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The pesition versus time for a certain particle moving

along the x axis is shown in Figure P2.1. Find the aver-
age velocity in the time intervals (a} 010 2s, (b) O to 4 5,
(c) 2st04ds, (d) 4sto 7s,and () 010 8s.

Figure P2.1 Problems 1 and 9.

fa) x=0 att{=0 and x=10m at t=2s:

AX m-0
Vyiavg = AT o S 5.0 m.fsl
) x=50m at t=4s
AX B0m-0 —
Ux,a\'g = Ef = T&?—T =l12 m/sl

_ A% 50m-10m

e T AL T T ds-28 :

_AX _ -50m-50m

@ Viws = 3¢ = 7mqs = [P3 WA

© V= 52 - 00200 [T . 5wls

[3.] A person walks first at a constant speed of 500 m/s = >

4 along a sraight line from point @ to point ® and then  ® 'B
back along the line from ® to & ar a constant speed of
3.00 m/s. (a) What is her average speed over the entire
trip? (h) What is her average velocity over the entire trip?

a) a N Sﬁ’u_J = _\‘_0\'4( diShawn ¢
Yebof kiwme

= d

= CIAB -—1-028@_ ; bert M

) v

E'AB"" hBA‘ auwl ‘ﬂAB = "[j—{;s
= d + d — ',CBﬁ = —
Vg4

J/Uﬂg -+ Ol/UBA
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4. A particle moves according to the equation x = 107,

] where x is in meters and { is in seconds. (2) Find the
average velocity for the time interval from 2.00 s o
3.00 s. (b} Find the average velocity for the time inter-
val from 2.00 to 2.10 s.

We substitute for f in x = 10F, then use the definition of average
velocity:

i (s) 2.00 ; 210 | 3.00

x{m) | 400 | 441 | 90.0

AX 900m-400m 500m
ay v =—= = = |50.0
(@) E AL 1800s 1.00s
AX HMIm-400m 410m
b Y = —_— = . 0 "
() AL 0.100 s 0100 s

14.|Review. A 50.0-g Super Ball traveling at 25.0 m/s bounces
[ oft a brick wall and rebounds at 22.0 m/s. A high-speed
camera records this event. If the ball is in contact with
the wall for 3.50 ms, what is the magnitude of the aver-
age acceleration of the ball during this time interval? wqu
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15. A velocity—time graph for an object moving along the
x axis is shown in Figure P2.15. {(aj Plot a graph of the
acceleration versus time. Determine the average accel-
eration of the object (b) in the time interval £ = 5.00s 10
¢ = 15.0 s and (c} in the time interval t = G to t = 20.0s.

,:)U,(-; Constan

Lis}

Ugs Coms [ )
Ay =P

(3) Acceleration is the slope of the graph of v versus £,
Forlz!«hMs n=0
For13.0s «t <200 5,0 =10,

Figure P2.15

¥y =V,
For50s<t <1505, a=;——§_ = §| vff—

i~

8,00 m/s—{-8.00 m/s) 3
a= =|1.60
_15.0 s—hikis

We can plot alt) as shown in ANS. FIG. P2.15 below,

w Ity

]

L&

LE
|

L} . wl
ft S F M

ANS. FIG. P25
;-

For (b} and ic) we use a= o
L

(b) For3W0s<t<150s,4=500s w=-8.00m/s, t,= 150 s, and
= 800 m/s:

V-V 800 m/s—{-8.00 m/s} : ;
aE = =i
L=t 1505-500

() Weuset,=0,u=-800m/fs,{= 2005, and £, = B.00 m/s:

_VI—VE_S.QO me-(—S.m mfs}_ 3
a= -t W s5—0 ‘

=D Ax*=

0




O, =0
189, A particle starts frmg rest g (m/sY)
Y and accelerates as shown yu——
in Figure P2.19. Deter-
mine {a; the particle’s
speed at ¢ = 10.0 s and at
t = 20.0s, and (b) the dis-
tance traveled in the first

20,0 s.

aﬂc 'C - 2o s' ,
Q-“ng)— Nobe Baak gn\( [b \< LS 15
vS consian F V, - 20 ‘”*/5

s 5w/
se U _0_ +tat = U,_Dr:il""g"'b s

20 - /5
&ow\ v —>2of
D) o ox be ta distane pravlled -
' ¢D
X, + /),\/2 '\-AXJ 2 DXy ]5—
e HXy ! L0 27
: .15 220
I A R e 1 15
o - — loo WA
- ( o HX """-—747\{)’(1 =N AX = :Z__Q;./ 00
UF ;:Uc‘ A 2 | -~
~loo W™
avd _opk = 2ox5 =
DYZ, p UF-D > 25- i, Hoo . zxz DXJ
1 DX -
awd UE 2o ¥ AT 5 DAy = £2.5 »
04;‘/9/0 di!bﬂ =\ AX = DX —1—6)(1*-6’(]’_ 252.5.. "

_ o Aloo +627 7



A particle moves along the x axis according to the
quation x = 2.00 + 3.00¢ — 1.00:%, where x1s in meters
and tis in seconds. At { = 3.00 s, find (a) the position of
the particle, (b} its velocity, and (¢} its acceleration.

&) Alp=35) = 2+3x3- T = 2™
%) g:,i}_{ = 3-2k D Y397
b

3_?_)(3 =~-3 w‘/;

<) aK:J—(ﬁ" :_‘_4:2_3_( - —2 W\}.S‘l
dr Jb*

24. The minimum distance required to stop a car moving ... D
at 35.0 mi/h is 40.0 ft. What is the minimum stopping ¢
distance for the same car moving at 70.0 mi/h, assum-
ing the same rate of acceleration?

Fo\' CM # A U{Fl - V,f‘ - 2 A ()(1‘1_ x(.') — _

b Car #2 \l?,;':l\)\tl , 5

UP'.':O

T -
'\l&‘L z Vg A ZC\(X’J""X")
(!
0 = l—qu_: *Zﬁx’lf_




29.|An object moving with uniform acceleration has a
elocity of 12.0 cm/s in the positive x direction when its
x coordinate is 3.00 cm. If its x coordinate 2.00 s later is
—5.00 cm, what is Hs aceeleration?

Ugiwy A= X ~ U b ~ £t , We et
o= 2(Xp- X ~Up &) _ 2 (~5-5%~ \ZX_?.2 _ 1w/

PR

e 4

58. A particle moves along the x axis. Its position is given
- 1 by the equation x = 2 + 3¢ — 4%, with xin meters and
’{; {in seconds. Determine {a) its position when it changes
=3 direction and (b) its velocity when 1t returns to the
?"A a i n Al
position it had at { = 0.

‘3
-2 43k - ut® pr\@wh: Yo 7(,;.-: % VS “"/ZQb
=> Xc":2\~\ ;o Uk :'3\'-\/5 , G- ~3 M/_Sz'

s 0y g.vcab > u-3-3E

' U —
Wr_ Po\vhlci( (Aﬁ.ﬂ“‘jd clt\rzdmo“\ U’\MW\ ,F-
"‘UV\L ?OS\‘["\‘O'\A N&' &lps hitwa o v S 2 X
2y = X Vet Ay ak - 2+ 3 x.%’_ - ‘/ZXBX(—-B-)

\z 2.5 ™
\)) st XJ"': Aeathet +%$2 SAWL Pﬁfll{"“o“ Cx,r.'::—xu) =>
: whorns Yo ‘o
a\nA oW, Pﬂf/}“d" 0.
? ey U - VL

St=3 s
° 2

a —3 =



100 m/s. {a) If friction can be ignored, how high would
an arrow launched at this speed rise if shot straight up?

{b) How long would the arrow be in the air? E I = luo
Weegnk Upzo 2> Vo U K
A) ek waax Wi $£7° DV =V ~29 4

(A
= py= Vae' (Lo) _ 5Ip.2 wm

29 Ixq3
» 3 v bk Bo=d9p =0 :)@
p= 0w Uy b—lpatt 5 badk B=dp s

ov 0 = E(100—HGE) =D eder b=e w'tagffzmus

49. It is possible to shoot an arrow at a speed as high as T

-5

A ball is thrown upward from the ground with an ini-
B0l tial speed of 25 m/s; at the same instant, another ball
is dropped from a building 15 m high. After how long

will the balls be at the same height above the ground?

o2 0, U225 W Ues 0,00 = 12
8t O 5o b9tT
\a‘F IOV o A Rl 2 ‘.’3;_:- 15~
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A car travels 20 o km cfue nnrr.h and t:hen 35.0 km
ln & dlrecuon 50.0° west of north as shown in Fig-

ure 3. 11a. Find the magmtuda «md dlrectmﬁ of
g the car’s, resultam (ilsplac:ement
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To find these vector expressions
graphically, we draw each set of
vectors, Measurements of the
results are taken using & ruler
and protractor. {Scale: 1 unit =
2.5m)
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4.3 Projectile Mation 89

That's Quite an Arm!

A stone is thrown from the lbp of a building upward 4t an angle of 30.0° to the horizontal with an initial speed of
20.0 m /s as shown in Figure 4.13. The height from which the sione’is thrown is 45.0 m above the groundl.

_(A) Howleng does 1t take the sione 1o reach the ground?

u; = 200 m/s

Conceptualize Study Figure 4.13, in which we have indi-
cated the trajectory and various parameters of the motion
of the stone.

. Categorize We categorize this problem as a projectile
motion problem. The stone is modeled as a particle under con-
. stant aceeleration in the y direction and a particle under constant
~ velocityin the x divection.

Figure 4.13

&, = —g and v, = 20.0 m/s {the numerical value of 3y is (Exampie 4.4) A
negative because we have chosen the point of the throw as stone is thrown from
. the origin}. the wp ofa building.
Find the initial x and y components of the stonc’s v, = vcosfl, = {200 m/s) cas 30.0° — 17.3 m/s
velocity: vy = wsin 8, = (20.0 m/s) sin 30.0° = 10.0 m/s
: Express the vertical position of the stone from the particle =%t v,t— gt
¢ under constant acceleration model:
Substitute numerical values: —450m = 0 4 {10.0 m/s)z + 3 —9.80 m /%) ¢?
Solve the quadratic equation for £ t=4.22s \\l’ = 0

- (B) .Wh_at is the speedof the st_c_)ri_é.:ji!St before it strikes the ground? '

~ Analyze Use the velocity equation in the particle vy, = v, — gt Cp = -
. under constant acceleration model 10 obtain the ¥
component of the velacity of the stone just before

. it strikes the ground: P
 Substitute numericai values, using ¢ = 4.22 s: vy = 10.0m/s + {—9.80 m/s"}(4.225) = -31.3 m/s q’ ART L
Use this component with the horizontal compo- yp = \/Z_f + 1,2 =V(17.3m/5)° | (—31.8m/s) = 35.8m/s

nent v, = v, = 17.3 m/s to find the speed of the
stone at ¢ = 4,29 5

E Finalize Is it reasonable that the y component of the final velocity is negative? Is it reasonable that the final speed is
larger than the initia} speed of 20.0 m/sy

What if a horizontal wind is blowing in the same direction as the stone is thrown and it causes the stone

to have a horizontal acceleration component a, = 0.500 m/s% Which part of this example, (A} or (B}, will have a dif-
[erent answer?

~Answer Recall that the motions in the x and ¥ directions are independent. Thercfore, the horizontal wind cannot
'_ affect the vertical motion. The vertical motion determines the time of the projeciile in the air, so the answ
§ {A) does nal change. The wind causes the horizontal velocity component Lo increase with time, so the finul
* be larger in parc (B). Taking a, = 0.500 m/s?, we find v, = 194 m/s and Y 36.9 m/s.

er L part
speed will
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a,= 0.300 m/¢*

The tangential acceleration vector has magnitude 0.300 m/s? and is horizontal. The radial acceleration is given by
Equation 4.21, with v= 6.00 m/s and 7= 500 m. The radial acceleration vector is directed straight downward.

¥ {6.00m/ s

Fvaluate the radial acceleration: a,~ —— = = ———— = (0,072 0 m/s*
¥ 500 m
Find the magnitude of &: Vel+al= V(-00720m/ £ + (0.300 m/s')?
= 0309ms

_ 2
Find the angle ¢ (sec Fig. 4.17b) between @ and the ¢ = tan”! & tan“‘(— 0.0720m/s )
horizontal: & 0.300 m/s?

-
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[L.] A motorist drives south at 20.0 m/s for 3.00 min, then
turns west and travels at 250 m/s for 2.00 min, and
finally travels northwest at 30.0 m/s for 1.00 min. For
this 6.00-min trip, find {a} the total vector displace-
ment, (b} the average speed, and (¢) the average veloc-
ity. Let the positive xaxis point east. J, D
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3. Agolf ball is hit off a tee at the edge of a chiff. Its xand
ycoordinates as functions of titne are given by x = 18.0¢
and y = 4.00¢ — 4.90t°, where x and yare inmetersand £
is in seconds. (a} Write a vector expression for the ball’s
pumimu as a function of time, using the unit vectors
i and j. By wking dc,m atives, obtain expressions for
{b) the %im:lty veclor ¥ as a funcdon of tme and
(c} the acceleration vector & as a function of time.
(d} Next use unit-vector noiation o write expressions
for the position, the velocity, and Hl'}t‘ acceleration of
the golf b"t” at!= 3.00s,

o) ¥ = 13k C - (HE- MUJ "

'8
WO =dY _ 3l + (- q,gaJ "
It o
Y e WA
o '-'-f':'J'P]:"L‘T,\B 5,.\)3 | J’Ct i th_zs"U)w}!
‘“ ?(b=35)=5-l{t'-—3'2-l_; VI -
5?(1::15)--‘)8 3 W/t

EA ﬁsh swimming in a horizontal plane has veloc- = _0 _” 3 ) m
mtw v m{4001 -+ 3?@0]} mz’s at a pmm ’m thc o

-9

"
is 1, = {E{} 0i - 4901] m.  After the h‘;h swims Uy = Q’ c 1) )5
mth constamnt acceleration for 20.0 s, its velocity is

= (20,01 — 00}} m/s. (a} Whatare the componenis a9
()I the acceleration of the fish? (b) What is the ducc— B
tion of its acceleration with respect to unit vector i7
() If the fish maintains constant acceleration, where is w Z
itat ¢ = 25.0 s and in what direction is it moving?
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Section 4.5 Tangential and Radial Acceleration

140]Figure P4.40 represents the _a=150m/s"
2] total acceleration of a particle p:
moving clockwise in a circle
of radius 2.60 m ar a certain
instant of time, For that instany,
find (a) the radial acceleration

of the particle, (b) the speed of N 7
the particle, and (c) its tangen- T
tial acceleration. F]gurg P4.46
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f—\ train slows down as it rounds a sharp horizontal

; wrn, going from 90.0 km/h to 50.0 kin/h in the 15.0 s Fvoa  WaoVep
it takes to round the bend. The radius of the curve is , E
150 m. Compute the acceleration at the moment the Coun e
train speed reaches 50.6 km/h. Assume the train con- f’ Wi se
tinues to slow down at this time at the same rate.

z 9o kk/h 25-,“}5 -~ 5 hh/h =13 Qh‘j_s

Y 2 ‘:‘ OX /o
Oy = %b-n‘i- 5’,-0.7:: W/t 9 &\ X%
15 C LM) 3
1
Or = -9 2o (@) o _)2q s fwverd
Y 150
i xererroywe BN R
a - \) qr ,rqtt. - (—).21) +
~ . ?L} -
e:ban")(g—'—‘— :‘oah)(-————" =21.9
~\.249
4%, A ball swings counterclockwise in a vertical circle at
the end of a rope 1.50 m long. When the ball is 56.9°
past the lowest point on its way up, its total acceleration
is {—22.51 + 20.2]) m/s% For that instant, {a) sketch a
VeCLor dmgram showing the components of its acceler-
ation, {b} determine the magnitude of its radial accel- @)
eration, and (c) determine the speed and velocity of
the bail.

\D) Ac z 2e.2 C-;!(?o- %4) + 225 A (34.9)

= 24,7 wfst 5 or acs JEm et
Q) Acz 2 v = Vrag B
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Acceleration of Two Connected Objects When Friction Is Present
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Iightweight, frictionless putiey as showi in Figure 5.0a, -

- A force of magnitide Fat an angle § with the horizontal’
- is applied o the block as shown, and the hlock slides to
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Chather 5
problems solufron
—~— Dr. Gassem /MZ@K/L_‘-

"%-—- U‘. u;
Review. An electron of mass .11 x 103 kg has an " > e
nitial speed of 3.00 x 107 m/s, It travels in a straight NX

line, and its speed]increases to 7.00 % 10° m/sin a dis 1|

tance of 5.00: cm. Assuming its acceleration is constant, Wie o 9.1xl0 kﬂ

(a) devermine the magnitude of the force exerted on

the electron and (b} compare this force with the welght

of the electron, which we ignored. 2

L L ,2 -
2 YV a2a8% D g = $-Ve' N Fawa =
Y 4

- 9
b Y=g =910 x9.3 = g.92x10 n

Y
Noke bhatt F>>% fe Fzdodrlo Ty -

’I"wn forces ft and fg act on a 2.00-kg object. Taking
177 = 20,0 N and F, = 150 N. find the accelerations
of the object for the configurations of forces showen in

parts (&) and (b} of Figure P5.19. A
\r) gt - 20t N A
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" A Y N
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28. The svstems shown in F igure P5.28 are in ¢

qutilibrium, 0») «T_‘_w,a -0 = Tz ‘M‘O
K If the spring scales are calibrated in newtons, What do

they read? Ignore the masses of th e
and assume the pulleys and

P5.28d are frictionless,

ns, what do

pulleys and sirings S T =5X%X99 = U qnw

the incline in Figure J Cn&
e “vﬂ "'f /olu S

C.) Cohsfalov )‘A""' {TYM
ac),\‘uo o Ada \o“u”j

gt

Figure P5.28
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fr‘: MOS""‘gD /\/
= sx4.3xL = 24 5

32 A 8.00-kg object is moving in a plane, with its x and ¥
I coordinates given by ¥ = 512 — | and y = 3% + 2,
where x and y are in meters and £is in seconds. Find

the magnitude of the net force acring on this object a
t=2.00s,
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40. An object of mass m; = 500 kg V:\n\p’

il placed on a frictionless, horizon. \))

I tal table is connected 1o a string a
that passes over a pulley and then c,) T ) |
is fastened w a hanging ohject of Figure P5.40
mass 7y = 00 kg as shown in Problems 40, 63,
Figure P5.40. (a) Draw free-body and 87,

M Ehema D Tema - ) EO.JJ wy =(Miame)a
wgt (Fy=wma o) wea - Tz wpq ~~{D)

_ 5x43 =215V
".:"> AT W 3 - 6,3 ‘"\}51 Ox\hOA XLYV““LU) T_ ng
WAy WA 5

"9

43. Two blocks, each of mass m =
3.50 kg, are hung from the cej hng
of an elevator as in Figure P5.48,
{a} If the elevator moves with an
upward acceleration @ of magni.
tude 1.60 m/s?, find the tensions
Iy and T, in the upper and lower
strings. (b} I the strings can
withstand a maximum tension of
85.0 N, what maximum accelera-
tion can the elevator have hefore
a string breaks?

Ay= )4 W[5t Ly Vbl L{oylu
hower Bocks TEyzway = T, —F3= Ay T, = Fg+ay =39-94

. = 79.8 N
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55. A 25.0-kg block is initially at rest on a horizontal sur- - [—> F
M face. A horizoatal force of 75.0 N is required to set T
the block in motion, after which a horizoneal force of f V/
60.0 N is required to keep the block maoving with con- MJ
stant speed. Find (a) the coefficient of static friction
and (b} the coefficient of kinetic friction between the
block and the surface. e bk e _¥= 7 SN
- wax 5wy =
a)qf -.:lu_fN '—"-'>M5""&"'"' ? —_ WA
5 wax N N= "]
CG=0 > ¥-1 =0 = 75 - 0.3l Nobe bk

=-p 25%a3 | /L{h <M$ y/
b) Q’ =HpN =5 MR-_-; Qk — .._5_0.. = 0:25 ._;:5 o\f&!’f 3
| )

Review. A 3.00-kg hlock starts from rest at the top of a
12 30.0° incline and slides a distance of 200 m down the \) (J’a
tncline in 1.50 s, Find {a) the magnitude of the acceler- Mt i)

ation of the block, (b} the coefficient of kinetic friction '
between block and plane, (c) the friction force acting

ot the block, and {d} the speed of the block after it has A )
slid 2.00 m. Sarag T~
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66, A block of mass 3.00 kg is pushed
up against a wall by a force P thay
makes an angle of § = 50.0° with
the horizontal as shown in Figure
P5.66. The coefficient of statjc fric-
tion between the black and the wall
is 0.250. (@) Determine the possible
values for the magnitude of P that
allow the block to remain stmiazm—_}
ary. (b) Describe what happens if 1 P | has 3 farger value
and what happens if it is smaller (¢} Repeat parts (a) and
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Y * the gravitational force acting on a planet  *
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- circular orbit {Chapter 13) ' R
- the magnetic force acting on a charged '
- particle moving in 1 uniform magnetic field (Chaprer 29)
* the electric force acting on an eleciron in orbit around a
nucleus in the Bohr model of the hydrogen arom (Chaprer 42)
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How Fast Can It Spin?

A puck of mass 0.500 kgis ;mdched o the en{l ﬁi‘ acord 1 50 m long. The puck fHVes in a harlmmai circle as shown in

 Figure 6.1. 1f the cord can withstand a maximum tension of 56,0 N, whar is the maximum speed at which the puck can
é move before the cord breaks? Assuine the string remaing horizontal during the motion.
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A small sphere 0f miass mis attached to the end ofa mr‘d of length
§ R and set into inotion in'a v@mm mrcle about a fixed point: {J as
ilfustrated in Figure 6.9. Determme the ‘tangential acceleration
" of the sphere and the tension in the cord at any instant when the ﬁ ¢\ g

: -speed of the sphere i is @ and the cord makes an angle 6 w1th the ak
© vertical.
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6. A car imitially traveling ¥ J B 235- ™ - [. 53 M/S
] castward turns north by —'Z'—"-
traveling in a circular 308 +
path at uniform speed v
as shown in Figure PG.6. N X Q) Cﬂ/‘ CI-th Y ﬁ'
The length of the arc '
ABC s 235 m, and the L2 fig we Wt LAV -~ 285-‘“
car completes the turn /”J U
in 86.0 5. {a) What is the Y 'y Vvin
acceleration when the | :.") Y = Jii_z_z* - ’g o
car is at B located ar an Figure P6.6 2R

angle of 35.0° Express A N ‘w B
your answer in terms of the unit vectors 1 and j. Deter- NYW Y o P BN /

mine (b) the car's average speed and {¢) its average 2.
acceleration during the 36.0-s interval. \ a\"l - .9-2 - @’ 59 -0 .235-
)c/l»- ug wnte or as av‘wf-ﬂ' Y 150 h/sz
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15, A hawk flies in a horizontal arc of radius 19,0 m at con- ﬁ) O, = __9__ LH)
stant speed 4.00 m/s. {a) Find its centripetal accelera- c - r | 2
tion. (b} It continues to iy along the #iame horizontal
arc, but increases its speed at the rate of 1.20 m/s%. Find =1 13 w / < L
the acceleration (magnitude and direction) in this situ-
ation at the moment the hawk’s speed is 4.00 m/s. ~
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A 40.0-kg child swings in a swing supported by two {3

chains, each 3.00 m long. The tension in each chain at %

the lowest point is 350 N. Find (a} the child’s speed at -

the lowest point and (h) the force exerted by the seat l
e

T
XL: 2w
on the child at the lowest point. {Ignore the mass of

the seat.} " ' '
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16. A roller-coaster car (Fig. P6.16) has a mass of 500 kg \ " J
X% when fully loaded with passengers. The path of the . " {am
73 coaster from its initial point shown in the figure to point G) af pl.'ﬁ ') NE whous 2
® involves only up-and-down motion (as seen by the rid- ak Qo b A J we Jed-
ers), with no motion to the left or right. {a) If the vehicle °

N
has a speed of 20.0 m/s at point &, what is the force i F\, = W %;z \%/

exerted by the track on the car at this poine? {b) What is

the maximum speed the vehicle can have at point & N~ w\,a - pt

and still remain on the track? Assume the roller-coaster "F

tracks at points @ and ® are parts of vertical circles of w D2
radius r; = 10.0 m and », = 15.0 m, respectively. =Nz eyt v
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An adventurous archeologist (m = 85.0 kg) tries to cross R e C‘,J/ &J vembunes OJ
a river by swinging from a vine. The vine is 10.0 m long,
and his speed at the bottom of the swing is 8.08 m/s. TO,V‘ Lomn l‘ )'
The archeologist doesn’t know that the vine has a
breaking strength of 1 000 N. Does he make it across
the river without falling in?
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54. A puck of mass m, is tied
to a string and allowed
t0 revolve in a circle of
radius K on a friction-
less, horizontal table.
The other end of the
string passes through a
small hole in the cen-
ter of the table, and
an object of mass u, is
tied to it (Fig. P6.54). Figure P6.54
The suspended object ' Note b{""/}' W2
remains in equilibrium while the puck on the whletop &1‘“- R
revolves, Find symbelic expressions for (2) the tension in
the string, (b) the radial force acting on the puck, and
(¢} the speed of the puck. {d) Qualitatively describe what l Y
will happen in the motion of the puck if the value of m, 6\) M ? 4! J
is increased by placing a small additional load on the
puck. (e} Qualitatively describe what will happen in the
motion of the puck if the value of m, is instead decreased

by removing a part of the hanging load. - N T-We =
o 1 jatng | £Fy=0 D
d) The Puck will sted ‘“"""J Ja :‘ljh " T = W2
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Measuring k for a Spring LY

A common t,et:hﬁiit'l“uef-?iié'e_d_-'.fib measure the force constarit of a spri ng is demors’
strated by the setup in Figure 7.11. The spring is hung vertically (Fig.:7.11a), and
an object of mass ms attached to its lower end. Under the action of the “load” mg,
the spring stretches a distance d from its equilibrium position (Fig. 7.11b), e

(A) Ifaspring is streiched 20 cm by a suspended object having a massof

0.5 kg, whatis the force constant of the spring? . o
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A 6 0 kg blcnck mma}ly at rest s pulled t0 the rlght altmg a frlcnonless horzzzmtal
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a\) Conservative Forces

Conservative forces have these two equivalent properties:

1. The work done by a conservative force on a particle moving between any
- two points is independent of the path taken by the particke.
2, The work done by a conservative force on a particle moving through any
closed path is zero. (A closed path is one for which the beginning point and
the endpoint are identical)
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problewms solufou
Dr Gassem AL Zow *

> DY
Aforce F = (61 — 2j) Nacs on aparticle that under-
178 goes adisplacement AT = (81 + j)m. Find (a) the work e
done by the force on the particle and (b} the angle -3

hetween F and AT,
- AN AT 1 6
o e o (6 (a8 D) VT
W F.or = Torcad 2 (o= 2‘“’ a”";‘é
AY

- CB9=
ve-.—.\isz-kzr--.-x!u»&wl orz 2Tt = VTo m = T V7o
N = g = a,‘-' (....-—-"6“)"-‘- gé7°

1. The force acting on a particle varies as showa in Figure " = 2
P7.14. Find the work done by the force on the particle T

Pr—

00 s it moves (@) from x = Qo x = 800 m, (b) from » =
8.00 m 1o x = 10.0 m, and {¢) from ¥ = O o x = 10.0 m. -./J L “‘4“31(' A RC
GNZa

- W}mn a 4.00-kg object is hung vertically on a cer- a\) Q'DY ,5 k:] q}ﬁﬂé)ﬂj

[ tain light spring that obeys Hooke's law, the spring - w9
retches 2,50 cm. If the 4.00-kg object is removed, h:j = “3 '/—):3 g k
(&) how far will the spring stretch if a 1.50-kg block 2
is hung on it? (b} How much work must an external T Y
agent do to stretch the same spring 4.00 cm from its :'j = }.5 X 1 ‘g = ? H Ko

unstretched position? . 3
ot “;:h‘(;i‘pl)n’um with e ks wass Horae 2 XLO
al¥ached ez L
L5y=0 |7 ) = h Rt
f—" 7 - ux9:38 zh
2 ez ™9 250l 4 ~1.259
ko‘ —wA j = 1. 57%D N/w




A light spring with spring constant &, is hung from an
elevated support. From its lower end a second light
spring is hung, which has spring constant 1. An object
of mass m 1s hung at rest from the lower end of the sec-
ond spring {a) Find the total extension distance of the
pair of springs. (b) Find the effective spring constant
of the pair of springs as a system.
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29, A force F = (4xi + ‘hj) where T is in newtons and

=> h:‘q =

B x and y are in meters, acts on an object as the object 5 2 1
moves in the x direction from the origin to x = J _ H a’.z] Y 2¥
500 m. Find the work _§  , A Mooy fx A
o2 (Cuxe »a) (de ) = 7
W= ( 2.dr = ° = 509
. o T ——

. ~> A r'\) wa [
31, A 8.00-kg object has a velocity (6001 — 2.00f) m/s. N LT (é ¢ - 3
(a) What is its kinetic energy at this moment? {b) What
is the net work done on the object if its velocity changes

to (8.001 + 4{3{}3) m/5? (Note: From the definition of
the dot product, v° = ¥+ ? 3
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A force acting on a particle moving _in the xy plane is
given by F = (2yi + 2%]), where F is in newtons ©

~and x and y are in meters. The particle moves from s Gl (15 050, 5.00)
the origin to a final position having coordinates x =
B.OO m and y = 500 m ag shown in Figure P7.43. RJ i

Calculate the work done by F on the particleasitmoves
along {a) the purple path, (b} the red path, and

{r} the blue path. {d) Is ¥ conservative or nonconser- “'( & x (m)
vativer (e} Explain vour answer to parr (d). =)
Pweple 4
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3. A single conservative force actmg on 3 particle withina g4 X =%, UL’ =0
system varies as F = (—Ax + Bx")i, where A and Bare ‘i
constants, F is in newtons, and xis in meters, {a) Calcu- n.negvﬂ\lc Pe
late the potential energy function U{x) associated with
this force for the system, taking [F = 0 at x = ¢. Find

_ 0

(b} the change in potential energy and (¢} the change X,(l

in kinetic energy of the system as the particle moves g‘cx c)x
fromx=200mwo x=3%00m. b‘ / u‘_()f)’:u(ﬂ:

N 104' “Jl" N )Se wWe )Q\hok)

\ —
...)Lle)""-r( Ax-l-ﬂx?)alx -__Ax ) (’\-szﬁég(lﬁ)
b Au-—u(x-z) b (x=1) —--(LA(:)z l{S(s) e
| QJFA qg) (2A-2:-67B) = 25%

Comdslay
-~ Ir+U=
C) SI‘V\,CL g TS C_O\ASWVK/(‘ vVt '=-} C 0 :DH-.-*./BU

= /)K:‘-—/)U =-2:5

.L Bx>

A+ 6338

g
EA single conservative force acts on a 5.00-kg particle - g Cx J X
£ within a system due to its interaction with the rest of 0) W$ )
the systemn. The equation F, = 2x + 4 describes the X\ 'y .
force, where F_ is in newtons and x is in meters. As the J I
particle moves along the xaxis from x= 100 mw x = g G_x..‘- L}) xi
5.08 m, calculate (a) the work done by this force on the -

particle, {b) the change in the potential energy of the
system, and () the Kinetic energy the particle has at j—'
x = 5.00 m if its speed is 3.00 m/s at x = L.00 m, - Uo
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* Figure 8.4.-

(A) NE@,lectmg ur resmmce d@termiﬁe e s;f}eed é'i.:t'fle hall Wﬁm irisara -
- height yabove the gmtm{i Choe:}se the system as the ball and the Earth.
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Vo
A 6. l] kg block mmaily at Test is pulled 0 the r1ght along a horl.contal surface by a . f* fé .
; constant horlzontal force of 12 N 4 i
i e e ,//,,IK,W i
§ (A) Fmd the speed of the block: a,fter it has moved 3 O m 1f the &urfaces m contact o Ax d
have a coefﬁcne nt of kinetic friction of 0. 15 ””ﬂg
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A Biﬁek—Sprmg S‘y’S’Eefn

Ablock of mass 1. 6 kg is attached to a horzmmal spring ghm hasa fm ce constant

of 1 000 N/m as shown in Figure 8, 9& Tiz& sprmg is t{}mpmﬁwd 20cm and is then -t a.$
Creleased from 1esztdsm Figure ¢ 8 ‘3?3 _ SO SR WG G
.- -
(A) Calculate the spee‘d of zlw 2}10{:& as; xi: passe'i i?lr(:}ugh the ethbrmm pasi—/ f

tion x = § if the surface is l’nc:tmnfess ) \/ .
SR J,’
W, =D K= ’/bhlmﬂ = Mg — e e

- Z_h (4 _ _ R 1
> Vs R Uﬁ—\/—-;(«:‘
b

- 0.5 s

LB CJ/{CM':. b\ﬂ«. §f-tu/u4 («)L\L \OL.,(/{R 8.3 N ﬂo.) \/ ;:0

mh" (X '
A L/ bt usa f
L ko e’?’“‘\ ) WJ_; L‘_,l?! o b-to U




3-U' M
W"‘ﬁ!—é A “‘M('}MM{&/{ eww-:)j fvr Wa\«Cov\Qw-M-\Uc
fovﬁr/)’

W¢ G/P/ﬂ‘lﬂlj ﬁhowuﬂ M g"bY' AW {”Ibla/‘-uA W L
Pt 8‘\: wie'b

Cowfav\!‘a/('\‘\lt
bts By = frald = Comsbant 2(5, )
=D DEW-::DK—\-/)U =0 = AEM:‘—"&’ N

j-.,r I‘folAFrq

! % prrcksom s prefenh 1 bhen
/Bg% :-ﬁhJ e & E'F'" be .___fkga \@Eﬁ:&

— Now &—w’ mo\n—J\‘SokaJ“JCQw*“-l’D]

g;js"f«‘”‘ and tw bhe pyedenie ‘-/j fevohio force,
we \'\MR— _

( foced

N forts



Crate Slzdmg ann a Ramp

Example 8. ?

% A 300 kg crate shcie‘i down a’ ramp The ramp s 1()0 ™ m' mngth and_: V=1
“inclined at an angle of 30, 0¢ asi showd'in Flgure 8.10. The crate stires from

. rest at the mp experiences a constarit fri tlon force of m.agmtudéz 500N
é e hunfontal ﬁoef afw

and continues to move a sllort idrss
; Eea\ém t,he ramp

J= (G0
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Example g1

Aﬂ .eievamr.car (Flg&iéé) has a maxs{)féﬁﬂﬂ Lgaﬁ{i is carl‘.}»‘i:.ﬁg ;;aészmngefsf ha’mng

_acombined imass of 200 kg. A conssant friction force of 4 000 N retards its motion.

{A) How much power st a :ﬁator"_
‘at a constant speed of 3.00 m/s?

sswle A=b = ii’.:: 0 DT =Py "'flk.'-::"D

i e e T, R h —
r to lift the elevator car and its passengers ~
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Chapler 8
problems Solybiov

~— DY Gassem Alzoube

e ——
]
G -

: R‘ ®

[5.] Review. A bead slides without fric. hoo, ,"}{\

[ tion around & loop-the-loop (Fig. _L P “"/;;;é

P8.5). The bead is released from Bt

restata height & = 3.50R. {a) Whae g Figure PB.5

bhe spee) af pornt @

2) fvom Cowfervatiou
Ec =Ly

w\ﬁ\,, = _i_mu:a- ws) (2R)

“(35R) = Vi Vs + wo(2R)

= Va =\)23R

|7 Two objects are connected
[2d by a light string passing over
a light, frictionless pulley as
shown in Figure P8.7. The
object of mass m, = 5.00 kg
iy released from rest at a
height = 4.00 m above the
table, Using the isalated S¥s-
tent model, (a) determine
the speed of the object of
mass my = 5.00 kg just as
the 5.00-kg object hits the

1 (et ) Vg =
T

table and (b) find the maxi-
mum height above the table
ttr which the 3.00-kg object
rises,

—f

=N Ut - LCWI‘M‘) 3
- —— et
Figure Pg.7 4

Problems 7 and 8, Wy -+ Wy
F.' = EI ’S :'> U_F:H.Hz W‘/j
L - . ‘
%3\""‘//1."}/"-0; = %‘53,{‘_ D ﬁ\a+_‘i{’_‘l - 55;
7> Lﬁ; -.:\q ~+ }_)__Ff
s
= U —t-w =5

48 51 7 6w
bk emadls ok bo Mo qio \‘*3\‘” P



[23]A 5.00-kg block is set into
i) motion up an inclined plane
with an initial speed of o, =
800 m/s (Fig. P8.23), The
block comes o rest after wrav-
eling 4 = 3.00 m along the = ,_
plane, which is inclined at . A

an angle of 4 = 30.0° (o the Figure P2.23 . ")
horizontal. For this motion, J h o ’L:: 01-‘ v
Y

determine (a) the change in the block’s kinetic energy,
(b) the change in the potential energy of the hlock—
Earth system, and {(c} the friction force exerted on the
block (assumed to be constant). (d) What is the coef
ficient of kinetic friction?

z o—
a) phvz Kp-K = o-Ypwie == 1600
bWy HL= WUy = My = wg :Mjolsmﬁ‘

¢) AE‘ncaL“J“f'hol =\ /}I’\'—MU :"!hJ = ﬁ]e = -

J\ ﬂh:/uhN > ,_>N':V"‘f)6%9 ]

‘:‘)/uk:____.. = —

——— ___-'-—l—,

A_n 820-N Marine in basic training climbs a 12.0-m
KT vertical rope at a constant speed in 8.00 s. What is his

power output? ‘
b\e Marine wmeVed wf Wbl conghant &fax/

D Efy =0 D T-"Y=° = T="9 \LM-'J

W :?.L :-TL:'WLDl
e wxﬁ\" gloX 1% _ )2%0 W

- W =
">f":§ st 2
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59. A horizoneal spring attached o 3 wall has a force con. ok A= £ Cm =i 0fn
stant of & = 850 N/m. A block of mass w = 1.00 kg 7 2
is attached ro the spring and rests on a frictionless, Y = | X 850 x ( o 08)
horizontal surface as in Figure P8.59. (a) The block "1

is pulled 1o a position x, = 6.00 cm from equilibrium —_—

and released. Find the elastic potential energy stored = } 53 J

in the spring when the block is 6.00 cm from equilib- ‘ L Ul 1 >t
rium and when the block passes through equilibriin.  _ b IM'{‘ vi

(b} Find the speed of the block as it passes through the ) =5 U =
equilibrium point. {c) What is the speed of the block (_‘X‘-‘* -

when it is at a position x,/2 = 3.00 cm? (d) Why isn't

the answer to part (¢} half the answer to part {b}? L) EA— = E c

(B
Wk, = L
53 = \/L’(”uc

;.gzn.; PRV \) 2x)53 < h75 w /g

(]
%

2
7% Ve

2
3 Ry, = WU
a

C) C}}:‘ GG \ ) 2
Xe )
‘/q.kx; = I/zk("'f) A h

v = Up= o 3R&S I w/s
Ry, = \)tk’c'-a-.r-__““vﬁlm =2 UE"\/——_’—&—E""’—C—'z I5
T} Uwm
A 10.0-kg block is released from rest at point & in Fig. \'a}h L e {or
aaure P8.63. The track is frictionless except for the por-
tion between points & and ©, which has a length of ) :>

6.00 m. The block travels down the track, hits a spring _ g J
of force constant 2 250 N/m, and compresses the E‘F.- gr,' - R
spring 0.300 m from its equilibrium position before

coming to rest momentarily. De_termi{ne the coefficient E‘ - - ﬂh_ o’
of kinetic friction between the block and the rough E p—«“h -

surface between points ® and €, 0)
T \mﬁ\,\ =MV
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Carry Collision Insurance!

- Ah 1 800-kg car stopped at a raffic light is struck from the rear by a 900-kg car. The t’m}' cars become eneangled, mov-
ing dlung the same path as that of the originally maoving car. If the sma%lt.r Car were' mo\mg at '20 {§ m,/s before the col-
lision, what is the velocity of the entangled cars after the collision? * :

qoo M} -y = \Boa j o U;L-—MM’S : Uu.:a'
o s Cars form anseelobzd ffe: (Ls leed
("3"5\-0» worbla DP = o = &"Pa"’ Lo Wy
o bhor .
D wy Ui = (mimg) Up 7‘?('_

= Qoo X2 L 667 w/
ﬂ) UJ—" Ul(. = s \A’!—

-\"Ml],, ‘Iuo +‘g"9 }'0 .

The Baiizsiic Penduium AM

The ballisnc pﬁnduium {Fig 9. 9 page ZﬁZ) is g apparatus used to measure the speed cuf a fasz—movmg projectile such
~asa buliet A projt,cnie uf mass m is fired into & large block of wood of mass m, suspended fmm some light wires. T he ..
prq;ecule embeds in t}w block, and the entire system swings through a height 4. Hom -€an we determma the speed of
the projectile fmm a measurement of fw : G :

’_ &ms\- me'owm ts Cow}wwf
"_: Pﬁ. => M;UIC-\M-L\J%‘ - &M*&W\Q U{_

> Vg =

h
i
Commaom MC&% ag/s'l'W' c‘%ul flon- UZA';O J

_ bow Conservmiou Uf wmp Mehwesn poiwks B awd C/

EB: Gc = \/7_ WUB = M6L\ => Ug = 15\'\

R T Wy rWaq ;
Wy kg

I b
= U = tt—\-‘wz)m . So ‘\ch. WACAS UM \« / beers
™ we caJWWt'WQ U.A_

=D




A ”Ewn Body Cc!ltsmn with a Sprmg m

\ biock of mass m[ = I 6{? kg initially movmg to the nght with a speed of 4.00 m/s oR frlctmnims horzmmd} lrack
. collides with a light spring attached 10 2 second block of mass my = 2.10 kg initially m{wmg to the !eft with a speed of
¢ 2.50 m/s.ag shown in Flgm‘e 4:10a. T’he spring mmmm is606N/m. .

a) Fw\/ bhe Velolrb ed 04 ‘oL-e. two \olvdhf
Oxf—\-w'o\m collis ' ou .

V=400 mss Vo, =-2.50i mys

S =
2> wowabum S c:awgovvJ = f, =p;-

WUy 4 Welpe = Wi e Vag ~-~ (") -
betawd, collSion s elaghc, we narz !v\wv\ Cfe-c ’{r’ 9.2 )
Vi - U‘Io =~ (U - Vo) --— (& ,
W‘M (74 J\’.‘ﬁ Wy —-> way Ui =Wy Uz = -y Vg Ay Vg
Nvw a.M U)fl’(g ;) W

Vi + (=¥ Uge = QA\—P‘M) Uas

.

(24-)6) (-?{3

2 wyVie o (wnn =) o.%; = 2 (1Y (W) +

=> UQ-J-"

WAy 4 W oé 2.1

=~ 3.12 wls ""’UM—

R Sol‘h’- L’-@ g‘f Ul,f-
A _ V¢ Y
e Y U‘-ﬂ- o> W= Vap

2z — 65

Vo' =Y

=> Up = 2IZ*H+(2§)
- _%.3% W"b‘ MrM

~



{8} Dmermtue the velocity of %)iock 2 iimrmg t%z&t mi‘izsmn az th? msmm block l is movmg t0 the rlght wuh avc%t:}cny
of +4.00 m/5s as in Frgure 9.10b] ' '

WV 4 MUy = Wi Ui *’Mz.uz{

Solve Lo 7Y

Uu - was Ui & W V' — W Ulf

o S—

Waa

_ (1) (W (24 (—Z-S”J;_f_‘_‘f,)_@ )2 W\/;

2.1
rs cow/?w d/{—

(C) DMMl.V\C lo\d.f_ yL“S Fanle Lp\'\.‘_ SPﬂ‘v\:) qL
CovlgoV'VQJ Lk v Fav -

M ¢ cV\Wjﬂ f S

$o Loz by . .
] | T kX
= iC h x'L

= Wy (U;:; ) ~+ \MLC Uw - UL")



75 dads'ffoh! 1’ {)UO‘,JI.W\M.bkj’L

UlfSiIl 9

___{a) Before the collision (b) After the collision
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Collision at an Intersection Eathl

'Spe m ﬁldesat an intersedt vith 2 2 5_004? g truck traveling north
Figure 912 on page 266. Find the diréction and magnitude of the velacity of the
ssuming the vehicles stick together after the collision. '
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Proton- Prutnn Cailision

A protou. cotlides @Iastlcaiiy w*:th a ”%:hal is mx(mih at rest. The incoming pmwn I'ms an iﬂi{idl speed of

|
§ 3.50 X ]f}f* m/s and make: ghmcz ng Iizsmn with the second proton as in Figure 9.11. (At close separatlons the pro-
© tons exeria wj:mi%ue ei&'{:m}u‘ma fm‘w ot eachiother.) After the collision, one pmt{m tioves off at an angle of 37.07 to

'_ ‘the ariginal direction of motion and the second «zidlects atan angle of q’) to the same axis. Find- the final speéds of the

two proton,s and the angle b. : ' o
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The E&n‘t&r of I‘sﬁaﬁs (}f Three Particles

_ A systemn consists of three partmles Fuc.m.,d as shc)wn in Flgure 9.18. Fmd thf: ceni-

~ ter of mass of the system. The masses t:)F the parucles are. ml = Mg = 1 I} kg and
g = 2.0 kg
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The Center off Mass of a Rod

| {A) Show that thﬂ* center 0f mass {)f a rod of mass M .-.md length Llies mwimy
" between its ends asmmmg the rod has 3 umf{)rm mass per umt !ength
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The Center of Mass of a Right Triangle M

_ . 7
You have been asked to hang a metal sign from a single vertical string. The sign has 7“)3
. the triangular shape shown in Figure 9.20a. The bottom of the sign is to be parallel “

. to the ground. .At_"tﬂi'at distance from i%xe;__left'ieiid of the sign should ybu_‘_attach the \V/O"
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3. Atoneinstant, a 17.5-kg sled is moving over a harizoneal y h /
surface of snow at 5.50 m/s. After 875 s has elapsed, the
sled stops. Use a momentum approach to find the aver- At =
age friction force acting on the sled while it was moving, = & 75— 5
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force exerted in the xdirec-

- . . f rs 4/( bkkt-
tion on a 2.50-kg particle A “' o
varies in time as shown in

Figure P9.19. Find (a) the f avea uMM
impulse of the force over 1/~ _ ‘\ ?)YKIPL
L 2 i)
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the 5.00-s time interval, i — \ 41 ;(H—l'lN?«xH
(b) the final velocity the ©® [ 2 3 4 5 L. = K2 ¥M T
particle attains if it is origi- Figure P9.19

nally at rest, (¢) its final A NS A

velocity if its original velos- )

ity is ~2.007 m/s, and {d) the average force exerted on ___) -2 - ) 2 N g L
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ath As shown in Figure P9.30, a ﬁ,»ﬁ?f}w @U\"Sl oA @
buffet of mass m and speed v \i ' ¥“M°{.. -(_n\S&-S
passes completely through a . ; ¢S Com W\M
pendutum bob of mass M. The £ o Ewerd’
bulled emerges with a speed mo M -7 g
of /2. The pendulum bob jy =i "/ cp GA. =58
. St v /2 (24)
suspended by a stiff red (rof a U o /fﬁ( 9
string) of length ¢ and negli- Figure P9.30 ‘/4, A

gible mass. What is the mini-
mum value of » such that the pendulum bob will barely =D
swing through a complete vertical circle? b{! M
™ B.,/{s WA \
AN U . Ci
Now &WM C,ov\fa-\r»/‘-\o WLo UA‘ VpLo “j :

. = f, = UM gl L e b
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wo blocks are free to slide along the frictionless, !_‘m - {,l‘“_j U, m

adwooden track shown in Figure PU.88. The block of
mass 1, = 5.00 kg is released from the position shown, Pof\ﬁ + g ; J\AS b %c ol"*v‘f—
at height & = 5.00 m above the flat part of the track. 2
Protruding from its front end is the north pole of a Coufslb“ ) 5® L TR™ U{S
strong magnet, which repels the north pole of an iden- Ea - T =D Wi gh = M
tical magnet embedded in the back end of the block A= CR

of mass m, = 10.0 kg, initially ar rest. The two blocks W= 9‘.‘] W\-} <
= Ug = 258 =

never touch. Calculate the maxinrum height to which

m, rises after the elastic collision.
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40. A proton, moving with a velocity of u,5, collides elas- w O\"
tically with another proton that is initially at rest.

w N &
Assuming that the two protons have equal speeds after ~> D \
the collision, find (&) the speed of each proton after V . P
the collision in terms of v, and (b) the direciion of the £ %
velocity vectors after the collision. v
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45. Four objects are situated along the y axis as follows: a dC\n - i\”\-b 2 — D
[ 200-kg object is at +3.00 m, a 3.00-kg object is at “—{:“
+2.50 m, 2 2.50-kg object is at the origin, and a 4.00-kg v
object is at —0.500 m. Where is the center of mass of cx 0 + U X (—0'5) )
these objectsy 5 42
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4%, A rod of length 30.0 cm has 3 \ L = O Iwm

linear deosity (mass per X ;&\n
length} given by '

X
A= 50.0 - 20.0x 0 X

where x is the distance from one end, measured in
meters, and A is in grams/meter. {a) What is the mass
of the rod? {(b) How far from the x = U end is itsk:emer
of mass?
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