched if e neglect air friction . ts kinetic energy at that moment is

K= %(0.55 kg)V?.

Iso its potential energy ith the reference level chosen at the level of the cliff edge at
that moment is U = mgy =755 . hus by mechanical energy conservation

2(1550— 755)
055

K=K, ~U=1550-755=v, = =54ms.

b smentioned v, = v;, S0 that the initial Kinetic energy

1

K, :%m(vfx +vl.2y)

can be used to find v;,. e obtain v, =52 m/s.

c pplying .2 16 to the vertical direction ith yup ard e have
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vi=v: —2gAy = 65ms’=52ms’-29.8ms’ Ay
hich yields Ay=-76 m. he minus sign tells us it is belo its launch point.

69. THINK het o blocks are connected by a cord. s block B falls block 4 moves up
the incline.

EXPRESS f the larger mass block B mz=2.0 kg falls a vertical distance 4=0.25m
then the smaller mass blocks 4 m, = 1.0 kg must increase its height by % = dsin30°.
he change in gravitational potential energy is

AU =-mygd+m, gh.

y mechanical energy conservation AFE

ech =AK+AU =0 the change in Kkinetic
energy of the systemis AK =—-AU .

ANALYZE ince the initial kinetic energy is ero the final kinetic energy is

K, =AK=mygd—m,gh=mygd —m,gdsing
= my,—m,sin@ gd= 2.0kg— 1.0kg sin30° 9.8m s* 0.25m
=3.7

LEARN rom the above e pression e see that in the special case here
my,=m,sSin@ the t o block system ould remain stationary. n the other hand if

m,sin@>m, block 4 ill slide do n the incline ith block B moving vertically
up ard.

70. e use conservation of mechanical energy the mechanical energy must be the same
at the top of the s ing as itis initially. e tonssecond la is used to find the speed and
hence the kinetic energy at the top. here the tension force 7 of the string and the force
of gravity are bothdo n ard to ard the center of the circle. e notice that the radius of
the circleisr=L —d sothela canbe ritten

T+mg:mv2/(L—d)

here v is the speed and m is the mass of the ball.  hen the ball passes the highest point
ith the least possible speed the tension is ero. hen

2

V—d = v=1/g(L—d) :

mg=m
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e take the gravitational potential energy of the ball arth system to be ero hen the
ball is at the bottom of its s ing. hen the initial potential energy is mgL. he initial
kinetic energy is ero since the ball starts from rest. he final potential energy at the top

of the' s ing is 2mg L —d and the final kinetic energy is 1mv* = img(L—d) using the
above result for v. onservation of energy yields

mgL = 2mg(L—d)+%mg(L—d) = d=3L/5.

ithL=120m ehaved=0.601.20m =0.72m.

otice that if 4 is greater than this value so the highest point is lo er then the speed of
the ball is greater as it reaches that point and the ball passes the point. f d is less the ball
cannot go around. hus the value e found for disalo er limit.

71. THINK s the block slides do n the frictionless incline its gravitational potential
energy is converted to kinetic energy so the speed of the block increases.

EXPRESS vy energy conservation K,+U,=K,+U,. hus the change in kinetic
energy as the block moves from points 4 to B is

AK=K,-K,=—AU=-U,-U, .
n both circumstances e have the same potential energy change. hus AK, =AK,.
ANALYZE ith AK, =AK, the speed of the block at the second time is given by

1 1 1 1
2 2 2 2
mv,, ——mvﬂzamv/l2

2
or

Vg, = V2 — V2 4V, =/ 2.60m s ?— 2.00m s 2+ 4.00ms?=4.33ms.

LEARN he speed of the block at 4 is greater the second time v,,>v,,.  his can

happen if the block slides do n from a higher position ith greater initial gravitational
potential energy.

72. a e take the gravitational potential energy of the skier arth system to be ero
hen the skier is at the bottom of the peaks. he initial potential energy is U; = mgH
here m is the mass of the skier and A is the height of the higher peak. he final

potential energy is U, = mgh  here h is the height of the lo er peak. he skier initially

has a kinetic energy of K; = 0 and the final kinetic energy is K, = imv*  herevisthe
speed of the skier at the top of the lo er peak. he normal force of the slope on the skier
does no ork and friction is negligible so mechanical energy is conserved
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1
U+K =U,+K, = mgHzmgh+Emv2.

hus

v=«f2g H-h =\j2 9.8ms* 850 m—-750m =44 ms.

b e recall from analy ing ob ects sliding do n inclined planes that the normal force
of the slope on the skier is given by Fy = mg cos & here @is the angle of the slope from
the hori ontal 30 for each of the slopes sho n. he magnitude of the force of friction is
given by /= wu Fy = mg cos 6. he thermal energy generated by the force of friction is
fd = wymgd cos € here d is the total distance along the path. ince the skier gets to the
top of the lo er peak ith no kinetic energy the increase in thermal energy is e ual to
the decrease in potential energy. hatis gy mgdcos 6=mg H—h . onse uently

_H-h _ 850m-750m

= = =0.036.
dcos® 3.2x10° m cos30°

ya

73. THINK s the cube is pushed across the floor both the thermal energies of floor and
the cube increase because of friction.

EXPRESS y la of conservation of energy e have W=AE_, +AE, for the

floor cube system. ince the speed is constant AK =0 . 8 33 an application of the
energy conservation concept implies

W=AE

mec

+AE

th floor *

2 +AE, =AE, =AE,

th cube

ANALYZE ith W= 15 30m =45 and e aretold that AEw cupe = 20  then
e conclude that AEw fioor =25 .

LEARN he applied ork here has all been converted into thermal energies of the floor
and the cube. he amount of thermal energy transferred to a material depends on its
thermal properties as e shall discuss in hapter 18.

74. e take her original elevation to be the y = 0 reference level and observe that the top
of the hill must conse uently have y, =R 1-cos20 =12m here R is the radius of
the hill. he mass of the skieris m= 600 9.8m s’ =61kg.

a pplying energy conservation .8 17 e have

K,+U,=K,+U, =K, +0=K ,+mgy,.

sing K, = %(61kg)(8.0m/s)2 e obtain K, = 1.2 x 10° . hus e find the speed at
the hilltop is
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v - 2K, [21.2x10 _6.4ms.
m 61kg

ote  ne might ish to check that the skier stays in contact ith the hill — hich is

indeed the case here. orinstance at 4 e find v’ r~2ms? hich is considerably less
than g.

381

b ithK,=0 ehave
K,+U,=K,+U, =K, +0=0+mgy,

hich yields Kz = 724  and the corresponding speed is

m 61kg

c  pressed in terms of mass e have
K,+U,=K,+U, =

Emvf9 +mgy, = Emvi +mgy, .

hus the mass m cancels and e observe that solving for speed does not depend on the
value of mass or eight .

75. THINK his problem deals ith pendulum motion. he kinetic and potential
energies of the ball attached to the rod change ith position but the mechanical energy
remains conserved throughout the process.

EXPRESS et L be the length of the pendulum. he connection bet een angle &
measured from vertical and height # measured from the lo est point hich is our
choice of reference position in computing the gravitational potential energy mgh is given
byh=L1-cos@ .

mgceos g
mfgsine
mg
he free body diagram is sho n above. he initial height is at #; = 2L and at the lo est
point e have #; = 0. he total mechanical energy is conserved throughout.
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ANALYZE a nitially the ball isat s =2L ithK, =0 and U, =mgh =mg 2L . t

the lo est point 7, =0 e have K, =%mv22 and U, =0. sing energy conservation
in the form of .8 17 leads to
K+U=K,+U, = 0+2mgL:%mv22+O

hisleadsto v, =2,/gL. ithL=0.62m e have

v,=2/98ms* 062m =49ms.

b tthelo estpoint the ball is in circular motion ith the center of the circle above it
so a=v> r up ard herer=L. e tonssecondla leadsto

2
T—mg:mv—:>T:m(g+£L%L):5mg
r

ith m = 0.092 kg the tension is 7=4.5

¢ he pendulum is no started ith ero speed at 6 =90° thatis »; =L and e

look for an angle @such that 7=mg. hen the ball is moving through a point at angle &
as can be seen from the free body diagram sho nabove e tonssecond la applied to
the a is along the rod yields

2
my

=T -mgcosfd=mg 1-cosé
r

hich since » = L implies v = gL 1 —cos 6 at the position e are looking for. nergy
conservation leads to

K, +U,=K+U

1
0+mgL = Emv2 +mgL 1-cosé

ng% gL 1-cosé +glL 1-cosé

here e have divided by mass in the last step. implifying e obtain

6= cos‘l(lj =71°.
3
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d ince the angle found in c is independent of the mass the result remains the same if
the mass of the ball is changed.

LEARN tagivenangle & ith respect to the vertical the tension in the rod is

2
T:m[V—+gCOSt9j
r

he tangential acceleration a =gsin@ is hat causes the speed and therefore the
kinetic energy to change ith time. onetheless mechanical energy is conserved.

76. a he table sho s that the force is 3.0 i hile the displacement is in the x

direction & = 30mi anditis—3.0 i hile the displacement is in the —x
direction.  sing . 7 8 for each part of the trip and adding the results e find the

ork done is 18 . his is not a conservative force field if it had been then the net ork
done ould have been ero since it returned to here it started .

b his ho ever is a conservative force field as can be easily verified by calculating
that the net ork done here is ero.

c het o integrations that need to be performed are each of the form f 2x dx so that
e are adding t o e uivalent terms here each e uals x* evaluated at x = 4 minus its
valueatx=1. hus the orkdoneis2 4®>—1? =30 .

d his is another conservative force field as can be easily verified by calculating that
the net ork done here is ero.

e heforcesin b and d are conservative.

77. THINK his problem involves graphical analyses. rom the graph of potential
energy as a function of position the conservative force can de deduced.

EXPRESS he connection bet een the potential energy function U x and the
conservative force F x isgivenby .822 F x =—dU dx. positive slope of
U x atapoint meansthat F x isnegative and vice versa.

ANALYZE a heforceatx=2.0mis

s dU__AU_ Ux=4m-Ux=1m __-175 - 28 _,.
dx Ax 40m-1.0m 40m-1.0m '

b ince the slope of U x atx=2.0 mis negative the force points in the x direction

but there is some uncertainty in reading the graph hich makes the last digit not very
significant .
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c tx=2.0m e estimate the potential energy to be

Ux=20m =U x=10m+ -49 m10m =-7.7

hus the total mechanical energy is
1 ., 1 )
E:K+U:§mv +U:§ 20kg -1.5ms“+ -7.7 =-55

gain there is some uncertainty in reading the graph hich makes the last digit not very
significant. t that level —-5.5 on the graph e find t o points here the potential
energy curve has that value — at x ~ 1.5 m and x ~ 13.5 m. herefore the particle
remains in the region 1.5 x 13.5m. he left boundary is at x = 1.5 m.

d rom the above results the right boundary is at x = 13.5 m.

e tx=70m eread U~-175 . hus ifits total energy calculated in the previous
part is E~-5.5 then efind

%va:E—Uzlz :>V=1£E—U ~ 35 m/S
m

here there is certainly room for disagreement on that last digit for the reasons cited
above.

LEARN ince the total mechanical energy is negative the particle is bounded by the
potential ith its motion confined to the region 1.5 m x 13.5m. t the turning points
1.5mand 13.5m Kkinetic energy is ero and the particle is momentarily at rest.

78. a ince the speed of the crate of mass m increases from 0 to 1.20 m s relative to the
factory ground the kinetic energy supplied to it is

K:%mvz =% 300kg 120ms * =216

b he magnitude of the kinetic frictional force is
f =uF, =pumg= 0400 300kg 9.8ms’ =1.18x10°

c et the distance the crate moved relative to the conveyor belt before it stops slipping
bed. henfrom .216 v'=2ad=2f md e find
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hus the total energy that must be supplied by the motor is
W=K+AE, =2K= 2 216 =432

d he energy supplied by the motor is the ork W it does on the system and must be
greater than the kinetic energy gained by the crate computed in part b . his is due to the
fact that part of the energy supplied by the motor is being used to compensate for the
energy dissipated AEw, hile it as slipping.

79. THINK s the car slides do n the incline due to the presence of frictional force
some of its mechanical energy is converted into thermal energy.

EXPRESS he incline angle is #=5.0°. hus the change in height bet een the cars
highest and lo est points is Ay =—50m sin #=—4.4m. e take the lo est point the
cars final reported location to correspond to the y = O reference level. he change in
potential energy is given by AU =mgAy.

s for the kinetic energy e first convert the speeds to units v, =83 m/s and

v=111m/s. he change in kinetic energy is AK =%m vj —v? . he total change in

mechanical energy is AE,_., =AK+AU.

mech

ANALYZE a ubstituting the values given e find AE, to be

mech

AE

mech :AK+AU:%m v_/z,—vl.2 +mgAy
:% 1500kg [ 11.1m s>~ 8.3ms * |+ 1500kg 9.8m s* —4.4m
=-23940 ~-2.4x10*

hat is the mechanical energy decreases due to friction by 2.4 x 10* .

b sing .83land .833 efind AE, =f,d=-AE ithd=50m e

mech "
solve for f; and obtain
AE ~2.4x10*

— O mech _ =4.8x10°
Sy d 50 m

LEARN he amount of mechanical energy lost is proportional to the frictional force in
the absence of friction mechanical energy ould have been conserved.

80. e note that in one second the block slides 4 = 1.34 m up the incline  hich means
its height increase is 2 = dsin @ here
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f=tan™ (@) =37°.
40

e also note that the force of kinetic friction in this inclined plane problem is
S =m,mgcosd  here g =0.40 and m = 1400 kg. hus using .83land .8 33

e find
W =mgh+ f,d=mgd(sin@+ p, cosb)

or W=1.69 x 10* for this one second interval. hus the po er associated ith this is

P:1.69x104
1s

=1.69x10* ~1.7x10*

81. a he remark in the problem statement that the forces can be associated ith
potential energies is illustrated as follo s the ork fromx=3.00mtox=2.00mis

W=F,Ax=500 -1.00m =-5.00
so the potential energy at x =2.00 mis U, = 5.00 .
b o itisevident from the problem statement that £, = 14.0 so the kinetic energy
atx=2.00mis

K> =Ema —U;=14.0-5.00=9.00 .

¢ he orkfromx=200mtox=0is W=F;Ax=3.00 -2.00m =-6.00 sothe
potential energy at x =0 is

Up=6.00 U,=6.00 500 =110 .
d imilar reasoning to that presented in part a then gives

e he orkfromx=800mtox=11.0mis W=F;Ax=-400 3.00m =-120
so the potential energy at x = 11.0 mis Uy = 12.0 .

f he Kkinetic energy at x = 11.0 m is therefore

K]_]_ = Ema — U]_]_ = 14.0-12.0 =2.00 .
g o ehave W=F,Ax=-100 1.00 m =-1.00 so the potential energy at
x=12.0 mis

U=100 U;;= 100 120 =13.0 .

h  hus the kinetic energy at x =12.0 m is
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Klz = Ema — Ulz = 14.0-13.0 =1.00 .

i hereisno orkdone in this interval from x=12.0 mtox =13.0 m so the ans ers
are the same asinpart g U;»=13.0 .

here is no ork done in this interval from x =12.0 mto x = 13.0 m so the ans ers
are the same asinpart h K3, =1.00 .

k Although the plot is not shown here, it would look like a “potential well” with
piece ise sloping sides fromx =0tox =2 units understood the graph of U is a
decreasing line segment from 11 to 5 and fromx =2 to x = 3 itthen headsdo nto ero

here it stays until x =8 here it starts increasing to a value of 12 at x =11 and then
in another positive slope line segment it increases to a value of 13 at x = 12. or
x>12 its value does not change (this is the “top of the well”).

| The particle can be thought of as “falling” down the 0 < x 3 slopes of the ell
gaining Kinetic energy as it does so and certainly is able to reach x =5. ince U=0at x
= 5 then its initial potential energy 11  has completely converted to kinetic no
K=11.0

m  his is not sufficient to climb up and out of the ell on the large x side x 8 but
does allow it to reach a “height” of 11 at x =10.8 m. s discussed in section 8 5 thisis a
“turning point” of the motion.

n Next it “falls” back down and rises back up the small x slope until it comes back to its
original position. tating this more carefully  henitis momentarily stopped at x = 10.8

m it is accelerated to the left by the force 17“3 it gains enough speed as a result that it
eventually is able to returnto x =0  here it stops again.

82. a tx=5.00 m the potential energy is ero and the kinetic energy is

K=

N[

1
m/’= 7 200kg 345ms?®=119 .

he total energy therefore is great enough to reach the point x =0 here U = 11.0
with a little “left over” (11.9J —11.0 =0.9025 . hisis the kinetic energy at x =0
hich means the speed there is

v=1/209025 2kg =0.950ms.
thasno cometoastop therefore so it has not encountered a turning point.
b he total energy 11.9 is e ual to the potential energy in the scenario here it is

initially moving right ard at x = 10.9756 ~ 11.0 m.  his point may be found by
interpolation or simply by using the ork kinetic energy theorem
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Ki=K;+W=0 = 119025 -4d=0 = d=2.9756~2098

hich hen added to x =8.00 the point here F5 begins to act gives the correct result .
This provides a turning point for the particle’s motion.

83. THINK nergy is transferred from an e ternal agent to the block so that its speed
continues to increase.

EXPRESS ccording to . 825 the ork done by the e ternal force is
W=AE_. =AK+AU. hen there is no change in potential energy AU =0 the

mech

e pression simplifies to

W =AE,

1
nech =AK=Em vj%—v2 .

1

he average po er or average rate of ork done isgivenby B, =W At.

ANALYZE a ubstituting the values given the change in mechanical energy is

AammzAKzéwmﬁ—ﬁ :%15kg 30ms?®-10ms?® =6000 =6.0x10°
b rom the above e have W = 6.0 x 10° . Iso from hapter 2 e kno that

At=Av/a=10s. hus using .7 42 the average rate at hich energy is transferred to
the block is
3
> =K= 6.0x10 600
® At 10.0s

c and d he constant applied force is F = ma = 30 and clearly in the direction of
motion so .7 48 provides the results for instantaneous po er

300 for v=10 m/s

P=F.V=
{ 900  for v=30 m/s
LEARN he average of these t o values found in ¢ and d agrees ith the result in
part b . ote that the e pression for the instantaneous rate used above can be derived
from

aw d(l 2) L dv

P=—m=—|—-—mv .

dt dt\2
84. a o stretch the spring an e ternal force e ual in magnitude to the force of the
spring but opposite to its direction is applied. ince a spring stretched in the positive x
direction e erts a force in the negative x direction the applied force must be
F =528x+38.4x% inthe xdirection. he ork it does is
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1.00
W=j 52.8x + 38.4x2 dx=(%x2+£3'4x3j

0.50

100
=310 .

0.50

b he spring does 31.0 of ork and this must be the increase in the kinetic energy of
the particle. ts speed is then

2(3L
yo |2 JABL0 ) panis
m | 217kg

c he force is conservative since the ork it does as the particle goes from any point x;
to any other point x, depends only on x; and x, not on details of the motion bet een x;
and x».

85. THINK his problem deals ith the concept of hydroelectric generator — Kinetic
energy of ater can be converted into electrical energy.

EXPRESS vy energy conservation the change in kinetic energy of ater in one second
is

AK =—AU =mgh= pVgh= 10°kg m® 1200m® 9.8m s* 100m =1.176x10°
nly 3 4 of this amount is transferred to electrical energy.

ANALYZE he po er generation assumed constant so average po er is the same as
instantaneous po er is

3 4AK 34 1.176x10°
t 1.0s

P =8.82x10°8

avg

LEARN ydroelectricity is the most idely used rene able energy it accounts for
almost 20% of the world’s electricity supply.

86. a tBthespeedis from .8 17

v=\V2+2gh =/ 70ms?+298ms® 60m =13ms.

a ere hat matters is the difference in heights bet een 4 and C

v=\V2+2g l—h, = 70ms?+298ms’ 40m =11.29ms~1lms.

c sing the result from part b e see that its kinetic energy right at the beginning of
.1 :
its “rough slide” (heading horizontally toward D Is 5 m 1129 ms?=63.7m ith

units understood). Note that we “carry along” the mass (as if it were a known quantity);
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as e illsee it ill cancel out shortly. sing .831 and .62 ithFy=mg e
note that this kinetic energy ill turn entirely into thermal energy

63.7m = ymgd
ifd L. ith £4=0.70 e find d=9.3 m hich is indeed less than L given in the
problem as 12 m . e conclude that the block stops before passing out of the “rough”

region and thus does not arrive at point D .

87. THINK e have a ball attached to a rod that moves in a vertical circle. he total
mechanical energy of the system is conserved.

EXPRESS et position 4 be the reference point for potential energy U, =0. he total
mechanical energiesat 4 B and C are

E, :Emvj +U, =Emv§
E,==mv:+U, =1mv§ —mgL
2 2
E, =%mvf)+UD =mgL
here v, =0. he problem can be analy ed by applying energy conservation
E,=E,=E,.
ANALYZE a hecondition E,=E, gives
%mvé =mgL = v,=42gL
b o find the tension in the rod hen the ball passes through B e first calculate the
speedatB. sing E,=E, efind
%mvz —-mgL=mgL

or v, =44gL . he direction of the centripetal acceleration is up ard at that moment
as is the tension force. Thus, Newton’s second law gives

or T =5mg.

c he difference in height bet een C and D is L, so the “loss” of mechanical energy
hich goes into thermal energy is —mgL.
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d he difference in height bet een B and D is 2L, so the total “loss” of mechanical
energy hich all goes into thermal energy is —2mgL.

LEARN nalternative ay to calculate the energy loss in d is to note that

1
E, zzmv;f +U, =0-mgL =-mgL
hich gives
AE=E,—E, 6 =-mglL—mgL=-2mgL.

88. a he initial kinetic energy is K, =(15)(3)" =6.75

1

b he ork of gravity is the negative of its change in potential energy. t the highest
point all of K; has converted into U if e neglect air friction so e conclude the ork
of gravity is —6.75 .

c nd econcludethat AU =6.75

d he potential energy there is U, =U, + AU =6.75
e fU~=0then U =U,-AU=-675
f ince mgAy=AU eobtain Ay=0.459 m.

89. a y mechanical energy conversation the kinetic energy as it reaches the floor
hich e choose to be the U = 0 level is the sum of the initial kinetic and potential
energies

1
K=K +U=7 250kg 300ms?® 250kg 9.80ms’ 4.00m =109 .

or later use e note that the speed ith hich it reaches the ground is

y= \/2K/m =9.35ms.

b hen the drop in height is 2.00 m instead of 4.00 m the kinetic energy is

NI

K=35 250kg 3.00ms? 250kg 9.80ms? 2.00m =603 .

c simple ay to approach this is to imagine the can being launched from the ground
at 7=0 ith a speed 9.35 ms see above and calculate the height and speed at ¢ =
0.200s using .2 15and .211
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1
y=935ms 0200s — 5 9.80m s 0.200s2=1.67m

v=0.35ms— 9.80ms®> 0.200s =7.39ms.

I . 1
he Kkinetic energy is K = > 250kg 7.39ms?=682 .

d he gravitational potential energy is
U=mgy= 25kg 9.8ms* 1.67m =41.0

90. he free body diagram for the trunk is sho n belo . he x and y applications of
e tonssecondla providet oe uations

F1cos 0—fy,—mgsin @ =ma

Fy—F;sin 0—mgcos 8 =0.

a he trunk is moving up the incline at constant velocity so a=0. singf,= w Fy €
solve for the push force F; and obtain

_ mg(sin@+ 41, cosb)
cos@—u, sind

It

he ork done by the push force F, as the trunk is pushed through a distance ¢ up the
inclined plane is therefore

(mglwus8)(sin 6 + 1,c086)

cosé —p, Sind
(50 kg )(9.8 m/s?)(6.0 m)(cos30°)(sin30°+(0.20)cos 30°)
c0s30°—(0.20)sin 30°

VVl :Fifuuagz

=2.2x10° .

b heincrease in the gravitational potential energy of the trunk is
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AU =mg(sind= 50kg 9.8ms® 6.0msin30°=1.5x10° .

ince the speed and therefore the Kkinetic energy of the trunk is unchanged . 8 33
leads to
W, =AU + AE, .

hus using more precise numbers than are sho n above the increase in thermal energy
generated by the kinetic friction is 2.24 x 10° —1.47 x10®> =7.7x10° . nalternate
ay to this resultisto use AE, = f,¢ .831.

91. he initial height of the 2M block sho n in ig. 8 69 is the y = 0 level in our
computations of its value of U,. s that block drops the spring stretches accordingly.

Iso the Kinetic energy K, is evaluated for the system that is for a total moving mass
of 3M.

a heconservation of energy .8 17 leads to
1
Ki+U=Ky+Uy = 0 0=Ky+ 2Mg-0.090 5 k0.090°.
hus ithM=2.0kg eobtain Ky, =2.7 .

b he kinetic energy of the 2M block represents a fraction of the total kinetic energy

Ky, 2M Vv 2 2
K aMv? 2 3

sys

2
herefore Ky = 3 27 =18 .
c ere elety=-dandsolve ford.

1
Ki+U=Kg+ Uy = 0 0=0+ 2Mg—d 5 kd.

hus ithM=2.0Kkg e obtaind=0.39 m.

92. 'y energy conservation mgh=mv’ 2 the speed of the volcanic ash is given by
v=4/2gh. n our present problem the height is related to the distance on the 6 = 10
slope d =920 m by the trigonometric relation # = dsiné. hus

v=4/29.8ms? 920 m sin10°=56ms.

93. a he assumption is that the slope of the bottom of the slide is hori ontal like the
ground.  useful analogy is that of the pendulum of length R = 12 m that is pulled
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left ard to an angle @ corresponding to being at the top of the slide at height # =4.0 m
and released so that the pendulum s ings to the lo est point ero height gaining speed
v=62m/s. actlyas e ould analy e the trigonometric relations in the pendulum

problem e find

h=R(1-cosf)= O=cos™ (1—%) =48°
or 0.84 radians. he slide representing a circular arc of length s = R is therefore 12
m 0.84 =10 m long.

b o find the magnitude fof the frictional force euse .831 ithW=0

0=AK+AU+AE,,

=%mv2 —mgh+ fs

sothat ithm=25kg e obtainf=49

¢ he assumption is no longer that the slope of the bottom of the slide is hori ontal but

rather that the slope of the top of the slide is vertical and 12 m to the left of the center of
curvature . eturning to the pendulum analogy this corresponds to releasing the
pendulum from hori ontal at & = 90 measured from vertical and taking a snapshot of
its motion a fe moments later hen it is at angle & ith speed v = 6.2 ms. he
difference in height bet een these t o positions is ust as e ould figure for the
pendulum of length R

Ah = R(1-cos6,)— R(1-cosd,) =—Rcosb,

here e have used the fact that cos ¢ = 0. hus ith Ak =-4.0m e obtain & =
70.5  hich means the arc subtends an angle of A@ =19.5 or 0.34 radians. ultiplying
this by the radius gives a slide length of s"=4.1 m.
d e again find the magnitude /' of the frictional force by using .8 31 ith W =0
0=AK+AU+AE,,
:%mv2 —mgh+ f's’'

sothat e obtain /' = 1.2 x 10

94. e use P = Fvto compute the force

6
ot 92Xk10h — =55x10°
(325knot) (]_852 m j 1000 mykm
knot J{ 3600s/h
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95. his can be orked entirely by the methods of hapters 2-6 but e ill use energy
methods in as many steps as possible.

a Yy aforce analysis in the style of hapter 6 e find the normal force has magnitude
Fy=mgcos & here §=39 hich means f;, = 14 mg cos € here 1 = 0.28. hus
8 31 yields

AEw = fird = ymgd cos 6.

Iso elementary trigonometry leads us to conclude that AU = —mgd sin 6 here
d=37m. inceK;=0 .833 ith W=0 indicates that the final kinetic energy is

K, =-AU—-AE,, =mgd sin@— u, cos®
hich leads to the speed at the bottom of the ramp

2K,
=L = [2gd (sin@- p, cosd) =55 m/s.

m

b his speed begins its hori ontal motion here f; = w4 mg and AU = 0. t slides a
distance d' before it stops. ccordingto .831 ith W =0

0=AK+AU+AE,

:0—%mv2 +0+ py,mgd’

A

here e have divided by mass and substituted from part a in the last step. herefore

d(sin@— 1, cos)
Hy

d = 54m

c e see from the algebraic form of the results above that the ans ers do not depend

on mass. 90 kg crate should have the same speed at the bottom and sliding distance
across the floor to the e tent that the friction relations in hapter 6 are accurate.
nterestingly since g does not appear in the relation for &' the sliding distance ould
seem to be the same if the e periment ere performed on ars

2
my

NI
1
N =

96. a he loss of the initial K = 70kg 10ms?is3500 or3.5k .

b his is dissipated as thermal energy AEy =3500 =35k.
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97. .833gives mgy, =K, +mgy, —AE, or

1
0.50kg 9.8ms® 0.80m =5 050kg 4.00 s* 050kg 9.8ms® 0 — ALy

hich yields AEw =4.00 —3.92 =0.080 .

98. ince the period T'is 2.5revs '=040s then .433leadstov=3.14ms. he
frictional force has magnitude using .62

= Fy= 0320 180 =57.6

he po er dissipated by the friction must e ual that supplied by the motor so .7 48
givesP= 576 314ms =181

99. o0s im at constant velocity the s immer must push back against the ater itha
force of 110 . elative to him the ater is going at 0.22 m sto ard his rear in the same
direction as his force. sing .7 48 hispo er output is obtained

P=F-v=Fv=(110 )(022m/s)=24

100. he initial kinetic energy of the automobile of mass m moving at speed v; is

K = %mv? here m = 16400 9.8 = 1673 kg. sing .8 31and .8 33 this relates to

1

the effect of friction force f'in stopping the auto over a distance d by K, = fd  here the
road is assumed level so AU=0. ith

v, =(113 km h)=(113 km h) 1000 mkm 1h3600s =31.4ms

e obtain

m? (1673kg) 31.4ms ?
g K _m_(1673k9) ~100m.

f2f 2(8230 )

101. ith the potential energy reference level set at the point of thro ing e have ith
units understood

AE = mgh - % mvE = m((9.8) (81)- % (14)2j

hich yields AE =—-12 for m = 0.63 kg. This “loss” of mechanical energy is presumably
due to air friction.

102. a he internal energy the climber must convert to gravitational potential energy
is
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AU =mgh=(90kg)(9.80 m s*)(8850 m)=7.8x10° .

b he number of candy bars this corresponds to is

_7.8x10°
1.25x10° /bar

~6.2bars.

103. a he acceleration of the sprinter is using .2 15

e 2Ax _ (2)(7.0m)

2
pr (165 =547m/s".

onse uently the speed at 7= 1.6sis v=ar=(547m/s*)(16s)=88m/s. lternatively
. 2 17 could be used.

b he Kkinetic energy of the sprinter of eightwand massm=w g is

K:lmvzzi(ﬁjvzzi(mo 9.8ms’ )(8.8ms) =2.6x10° .
2 g 2

c heaverage po eris
_AK  2.6x10°
YA 1.6s

=1.6x10°

104. rom .86 efind ith units understood

U(é) = - f(—sx — 5¢%) dx = ggz + 253.

a sing the above formula eobtain U2 =19 .

b henits speed is v=4ms its mechanical energy is 1mv* + U(5). his muste ual
the energy at the origin

1mv2 +U(5) = 1mvg + U(0)
2 2
so that the speed at the origin is

v, = \/v2 +2(U(5)-U(0)).

m

hus ithU5 =246 UO =0andm=20kg eobtainv,=6.4ms.
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¢ uroriginal formula for U is changed to

U x :—8+§xz+§x3
2 3

in this case. herefore U2 =11 . ut e still have v, = 6.4 m s since that calculation
only depended on the difference of potential energy values specifically U5 -~ U0 .

105. a Resolving the gravitational force into components and applying Newton’s second
la as ellas .62 efind

Frachine — mg Sin@— 1y, mg c0SO = ma.
n the situation described in the problem e have a =0 so
Frmachine = mgsing  wymg cosd= 372
hus the ork done by the machine is Finachined = 744 = 7.4 x 10% .
b he thermal energy generated is 1 mgcosd) d =240 =2.4x 107 .

106. a t the highest point the velocity v = v, is purely hori ontal and is e ual to the
hori ontal component of the launch velocity see section 4 6 vo = v, COSO  here
6 =230°in this problem. uation 8 17 relates the kinetic energy at the highest point to
the launch kinetic energy

1

2 2 1
MVoy 5 MVoy

my =

N

1
Ky =mgy §

ith y = 1.83 m. ince the mve,” 2 term on the left hand side cancels the mv? 2 term on
the right hand side this yields vy, =\/2gy ~6ms. ith Vop=VoSING e obtain

v%=1198ms~12ms.
b nergy conservation including no the energy stored elastically in the spring

8 11 also applies to the motion along the mu le through a distance d that corresponds
to a vertical height increase of dsin@

1 .
5 kd*=K, mgdsing = d=011m.

107. he ork done by F is the negative of its potential energy change see .86
soUgp=U,—-25=15 .
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108. a e assume his mass is bet een m; =50 kg and m, = 70 kg corresponding to a
eight bet een 110 Ib and 154 Ib . is increase in gravitational potential energy is
therefore in the range

mgh<AU <m,gh = 2x10°<AU <3x10°

in  units here & = 443 m.
b he problem only asks for the amount of internal energy that converts into
gravitational potential energy so this result is the same as in part a. utif e ereto
consider his total internal energy “output” much of hich converts to heat e can
e pect that e ternal climb is uite different from taking the stairs.
109. a eimplement .8 37 as

K, =K, mgy—fid=0 60kg 9.8ms®> 40m —0=235x10° .
b o itapplies ithanon erothermal term

K=K, mgyi—fid=0 60kg 9.8ms® 40m — 500 4.0m =352 .

110. e take the bottom of the incline to be the y = 0 reference level. he incline angle is
6 =30°. he distance along the incline 4 measured from the bottom is related to height
v by the relation y = d sin 6.

a sing the conservation of energy e have

K,+U, =K,

top

+U

1
op = Emvg +0=0+mgy

ithv, =50m/s. hisyieldsy =13 m from hich e obtaind=2.6m.

b n analysis of forces in the manner of hapter 6 reveals that the magnitude of the
friction force is f; = wymg cos 6. 0 e rite .833as

K,+U, =K

top

+Utop +fkd

%mvé +0=0+mgy+ f,d

%mvé = mgd sin @+ u, mgd cosd

hich — upon canceling the mass and rearranging — provides the result for d
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2
Vo

d= -
2g(u, cosf+sing)

=15m.

c he thermal energy generated by friction is f;d = 14 mgd cos 8= 26 .

d he slide back do n from the height y = 1.5 sin 30 is also described by . 8 33.
ith AE, againe ualto26  ehave

K,

top

+U

top

1
=K, +U+/,d=> Oergy:EmvEOt +0+26

from hich efind v, =21m/s.

: . 68000
111. uation 8 8 leads directly to Ay = 9.4kg 9.8m s =738 m.

112. e assume his initial kinetic energy  hen he umps is negligible. hen his initial
gravitational potential energy measured relative to here he momentarily stops is hat
becomes the elastic potential energy of the stretched net neglecting air friction . hus

U.,=U,, =mgh

net — ~ grav
here 7=11.0m 15m=125m. ithm=70kg e obtain Uy =8580 .
113. ewuse unitssom =0.030 kgand d=0.12 m.

a ince there is no change in height and e assume no changes in elastic potential
energy then AU=0and e have

AE, =AK=—%mv§ =-3.8x10°

mech

here vo = 500 m s and the final speed is ero.
b y .833 ithW=0 ehaveAE,=3.8x10® hichimplies

f:%zalxlo“

using .8 31 ith f replaced by f effectively generali ing that e uation to include a
greater variety of dissipative forces than ust those obeying .6 2 .

114. a he kinetic energy K of the automobile of mass m at =30 s is
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2
K = L2 = L (as00kg)| (72 knyn)| LK _ 50,05
2" 72 3600/h

b he average po erre uired is

5
AK _30x10° o oo

A7 30s

¢ ince the acceleration a is constant the po eris P = Fv = mav = ma at = ma’t using

2
my

.211. y contrast from part b the average po eris P, = hich becomes

1 . - .
“ma®t hen v = aris again utili ed. hus the instantaneous po er at the end of the

interval is t ice the average po er during it

P=2P,, =(2)(10x10* )=20x10*

avg
115. a he initial kinetic energy is K, = 1.5kg 20ms? 2=300 .

b tthe point of ma imum height the vertical component of velocity vanishes but the
hori ontal component remains what it was when it was “shot” (if we neglect air friction).
ts kinetic energy at that moment is

K:% 1.5kg [ 20m's cos34°]" =206 .

hus AU=K,—K=300 —-206 =938 .

c ince AU=mgAy eobtain Ay= %4 —=6.38m.
15kg 9.8ms

116. a he rate of change of the gravitational potential energy is

2~ gL~ —mghl = ~(68)(98)(59) =-39x10" /s,

hus the gravitational energy is being reduced at the rate of 3.9 x 10*

b ince the velocity is constant the rate of change of the kinetic energy is ero. hus
the rate at hich the mechanical energy is being dissipated is the same as that of the

gravitational potential energy 3.9 x 10*
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117. a he effect of sliding friction is described in terms of energy dissipated as
sho nin .831. ehave

AE =K+ % k(0.08)" —%k(o.lo)2 =1, (0.02)

here distances are in meters and energies are in oules. ith £ = 4000 m and
/., =80 eobtain K=5.6 .

b nthiscase ehaved=0.10m. hus

AE =K+ 0—%k(0.10)2 = —71,(010)

hich leadsto K =12 .

C ecanapproachthist o ays. ne ayistoe amine the dependence of energy on
the variable d

AE :K+%k(d0 —d)’ —%kdg ——fd
here dp = 0.10 m and solving for K as a function of d

K:—%kd2+(kdo)d—fkd.

n this first approach e could ork through the dK d d =0 condition or ith the

special capabilities of a graphing calculator to obtain the ans er K, = i(ka’0 —fk)z.

n the second and perhaps easier approach e note that K is ma imum here v is
ma imum — hichis here a=0= e uilibrium of forces. hus the second approach
simply solves for the e uilibrium position

F;pring

= f, = kx=80.

hus ithk=4000 m eobtainx=0.02m. utx=d,—dso this corresponds to d =
0.08 m. hen the methods of part a lead totheans er Kma =128 ~13 .

118. e orkthisin units and convert to horsepo er in the last step. hus

1000 m/km

v=(80 km/h)( 36005 ): 22.2my/s.

he force F' needed to propel the car of eight w and mass m = w g is found from
Newton’s second law:
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here =300 1.8v%in units. herefore the po erre uired is

P=F, 7= (F+M]v - [300+1.8(22.2)2 +WJ (22.2) =5.14x10*
g
- (5.14x10" ) (ﬂj — 69 hp.
746

119. THINK e apply energy method to analy e the pro ectile motion of a ball.

EXPRESS e choose the initial position at the indo to be our reference point for
calculating the potential energy. he initial energy of the ball is E, =%mv§. t the top

of its flight the vertical component of the velocity is ero and the hori ontal component
neglecting air friction is the same asit as henit asthro n v _=vy,cosd. ta

position # belo the indo the energy of the ball is

E:K+U:%mv2—mgh

here v is the speed of the ball.
ANALYZE a he kinetic energy of the ball at the top of the flight is

K, =1mvf - v,€0s8 * ~1 0.050 kg 8.0ms cos30°%=1.2
2 2 2

b hentheballis~=3.0mbelo the indo by energy conservation e have

%mvg = %mv2 —mgh

or

v=\V2+2gh=80ms?+29.8ms* 3.0m =11.1ms.

c s can be seen from our e pression above v:afvg +2gh  hich is independent of
the mass m.

d imilarly the speed v is independent of the initial angle 6.
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LEARN ur results demonstrate that the uantity v in the kinetic energy formula is the
magnitude of the velocity vector it does not depend on direction. n addition mass
cancels out in the energy conservation e uation so that v is independent of m.

120. a nthe initial situation the elongation as using .8 11

X = \/2 1.44 3200 =0.030m or3.0cm .

n the ne t situation the elongation is only 2.0 cm or 0.020 m so e no have less
stored energy relative to hat e had initially . pecifically

1
AU = 2 3200 m 0.020m?*-1.44 =-0.80 .

b he elastic stored energy for x| = 0.020 m does not depend on hether this represents
a stretch or a compression. he ans eris the sameasinpart a AU=-0.80 .

c o0 ehave x| =0.040 m hich is greater than x; so this represents an increase in
the potential energy relativeto hat e had initially . pecifically

1
AU=75 3200 m 0.040m?-144 = 112 =~1.1 .

121. a ithP=15 =1.5x10° assumed constant and # = 6.0 min =360 s the
ork kinetic energy theorem becomes

1

1
W=Pt=AK = Em(vj —?).
he mass of the locomotive is then
2Pt (2)(15x10° )(360s)

vi=vi (25m/s)’ —(10m/s)’

b ith ¢ arbitrary e use Ptzém(vz—vf) to solve for the speed v = v¢ as a

function of time and obtain

2)(15x10°)¢
W(t)= V2 AL \/(10)2 +M =100 +15¢
m 21x10

in units vinmsandzins.

¢ heforce F ¢ as a function of time is
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P 15x10°

Fle)= v(t) 100+ 15¢

in units Fin andzins.

d he distance d the train moved is given by

360

, 260 3 12 4 3 32
d:j v dz’:j 100+>¢| dr=2|100+>¢ —6.7x10° m.
0 0 2 9 2

122. THINK shuffleboard disk is accelerated over some distance by an e ternal force
but it eventually comes to rest due to the frictional force.

EXPRESS n the presence of frictional force the ork done on a system is
W=AE_ ... +AE, here AE_ ., =AK+AU and AE, = fd. noursituation ork

mech

has been done by the cue only to the first 2.0 m and not to the subse uent 12 m of
distance traveled.

ANALYZE a uringthe final =12 m of motion W =0 and e use
K +U =K,+U, + f,d

%mv2+0=0+0+fkd

here m=0.42kgand v = 42 ms. his gives f; = 0.31 . herefore the thermal
energy change is AE, = f,d=3.7 .

b sing £ =0.31 for the entire distance dio = 14 m e obtain

AEy o = 3o = 031 14 m =4.3

for the thermal energy generated by friction.
c uring the initial '=2 m of motion e have
W=AE,,, +AE], :AK+AU+fkd’:%mv2 +0+ f,d’
hich essentially combines .8 31and .8 33. hus the ork done on the disk by

the cue is

W:%mv2+fkd':% 0.42kg 4.2ms?+0.31 2.0m =4.3
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LEARN urans erin c is the same as that in b . hisis e pected because all the
ork done becomes thermal energy at the end.

123. he ater has gained

10 kg 13m32—% 10kg 3.2ms?=794

NI

AK =

of kinetic energy and it has lost AU= 10kg 9.8 ms? 15m = 1470

of potential energy the lack of agreement bet een these t o values is presumably due to
transfer of energy into thermal forms .  he ratio of these values is 0.54 =54 . he
mass of the ater cancels hen e take the ratio so that the assumption stated at the end
of the problem m =10 kg is not needed for the final result.

124. a heintegral see .86 here the value of U at x =« is re uired to vanish is
straightfor ard. heresultis Ux =-Gmm x.

b neapproachistouse .85 hich meansthat e are effectively doing the integral
of part a all over again.  nother approach is to use our result from part a and thus
use .81. ither ay earriveat

W= Gm1m2 Gmlmz_Gmlmgd
- X1 B X1+d B X1 X1 d

125. a uring one second the decrease in potential energy is
~AU =mg —Ay = 55x10° kg (9.8m/s’) 50m =2.7x10°

here yisup ardand Ay = y,—y;

b he information relating mass to volume is not needed in the computation. vy
8 40 andthe relation = s theresultfollo s

P=27x10° 1s =27x10°

C neyearise uivalent to 24 x 365.25 =8766 h hich e rite as 8.77 kh. hus the
energy supply rate multiplied by the cost and by the time is

27%x10°  8.77kh (llkc—e”;] =24x10%cents = 2.4 x 10°

126. he connection bet een angle & measured from vertical and height # measured
from the lo est point  hich is our choice of reference position in computing the

forum.konkur.in



www.konkur.in

407

gravitational potential energy is givenby 2 =L 1—-cos & here L is the length of the
pendulum.

a e use energy conservation in the formof .8 17.
K +U, =K, +U,

0+mgL(1-cosé,) = %mvz2 +mgL(1-cos6,)

ithZL=14m =30 and & =20 e have

v, = \/ZgL(cosez —cosd,) =14 m/s.

b he ma imum speed v is at the lo est point. ur formula for / gives 7.3 =0 hen &
=0 ase pected. rom
K +U =K,+U,

1
0+mgL(1-cosé,)= Emvs2 +0
e obtainv, =19 m/s.
c e look for an angle 6, such that the speed there is v, =v,/3. o0 be as accurate as

possible e proceed algebraically substituting v3 =2gL(1—cos#,) at the appropriate
place and plug numbers in at the end. nergy conservation leads to

K +U =K,+U,

0+mgL(1—cosd,) = %mvf +mgL(1-cosd,)

2

mgL(1-cos6,) = %m%’ +mgL(1-cosb,)

2gl(1—cosé
_chosel — %%

—gLcoso,
here in the last step e have subtracted out mgL and then divided by m. hus e obtain

0, =cos™ (%+gcoselj =28.2°~28°.

127.  uating the mechanical energy at his initial position as he emerges from the canon
here e set the reference level for computing potential energy to his energy as he lands
e obtain
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K=K, +U,

%(60 kg)(16m/s)” = K, +(60kg)(9.8m/s?*)(39m)

hich leads to K= 5.4 x 10° .

128. a his part is essentially a free fall problem hich can be easily done ith
hapter 2 methods. nstead choosing energy methods e take y = 0 to be the ground
level.

K +U, =K+U = 0+mgy, =%mv2+0

herefore v=,/2gy, =92m/s herey;=4.3m.

b .8 29 provides AE, = f;d for thermal energy generated by the Kinetic friction force.
eapply .831

1
K +U,=K+U = 0+mgy, =§mv2+0+fkd.

ithd=y; m=70kgand f; =500 thisyieldsv=4.8ms.

129. e antto convert at least in theory the ater that falls through # = 500 m into

electrical energy. he problem indicates that in one year a volume of ater e ual to 4Az

lands in the form of rain on the country here 4 = 8 x 10" m” and Az = 0.75 m.
ultiplying this volume by the density p = 1000 kg m? leads to

My = PAAz =(1000)(8x10")(0.75) = 6 x 10"°kg

for the mass of rain ater. ne third of this “falls” to the ocean, so it is m = 2 x 10" kg
that e ant to use in computing the gravitational potential energy mgh  hich ill turn
into electrical energy during the year . ince a year ise uivalentto 3.2 x 10’ s e obtain

2x10%)(9.8)(500
avg:( )( 7)( )=3.1><1011
32x10
130. he spring is rela ed at y = 0 so the elastic potential energy . 811 is

U, =+k”. he total energy is conserved and is ero determined by evaluating it at its
initial position . e note that U is the same as AU in these manipulations. hus e have

0=K+U,+U, = K=-U,-U,
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here U, = mgy = 20 y ith y in meters so that the energies are in oules. e
arrange the results in a table

position y -0.05 -0.10 -0.15 -0.20
K a 0.75 d 1.0 g 0.75 0
U, b -10 | e -20 h -30 | k 4.0
U. c 025 | f10 i 2.25 | 4.0

131. et the amount of stretch of the spring be x. or the ob ect to be in e uilibrium
kx—mg=0=x=mg/k.

hus the gain in elastic potential energy for the spring is

2 2 2
AUezlkxz:lk(@j _mg"
2 2 k 2k

hile the loss in the gravitational potential energy of the system is

mPg?
k

— — mg | _
—AU, =mgx = mg(Tj =

hich e see by comparing ith the previous e pression is e ual to 2AU,. he reason
hy ‘AUg‘ # AU, is that since the ob ectis slo ly lo ered an up ard e ternal force

e.g. due to the hand must have been e erted on the ob ect during the lo ering process
preventing it from accelerating do n ard. his force does negative ork on the ob ect
reducing the total mechanical energy of the system.

132. (a) The compression is “spring like” so the maximum force relates to the distance x
by ookesla
750

F =kx=x= 3
25x10

=0.0030m.

(b) The work is what produces the “spring like” potential energy associated with the
compression. hus using .8 11

1,, 1

W= kaz =5 2.5x10° 0.00302=1.1.
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c Yy e tonsthirdla the force F e erted by the tooth is e ual and opposite to the
“spring like” force exerted by the licorice, so the graph of F is a straight line of slope k.
eplot £ inne tons versusx in millimeters both are taken as positive.

F

500

1 | l
1 2 3

d s mentioned in part b the spring potential energy e pression is relevant. o
hether or not e can ignore dissipative processes is a deeper uestion. n other ords it
seems unlikely that — if the tooth at any moment ere to reverse its motion — that the

licorice could “spring back™ to its original shape. Still, to the extent that U :%/’cx2

applies the graph is a parabola not sho nhere hich has its verte at the origin and is
either concave up ard or concave do n ard depending on ho one ishes to define the
sign of F' the connection being F = —dU dx .

e s a crude estimate the area under the curve is roughly half the area of the entire
plotting area 8000 by 12 mm . his leads to an appro imate ork of

% 8000 0.012m ~50 . stimates inthe range 40 < W <50 are acceptable.

f  ertainly dissipative effects dominate this process and e cannot assign it a
meaningful potential energy.

133. a heforce  unitsunderstood from .8 20 is plotted in the graph belo .
F(x)

3_.

b he potential energy U  and the kinetic energy K x are sho ninthene t. he
potential energy curve begins at 4 and drops until about x =2 the Kkinetic energy curve
is the one that starts at ero and rises until aboutx =2 .
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1 K()

134. he style of reasoning used here is presented in ection 8 5.

a he hori ontal line representing E; intersects the potential energy curve at a value of »
~ 0.07 nm and seems not to intersect the curve at larger » though this is some hat
unclear since U r is graphed only upto »=0.4nm . hus if m ere propelled to ards
M from large » ith energy E; it would “turn around” at 0.07 nm and head back in the
direction from hich it came.

b he line representing £, has t o intersection points »; ~ 0.16 nm and », ~ 0.28 nm
iththe U » plot. hus if m starts in the region»; r r, ithenergy E, it ill bounce
back and forth bet een theset o points presumably forever.

¢ tr=0.3nm the potential energy is roughly U=-1.1x 10" .

d ithM  m thekinetic energy is essentially ustthatof m. ince E=1x10"° its
kinetic energy isK =E—- U~2.1x10" .

e ince force is related to the slope of the curve e must crudely estimate
|[F|~1x10°  at this point. he sign of the slope is positive so by .8 20 the force is
negative valued. his is interpreted to mean that the atoms are attracted to each other.

f ecalling our remarks in the previous part e see that the sign of F is positive
meaning its repulsive for» 0.2 nm.

g ndthesign of F is negative attractive for» 0.2 nm.
h tr=0.2nm the slope hence F vanishes.

135. he distance traveled up the incline can be calculated using the kinematic e uations
discussed in hapter 2

v2=v§+2an — Ax =200 m.

his corresponds to an increase in height e ual to y= 200m sind=17 m
here #=5.0°. e take its initial height to be y = 0.
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a . 8 24 leads to
W

- =AE=%m(v2—v§)+mgy.

herefore AE =86x10°

b rom the above manipulation e see Wy, = 8.6 x 10° . Iso from hapter 2 e
kno that Az=Av/a=10s. hus using .7 42

W 86x10°

2 = = =860
At 10

here the ans er has been rounded off from the 856 value that is provided by the
calculator .

¢ and d aking into account the component of gravity along the incline surface the

applied force is ma mg sin =43 and clearly in the direction of motion so .7 48
provides the results for instantaneous po er

430 forv=10m s

P=F-v=
{ 1300 forv=30m s

here these ans ers have been rounded off from 428 and 1284 respectively . e note
that the average of these t 0 values agrees ith the resultin part b .

136. a onservation of mechanical energy leads to
K +U =K,+U 0 Lz =L 1k 2
i tU =R, +U, = +Ekyi _Emvf"'z Y=Y +mgy,

here y, =0.25 mis the initial depression of the spring and y, —y, is the displacement

of the spring from its e uilibrium position hen the block isaty,. hus the kinetic
energy of the block can be ritten as

1 » 1 2 2
Kf‘ :Emv‘f :Ek[yi - V=) :I_mgyf'

or y,=0 thekinetic energyisK, =0 ase pected since this corresponds to the initial
release point.

b ty,=0.050m ehave
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Kf :%kl:yiz_ Y=V 2:|_mgyf

=% 620 m [ 0.250 m 2— 0.050 m—0.250 m 2}— 50 0.050m =4.48

¢ ty,=0100m ehave

Kf :%kl:yiz_ Y=V 2i|_mgyf

=% 620 m [ 0.250 m 2~ 0.100 m—0.250 m 2]— 50 0.100m =7.40

d imilarly the kinetic energy at y, =0.150 mis

Ky :%k[yf— Y= Yi 2]—mgyf

:% 620 m [0.250 m 2— 0.150 m—0.250 m 2]— 50 0.150m =8.78

e ty,=0.200m the kinetic energy of the block is

Kf :%kl:yiz_ Y=V 2:|_mgyf

:% 620 m [ 0.250 m >~ 0.200 m-0.250 m 2]— 50 0.200 m =8.60

f he spring returns to its uncompressed state once y, > y,.  ince the block becomes
detached from the spring beyond that point at its ma imum height K =0 and e have

kv 620 m 0.250m?
2mg 2 50

=0.388 m.

1
Ekyizzmgyma = Vma =
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