
11O CHAPTER 5  FORCE AND MOTION- I

Immediately after Thrzan steps off the clifl the tension in the viue
is 760 N. Jusr then. \  har are ia) the force on him frorn rt , .  uin. ln
un r r . vec lo r  no la t ron  and  l he  ne t  f o r ce  on  h im  (b )  i n  un i r_ rec to r  nola l r on  and .as  { c )  a  magn i l ude  and  {d )an  ang le  re l a t i \ e  t o  t he  Dos inve  o t rec l r on  o l  t he  ] |  ax i s?  Wha t  a re  t he  (e l  magn i l ude  and  ( f j  angle ofTazalr's acceleration iust then?

-32 Figure 5-39 shows an overhead
view of a 0.0250 kg'lemon half and
two of the three ho zontal forces that
act on it as it is on a frictionless table.
Force F, has a magnitude of 6.00 N
and is at 0r :30.0". Force f, has a
magritude of 7.00 N and is at 0, :
30.0". In unifvector notation, wh;t is
the third force if the lemon half (a)
rs statlonary! (b) has the constant ve_

.24 There are two horizontal
lbrces on the 2.0 kg box in the over_
head view of Fig. 5-3g but only one
(of magnitude F1 : 20 N) is shown.
The box moves along the .r axis. For
each of the following values for the acceleration d, of the box, find the
second force in unit-vector notation: (a) 10 n/si (b) ,O;;;, i;i ;,(d) 10 m,/sr, and (e) 20 m/sr.
.25 

.Sunjamming. A ..sun 
]achl..  is a spacecraft with a large sai l

that is pushed b) suntighr. Atthough such a pu,h rs , f  " i  r" " l ."r" jr"
ctrcumstances. j l  can be large enough to .end the spacecraft,out,_ward from the Sun on a coit-free but slow trip. S.Jp.* ,i", ti"
:p^acec.rafl has a mass ol q00 kg and receire. a push .f 20 N. ;;;wnat  l s  lhe  magn i tude o t  lhe  re \u l l ing  acce le ra i ion? l l  the  c ra lLstarts from rest, (b) how far will it travel i" f aay arra 1"; frow fastwill it then be moving?
.26. The tension at which a flshing Lrle snaps 1s cornmonly called theline's "strength.,,What 

minimum strength is n.ea"a tor a t;n" tnutlsiistop a salmon of weighl g5 N in I I cm if rhe fish js ir ir iallv dri lt inp aL2.8 rn/s? As\ume a consl a nt decelera tion.
.27 ssM. An electron $ith a speed ol 1.2 . l0 m/s moves hori_zon la t ty ,n lo  a  reg ion  \  here  a  con\ tan t  ven ica l  fo rce  o l  4 .5  ̂10 lbN acts on it. The mass of the electron is q.1t x t0 ii te.Determine the vertical distance the electron is aene"iJaur'ine th?time it has moved 30 mm hodzontally.

:2^8. t.T that weighs 1.30x10.1N is init ialy moving ar40  km/h_$hen the  brakes  are  app l ied  and rhe  ccr  i i  b roueh i ro  ,s rop  In  t i  m.  Assuming the  lo rce  tha l  \ tops  the  car  i s  cJnr tan t ,
find (a) the magnitude of rhat force ard 1Uj tl" ti*. ,.quir"O f*t i c .cha  nge. in  speed.  l l  the  in i l  ja l  speed i ,  douUt"O.  ana r i  e  .u r -  . r_
Perlences lhe.\am_e force during lhe braking. by r,rhat facrors aretc l  rne  s topprng d is lance and td )  the  s lopp jng  t ime mul l iD l ied?
I  I  nere  coutd  be  a  lesson here  abour  the  danger  o f  d r iv ing  a t  h ighspeeds.)

.29  A f i re f igh ter  who we ighs  712 N s l ides  do \n  a  ver t i ca l  oo lewrrn. an acceteralion of 3.00 m/s'. directed do\n\aard. Whai are
f l1  !a t  

m. len1ua^e and (b )d i rec t ion  {up  or  do \an)  o f  rhe  ver r i ca tIorce on the firefighter from the pole and the (c) rnagnitude a;(d) direction of the vertical force on the pof" t o- thJnr"nefrt".i
€0 

,:91: 
The high-speed winds around a lornado can driue o..,_

]::,11:s.1"1. 
I.rees. buitding wa s. and even merat rrcffic signs. in alaoora tor )  s rmula l ion-  a  s landard  wood roo thp ic l  r , ras 'shor  bvpneumatic gun inro an oak branch. The ,o.rfrpi. l., *"., *1, b.i ig. irs 50a"tr before enlering rhe branch *a, 2iO trt ls, "nd irs oerr"_rra on,cepth $as l5 mm. lf i ts speed was decreased u, " ,niforrnrate, what was the magnitude of the force of the branch on thetoothpick?

-31 ssM www A block is projected up a frictionless inclined
11"":^yl 

h. init iat speed yo:3.j0n/s The angle of i"; i;;d . -  32  0 ' .  {a )  How fa r  up  rhe  p lane doe\  rhe  b lock  eo l  rb r  ;o i

;.":? ijilJl:li.T 
ser rhere:,{c) whar is irs speed uhen ir gers

.€9 tlw A sphere of mass
a cord. A steady horizontal
breeze pushes the sphere so
that the cord makes a con_
srant angle of 37" with the
vertical. Find (a) the push
magnitude and (b) the ten_
siorl in the cord.
-40 @ A dated box of dates,
ot mass 5.00 kg, is sent sliding
up a frictionless ramp at an
angle of 0 to the horizontal.

3.0 X 10-a kg is suspended from

Fig,5-99 Problem 32.

lllf,r'-:rffi ;3i,li]"3ii,"11!".]'"' the varying verocitv i :
..33 An elevator cab alrd its load have a combined mass of 1600kg..Find the tension in rhe supportir

r:m*t: * lu,x:1. )' ii: I llff lf 'l"::,,ti ;x,;,lili,i ;
-34 e In Fig.5-40, a crate of mass m : 100 kg is pushed at con_
):1 ,)T:9, 

up a fricrionles\ ramp
(0 = 30.0) by a horizontal force F.
What are the magnitudes of (a) F
and (b) the tbrce on the qate from
the ramp?

-35 The velocity of a 3.00 ks par_
ticle is given by 7 = (8.00i r 3.00pi)
nts, with time I in seconds. At the in_
stant the n€t force on the particle
has a magnitude of 35.0 N what are

:ff "':1"':'l::f:'?liil:,'*#ffiJn'ro, or the r axis) or (a)

;;:;", :r'r'i:'Jl"liJ j:il::T,l;:"'ara'er to a rrictionress ski
s.o: *itr, tr,"'nor^,,tuiffi ;ff"",:1";XiJ:'t"l: ;;;: iJ,:: ;]thesk ie r  f rom the  rope when (a )  rhe  magn i rude u  f t  rh "  sk ie .su"_

; : :1 [ ; " : i ] : . ,20  
m s  and {b )  v  -  2 .0  m/sas  v  inc reasesar  r

;g".tf llgtrf :i11i{"H jf*T:".:i:';il'Ji,:fi n::tThe giri exerts a ho zontal 5.2 N force on the rope. What are the ac_

;:fiffLil3#,1^fiil1i3.ffi:f#:$ (a tr''" 6'n e'ui' i*

liTiili::':ff i'ili:T:1,:",Xff *:::*",T".f"ffi 5:i
;",1;i'.J.'"',il x;:: ;Hli,:'i,,iii: il'TffX ;::|,:rry"T:ll
1,1^]:,!1 :*u-,,"!b) incr-easing at a rate of r.o nvsr, ana (c) in_creasng at a rate of2.0 m/s2?

Fig.5-34 Problem 24.

Fig.5-4o Problem 34.

2

l r

Fig. s-4i Problem 40.



Figure 5 41 gives. as a function of time f, the componenl v. of thc box s

velocity along an r axis that extends directly up the ramp.What is the

magnitude ofthc normal force on the box from the ramp?

."41 Using a rope that will snap if thc tersion in it excecds 3il7 N'

you need to lower a bundle of old roofing matcrial lveighirg 449 N

tiom a point 6.1 m above the grourd. (a) What magnitude ofthe bun

clle's acceleration will put the rope on the verge of snapping? (b) At

that acceleration, with what speed would the bundle hit the ground?

-42 @ ln carlier days, horses pulled barges down canals in the

manner shown in Fig.5-' l2 Supposc the horse pulls on the rope

with a force of 7900 N at irD angle of d: 18' to thc direction ot

motion of the barge, which is headed straight along the positive

direction of an i axis. Thc mass of the barge is 9500 kg' and the

magnitude of its acceleration is 0 12 m/s'?. what arc the (a) magni-

tude and (b) direction (relative to positive r) of the force on the

barge froir the water?

Fig.5-42 Problem 42.

..43 ssM In Fig.5 43, a chain consisting of f ive

links, each of mass 0.100 kg, is l i l ted vcrticall-v
with constant accelcration of magnitude d : 2 50

m/s2. Find the magnitudes oI (a) thc force on link 5

1 lrom lirk 2, (b) tbe torce on l ink 2 tiom link 3, 4
(c) the force on l ink 3 from link 4, and (d) the

force or link 4 fron.r link 5. Then find thc magni- 3

Ludes of (e) thc lorce F orl the top link from thc 2
person lifting thc chain and (f) the net force accel-

erating cach link. l

d44 A lcmf hf lng. vefl ici l l l )  l rom a.cord in d de- 
Fig. 5_43

.cend ing  e le \ i l o r  I ha l  d \ ' ce le r i t l L \  a l  2 .4  m  s - .  i r )  l l  
l r J l " -+ . t .

the tension in the cord is IJ9 N. what is the lamp's

mass? (b) Whal is thc cord's tcnsioll when the elcvator ascends with

an upward acceleratioD of2.4 m/s':'l

. .45 An elevator cab that weighs 27.8 kN moves upward. what is

the tension in the cable if the cab's speed is (a) irlcreasing at a rate

of i.22 m/s2 and (b) decreasing at a ratc of 1 22 m/s']'i

..46 An elevator cab is pulled upward by a catrle.Thc cab and its

siDgle occupant have a combired mass of 2000 kg.When that occu-

pant drops a coin, its acceleration relativc to the cab is 8 00 m/sr

downward.What is lhe tension in the cable?

-47 '1i:: The Zacchini family was renowned for their human-

cannonball act in which a family member was shot from a cannol'l

using cither elastic bands or compressed air' In one version of the

act, Emanuel Zircchini was shot over three Ferris wheels to land in

a net at the same height as the open cnd of thc caDnon and at a

range of 69 m. He was propelled insidc the barrel fol 5 2 m and

launched at an angle of 53". If his mass was 85 kg aDd he urderwcnt

constant acceleration inside the llarrcl, what was the magDitude of

the force propelling hjm? (Hirf Tieat the launch as though it werc

along a ramp at 53".Neglect air drag.)

*48 S In Fig. 5.14, elevator cabs ,4 and B are connected by

a short cable and can be pulled upward or lowered by the cable

above cab A. CaLr,4 has mass 1700 kgicab B has mass
1300 kg. A 12.0 kg box of catnip lies on the floor of
cab,4.The tension in the cable conl'lecting the cabs is
1.91 x 104 N. What is the magnitude of lhe normal
force on the box tiom the floor?

-4s tn Fig. 5-45. a block of mass m :5.00 kg is
pulled along a horizontal frictionless floor by a cord
that exerts a lorce oI magnitude F : 12.0 N at an an-
gle d: 25.0". (a) What is the magritude of the
block's acceleration? (b) The force magnitude F is
slowly increased. What is its value just before the
block is ljfted (cornpletely) otT thc floor? (c) What is
the magnitude oI the block's accelgration just before
it is lifted (completely) ofl the floor?

w
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Fig, 5-44
Problem 48.

x

Fig, s-45
Problems 49 and 60.

-s0 € In Fig. 5,16, thrce ballot
boxes are connected by cords, one of
which wraps over a pullcy having
negligible liiction on its axle and
negligible mass.The three masses arc
nz1 : 30.0 kg, zo : 40.0 kg' and
,?c : 10.{) kg. When thc assembll' is

Fig. 5-46 Problen 50.

released tiom rest, (a) what is the tension in the
cord connecting B and C. and (b) how far does A
nlove in the f,rst 0.250 s (assulning it does not reach
the pulley)?

*51 S Figure 5 47 shows two blocks connccted
by a cord (of negligible mass) that passes over a ffic-
tionless pulley (also of negligible rnass). The
arangement js known as Alb'ood's mttchine Or,e
block has mass mL : 1.30 kg; thc other has mass n 2 :

2.80 kg. Whal are (a) the magnitude of the blocks' ac
celcration and (b) the tension in the cord?

-52 An lt5 kg man lowcts himsell to the ground
tiom a beight of .10.0 m by holding onto a rope that
runs over a frictionless pulley io a 65 kg sandbag.
With what speed does the man hit the ground if he
started from rest?
-53 ID Fig. 5-48, three connected blocks arc pulled to the right on

a horjzontal frictionless table by a force of magnitude I : 65 0 N

lf n\ : 12.0 kg, zr, : 24.0 kg, and mj : 31.0 kg, c^lculate (a) lhe

magnitude of the system's accelcration, (b) the tension 7,, and (c)

the tension 22.

nh

' t , 7'Tl

Fig- 5-47
Problcms 5l

and 65.

Fig.5-4a Problem 53.
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-54 @ Figure 5-49 shows four penguins that are being playtully
pulled along very slippery (frictionless) ice by a curator. The masses
of three penguins and the tension in two of the cords are n t : 12 kg,
m3 = 15 kg, ma = 20 kg, 7, = 111 \ and 7+ = 222 N Find the pen-
guin mass /?b that is not given.

Fig.5-49 Problem 54.

. .55  ssM l lw  www Twob locksare in
contact on a ftictionless table. A hodzon-
tal force is applied to the larger block, as
shown in Fig. 5-50. (a) lf mr:23 kg,
m2 : 1.2 kg, ar'd F : 3.2 \ find the mag-
nitude of the force between the two
blocks. (b) Show that if a force ofthe same
magnitude F is applied to the smaller
block but in the opposite direction, the magnitude of the force be-
tween the blocks is 2.1 N, which is not the same value calculated in
(a). (c) Explah the difierence.

-56 In Fig. 5-51a, a constant horizontal force f is applied to
block,4, which pushes against block B with a 20.0 N force directed
horizontally to the right. ln f ig. 5-51b. the same lorce f is applied
to block B: now block ,4 pushes on block B with a 10.0 N force
directed ho zontally to the left. The blocks have a combined mass
of 12.0 kg. What are the magnitudes of (a) their acceleration in
Fig.5-5la and (b) lorce {,1

Fig. 5-5O
Problem 55.

B A
Effir "w'brffi '-ffi]

ffitrFffi gE4rta&6&F,2fi1

(a)  (D)

Fig. s-51 Problem 56.

-57 llw A block of mass m1 :3.70
kg on a frictionless plane inclined at
angle 0: 30.0" is coDnected by a
cord over a massless, frictionless
pulley to a second block of mass
mz: 2.30 kg (Fig. 5-52). What are
(a) the magnitude of the accelera-
tion of each block, (b) the direction

Fig.5-52 Problem 57.

of the acceleration of the hanging block, and (c) the tension in the
cord?

-58 Figure 5-53 shows a man sitting in a bosun's chair that dan-
gles fuom a masslgss rope, which runs over a massless, frictionless
pulley and back down to the man's hand. The combined mass ol
man and chair is 95.0 kg. With what force magnitude must the man
pull on the rope if he is to rise (a) with a constant velocity and (b)
with an upward acceleration of 1.30 m/s'z? (lirt A ftee-body dia-
gram can really help.) If the rope on the right extends to the

ground and is pulled by a co
worker, with what force magnitude
must the co-worker pull for the
man to risg (c) with a constant ve-
locity and (d) with an upward ac-
celeration of 1.30 m/s'?? What is the
magnitude of the force on the ceil-
ing from the pulley system in (e)
part a, (f ) pafl b, (g) part c, and (h)
part d?

-59 ssM A 10 kg monkey climbs
up a massless rope that runs over a
ftictionless tree limb and back
down to a 15 kg package on the
ground (Fig. 5 54). (a) What is the
magnitude of the least acceleration
the monkey must have if it is to lift
the package off the ground? If, after
the package has been lifted, the
monkey stops its climb and holds
onto the rope, what are the (b) mag-
nitude and (c) direction of the mon-
key's acceleration and (d) the ten-
sion in the rope?

..60 Figure 5-45 shows a 5.00 kg
block being pulled along a ftiction-
less floor by a cord that applies a
force of constant magnitude 20.0 N
but with an angle 9(r) that varies
with time. When angle A : 25.0", at
what rate is the acceleration of the
block changing if (a) d(t):
(2.00 x 10 2 deg/s)r and (b) d(r) :

(2.00 x 10'''?deg/s)/"| (Hint: T\e
angle should be in radians.)

-61 ssM tlw A hot-air balloon of mass M is descending veftically
with downward acceleration of magnitude a. How much mass (ballast)
must be tbrown out to grve the balloon an upward acceleration of mag-
nitude a? Assume that the upward force from the air (the lift) does not
change because of the decrease in mass.

-.gZ s€ In shot putting, many athletes elect to launch the shot at
an angle that is smaller than the theoretical one (about 42') at which
the distance of a projected ball at the same speed and height is geatest.
One reason has to do with the speed the athlete can give the shot dur-
ing the acceleration phase of the throw. Assume that a 7.260 kg shot is
accelerated along a straight path of length 1.650 m by a constant ap-
pli€d force of magnitude 380.0 N, starting with an initial speed of 2.500
r/s (due to th€ atl ete's prcliminary motion). What is the shot's sp€ed
at the end of the acceleration phase if the angle between the path and
the horizontal is (a) 30.00' and (b) 42.00'? (1{in r. Tieat the motion as
though it were along a ramp at the given angle.) (c) By what per
cent is the launch speed decreased if the athlete increases the angle
from 30.00" to 42.00'?

-.63 Figure 5-55 gives, as a function of time t, the force compo-
nent 4 that acts on a 3.00 kg ice block that can move only along
the .r axis. At I : 0, the block is moving in the positive diection of
the axis, with a speed of3.0 m/s. What are its (a) speed and (b) direc-
tion of travel at /: 11 s?

Fig. s-53 Problem 58.

Fig.5-54 Problem 59.
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*'d[i ::. A shot putter launches a 7.260 k9 shot by pushing it
along a straight i jne ol length 1 .65(l m and at an anglc ol 34.10'
from thc horizontal, accelerating the shot to thc launch speed
from its init ial speed of 2.500 m/s (which is due to the athlete's
prclimjnaly motion).The shot leavcs thc hand at a height ol 2.110
m ancl at an angle of 34.10". and it lands at a horizoDtal clislance ol
15.90 m. What is the nagnitude of thc athlcto's average lorce on
lhe shol during the accelcration phasel (l/irl. Tieal the motion
during the acceleration phaso as though it were along a ramp ai
the given angle.)

Additional Problems
n9 ID Fig. 5-59. 4.0 kg block ,4 and 6.t) kg block B are connected by
a string ol ne^gligible mass. Force -F; : ( 12 N)i acls on block ,4; force

& : (24 N)i acts on block B. What is the tensioD jn the string'1

Fig. 5-55 Problem 63.

,-t;1 Figure 5 56 shows a box of mass nrz : 1.0 kg on a tiiction-
less planc inclined at angle ,: 30". It is connected b-v a cord of
negligjble mass to a box ol mass m I : 3.0 kg on a horizontal fric-
tiorless surface. The pullc-v is fiictionless and massless. (a) lf the
magnitude of horizontal force F is 2.3 N. what is the tension in the
connecting cord l (b) What is the largest value the magnitude oI F-
may have without thc cord becoming slack'l

Fig. 5-56 Ploblem 64.

.*gE Fisurc 5-47 sho\\s Attrootl's nach 17?e, in \rhich two contain-
ers are connected by a cord (ofnegl igible rnass) passing ovet a fr ic-

tionless pulley (also ol negligible mass). At timc I : 0, cor]lainer 1

has mass 1.30 kg and container 2 has mass 2.30 kg, trut container 1 is

iosing mass (through a leak) at the coostant rale of 0.2{}0 kg/s. At

whal rate is lhe accelelation magnitudc of the containers changxrg

at (a) ,  :  0 and (b) l  = 3.0t1s? (c) Whcn docs the accelerat ion reach

its maximun value?

.r!f,* Figure 5 57 shows a section
of a cable car system. The maxi-
mum permissible mass of each car
with occupants js 2800 kg.The cars.
riding on a suppolt cable, are
pulted by a secolc] cable attachecl
to the support towcl on each car.
Assume that the cablcs lue laut
and inclined at anglc 0 = 35'.
What is the differcncc in tension
between adjacent scclions oI pull
cable if the cals are at lhc maxi
mum pernissible mass and arc bc
ing accelerated up the incline at
0.81 m/s':?

.*6f, Figure 5 5ll shows three
blocks attached by cords that loop
over liictionless pu11cys. Block B
lies oD a fiictionless table; the
masses are m.r : 6.00 kg. lzs : 8.00
kg, and ,r. : 10.0 kg. Wrcn the
blocks arc rcieased. what is t l le
tension in thc cord at the right'l

l i  (N)

Fn

Fig.5-60 Problem 71.

60'. Ihe pullcy js ir ictionless ard has negligible mass. Wlrat is thc
tension in the cord?

t-f Three forces irct on a particle that moves with unchanging ve
locit-v^i - (2m/s)i (7 n/s)j. Two of the fot."r n." f :^(2N)i +
( 3 N ) i  + (  2 N ) k a l ] d f ,  -  (  5 N ) i  +  ( 8 N ) j  +  (  2 N ) k . w h a t i s
the tl l i id lorce?

?3 i:r: ' ,r In Fig.5 61. a tin oi antioidants (/rr : 1.0 kg) on a lric

Fig. s-sg Problem 69.

-l'ii 1... An iJo kg man drops to a c()lrcrete patio tiom a window

0.50 ln above the patio. Hc ncglects to bend his krees on landing.tak-
ing 2.0 cm to stop. (a) Whal is his avelage acceleration ftom when his
feet fiISttouch thc patio to when he stops'l (b) What is the magnitudc
ofthe average stopping forcc cxerler:l otl him by the patio'l

7' ;  53ir Figure 5-60 shows a
box ol dirtv money (mass
lzl = 3.0 kg) on a frictionlcss
pJane incl ined at anglc dt :

3{)'. The box is conncctcd via a
cord ofnegligible mass to a box
of laundercd moncy (mass
rrz = 2.0 kg) on a fr ict ionlcss
plane incl ined at anglc d2 =

tioDlcss ir1cl ined sulface is connected
to a t in ol co.ned beef (n. :  2.0 kg).
The pulley is massless and friction-
less. An upward force of magnitudc
F: 6.0 N acts on the concd bccl
t in, which has a downrvard accelera
t ion of 5.5 rn/s' : .  What arc (a) the 1en
sion in thc connecting cord and (b)

angle P?

7.1 lhe only two forccs acting on a
body have magnjludes of 20 N and
35 N and directions tirat differ by
80'." lhc rcsult ing acceleral ion has a
magnitucle of 20 m/s2. What is the
mass ot the bocly?

Fig. 5-s7 Problem 66.

Support cable

Fig. s-54 Problem 67.


