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Apply the relationship between a particle's kinetic energy, mass, and speed as K= 1 mu?, measured in joules (f) or Nm Example 5.1 131

o Q5.11/5.19] 150 l

K =§mvz A8y g aneal) ALS g AS ) Al (s ABMa) gk

1) = IN.m = 1kg.m?/s* : Js adail) 38 dBUal) Ll 3aa g a2 g
4S Hall 4slal)

@ﬂ&ﬁ@h)ﬂd)ﬁm1’dimm JJLJJ‘-L%Y$“HM)J1L’!LEM

) | P
Emv‘

g =
! e A4S jal) AUl Addas
ﬁﬁﬂé@ﬁﬁa—-@l‘&ﬁ&n%d}hl—_uﬂuﬁ;:wlm-1
) A e g e g Lk T sl A8 e -2

J=N.m=kg.m*.s*

1

IPLE 51 | Falling Vase

PROBLEM

A crystal vase (mass = 2.40 kg) is dropped from a height of 1.30 m and falls to the floor, as
shown in Figure 5.7. What is its kinetic energy just before impact? (Neglect air resistance
for now.)

L“J-.:,-. &’:ﬁ-ﬁlﬂ 5.1 J s

-

Wl
5.6 S § pise sa LS o ¥ Lle 130 m gl e (2.40 kg = LaliS) 4,050 cdaau
0V elag) daglas Jals) 95,50 o, ¥ pladasa¥) L3 &S 41 Lgadls L

oSles lla o Ugasti Y 1 A 3 o ki 3L
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2
5.11 Jack is holding a box that has a mass of m kg. He walks a
distance of d m at a constant speed of v m/s. How much work, in
joules, has Jack done on the box?
$obus anl de s AM a3lics 2o .MKG g5lus aliS Lhgais > clug 5.11
sl gganal) Lle Wls Ay i) Jatdl jlazs Lo .vM/S
o (€ %mv2 (c mgd (a
—smv (d —mgd (b
3
5.19 The damage done by a projectile on impact is comelated with its il S, 31 My caski ase Nying oo sill yall by 5.19
Lmeeuccu]energv Calculate and compare the kinetic energies of these three L o8y ligiall aig) &5 3) il
projectlies.
300m/s i s & 5 10.0 kg S oo (2
3) 2100 kg stone at 30.0 nvs 600 / ﬂ10’oacj Bt (b
UM/S e oo J 551000 g Lk 5
b) 2 1000 g busball a1 600 mis e s 000 b iongn S
¢) 2200 g bullet at 300. m/s 300. m/8 e s 2 x5 200 g S 2ol (€
4
A 200 kg moving tiger has a kinetic energy of 14400 J 48 2l adlh 5 200kg 4:\.\:5 A
14,400 ]. What is the speed of the tiger? fa0e 104 La
A. 85m/s
B. 12m/s
C. 72m/s
D. 144m/s
oSile s mlla (ga U gusii Y 2 Al e Cashisla
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2 Identify that electron-volt (eV), is the kinetic energy that an electron gains when accelerated by an electric potential

of Ivolt Student Book

131

S ey Ladie (59 ) LgaslSs (A1) A8 ) A8 gl e (eV) g (09 SSIY) B g iy
cal g a9 0 lika 3¢ (34

1 eV = 1.602x10" "]
1 Cal = 4186]

1 Mt =4.18x10" .

Figure5.9

134

Show that the work done on a particle by a force F when the particle undergoes a displacement 4r, Is given by the

scalar product: W=F-4r=F4r cosa. Concept Check5. 1

134 3

Q[5.9/5.15/5.17)

150

W = F.Ar = FArcos@

bl Gyl (5 g A7 Al ) ASs AT F 5 g8 iy ama o Jgduall JRN O o G ey
e sall daa 8 Aol 3Y) Aadal

A0 5 8 4las all Jadll

dal Y Aada A5 gl Aadial i) G ) g3l

I)M —— —
l l j 90 < 6 <180 0<6<90
6 =90° d=0 Fpee =0
pSiles mlla (e U gaaii Y 3 Al 8 ghad 3L8
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Concept Check 51

Consider an object undergoing a
displacement A7 and experiencing

a force F. In which of the three cases
shown below is the work done by the

5.1 pealal) das) .o
&HSesAFb')."JQ-\-ip-ﬂ—?.},Sb
aJdid) QW'QY&'yéiQ.ﬁB 2
pead | e 3oal) azdis ) Jald) 5eS

A

force on the object zero? " s
F F
= ; 1 X ;
AF AT
o ()
F 2
- ) ol F
AF - E >
AF
®) "
(b)
AF
I." AI:
>
() F
()
v.S:nl.r_.\clL..aQ..l.‘:,»,g:ﬁ\J A0l 38 (s gl 3l

New Section 3 Page 5




6

5.9 A particle moves parallel to the x-axis. The net force on the particle
increases with x according to the formula F, = (120 N/m)x, where the
force is in newtons when X is in meters. How much work does this
force do on the particle as it moves from x = 0 to x = 050 m!

3 75] ¢) 30] e) 120]
b) 15] d) 60]

Xa......d»' 3,580 352l dlasus sa 3 X),;ly°)',JLp.pJ,au 59
X ol L gl g 9| i oo Fo = (120 N/m)X iiall Gy

0 s Lasce bl e gl i i il Jitd) sl All 3oy

=050m Jx=0
120] (e 30 (c 75](a
60](d 15](b

7

about the particle’s speed!

5.15 If the net work done on a particle is zero, what can be said S LY Dy ol g e Jpid) Ji dlang il 13 5.15

Sonad) e s oLl g 046

8

its orbit?

5.17 Does the Earth do any work on the Moon as the Moon moves in

OJ‘M‘QJQ-\JLQ.HA,@AJ'U.LLJ_LHJ'QA)|M.46' )'g',J..\.uJA 517

Define power as the rate at which work is done or energy s transferred. Student Book 14
= : : . : 4
4dUal) JU) Jara ) Jadi JA Jara Lgd) o 808N G s
oSile s mlla (ga U gusii Y 5 Al e Cashisla
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( 30 iy QR Aia ) ) Jy Jora :p 5 il

W dw
t dt

W=]/s=kg.m?s3 S an ol

1hp =746 W

kWh p sl Sl g B A (bl Claa g

1kWh =3.6 x 10°W.s = 3.6 x 10%]

(1) Apply the equation (W=F-4r=F drcosa) to calculate the work done on an object by a constant force by taking the dot ‘.’_'us
product of the force vector F and the displacement vector Ar £

(2) Apply the relationship between average power, the work done by a force or the associated energy transfer, and the time Q(5.26/530/532/533] 151 16
interval in which that work is done, or energy Is transferred (Pavg = E)

O a8 Jodiall Jild) Gl (W = F.Ar = FArcos@ ) 483a) 3 -1
da) 3Y) Axlia 8 5 4l dadal el G il

(Pavg =) Ga3ts dssall Gl s 5580 Jaus g o ) 3y -2

9
5.26 A force of 5.00 N acts over a distance of 12.0 m in the direction

of the force. Find the work done.

Jadall JEaI asq) aed)) olS) 312.0m &Ll 500 N 553 558 5.26

oSies i (he U gusii ¥ 6 Ay 3 Lo ki 3L
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10
5.30 You push your couch a distance of 4.00 m across the living room floor

with a horizontal force of 200.0 N. The force of friction is 150.0 N. What is
the work done by you, by the friction force, by gravity, and by the net force?

aad) sgm adual) 38,2 dusn )l Le 4.00 M dalus ey )l cads 5.30
dis g Jasdl jane Ld 150.0 N g5lus SUS2>¥) 563 alS 13].200.0 N
Cagall ilasuey lSi>¥) 393y ol

11
#5.32 A father pulls his son, whose mass is 25.0 kg and who is sitting on
a swing with ropes of length 3.00 m, backward until the ropes make an
angle of 33.6° with respect to the vertical. He then releases his son from
rest. What is the speed of the son at the bottom of the swinging motion?
iags o >93] Lo alog 25.0 kg aliS 1l o)) ) ol sy 5.320
gy JLb ) s i al) )i 31 1 509 300 M Lyl JLow
i) aie oY) ey Lo spSall 3 il i1 5,0 g8 o gl J) ) Le 33.6°
S i) &5 41 3 g

oSies i (he U gusii ¥ 7 Ay 3 Lo ki 3L
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*5.33 A constant force, F = (4.79, —3.79, 2.09) N, acts on an object
of mass 18.0 kg, causing a displacement of that object by r = (4.25,

3.69, —2.45) m. What is the total work done by this force?

180K wliS pus § F= (479. —3.79. 2.09) Nazts 353 355 5.33
gl Jasdl Jler) Lo .7 = (4.25.3.69. —2.45) M ol ) 1ia >3] § oy L

Sagall 0ia alis

(1) Caleulate graphically the work done on an object from an initial to a final position using a force versus position graph. Figure 5.13 139 ] ’s
(2) Solve problems related to work doae by a general variable force. (.1‘:‘
(3) Apply the work-kinetic energy theorem to situations where an object is moved by a variable force. Q[6.78] 186 1 7

Ll 5 e 568 AJMS (o 3) Jdd) cansns -1
5 ysiia 3 gy Ao 4 Jileas Jay -2
A8 el Al Jald) 485 gy -3

oSles lla o Ugasti Y 8

Al 34 i
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6.78 The graph shows the component (F cos 6) of the net force that
acts on a 2.00 kg block as it moves along a flat horizontal surface. Find

a) the net work done on the block;
b) the final speed of the block if it starts from rest at s = 0.

B 3 55 A alad! sgall (Fcos 6) ad,l) sl Jil) poy 6.78
s>yl gins 2 phaw e o5,5 21 2.00 kg s

il Gle Joid) Jisl) ilass (@

8§20 we oSl ping (0 s 13) Clal) asled) ae ! (b

30F

20F

1.0+

IF cos @ (N)

0.0 ! } ! | )
10 20 30 40 50 60 70 80

-1.0F

=20~

oSles lla o Ugasti Y 9 A 3 o ki 3L
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A railroad car with a mass of 200 kg is
traveling at 20 m/s.

Find the magnitude of force the breaks
must exert to stop the railroad car in10 m

4 s 200kg WAIS Ada ASu &y o AT
Sal Al LA O s Al 3681 ke 32 20m/s
10 m g Apaal) ASul) & o Ay

15

Anas uses a horizontal force of 20N to push a 4kg box along the a
horizontal surface for 3 m, then lifts the box up to a shelf 1 m high.
?What 1s the total work done on the box

a8lie JL‘\ C_‘a.;_. ch (4kg) PRI Uj.‘..‘.m &‘-\3-1 (2()N) a )\_\L 47353\ 3,5 uu.;\e_};_u_x KT
e Jsaall I Jadll e (Im) gl (e b)) ) 3 5auall 28 5 25 (3m)

16

?statements 1s true

[f positive work 1s being done on an object, which one of the following

flagaaa (S5 0N Sl jLad) 6 L ge assadl e Jdadd)l Jaldl \S 13

I ~
: FEncergy is being transferred to the object ia
E *“""‘A"'~ ) u—“ A3l _}.Iu.u‘:
: :
SOy S p——: |
Encrgy i1s being transterred from the object b
maand) ye A3UN Janss
I'he object is moving in the positive x direction | .c
__x.;,‘.hx ),;.4»\4_3\\’3(;.._-.;_“\;‘);1_;
I'he object 1s moving opposite to the force | .d
5 gall olal) eSms sl & jany
Siles b (e Uiguaii 10 Al 58 gkl sl
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17
A car of mass 1000 kg is travelling at 20 m/s. If a braking force of
S000N was applied to the car, what 1s the distance that the car moves
2until 1t stops
s jlaie Sl (e 858 Gkl a3 13) (20m/s) Ae jons & 255 (1000kg) LeAlS 3
€8 5 Ol ()8 ladl LS jarin ) Al L elgala 5 jldl e (S5000N)

18

A crane developing 8000 W raises a car of 1600 kg for 10.0
m vertically at a constant speed. How much time does it take to
?complete this task

ey il ) 10.0m ailed 1600kg 43S 3 s 23 55 8OOOW 5 yasy Jant dail )
(.':\Aé.ah PRV r.L.JY é)i::...'a.“ J‘)n L :\:UU

19

A bullet enters a wooden block with a kinetic energy of K, and loses
half 1ts velocity as 1t goes out of the block. What 1s the kinetic energy
>0f the bullet when it goes out

Oe e 53 2ie Lo ju Caual 2685 5 K A4S s 48Uay 4003 A ) dalia ) Jas
¢ <) w@,»Ml&L&)ﬂlﬂS)ﬂ\dUah@bAﬁ\

oSiles b (e U gusii Y 11 A0 58 i gk Lk
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A car of mass 1800kg starts from rest and reaches a speed
of 30m/s in 10s. What 1s the average power that the car's engine during
?this time period

- (105) & (30m/s) ) e yus Jaaiy (58l (go S pn 1 (1800Kg) L€ 3 o
?&“L\c\.ﬁ‘ 3){::....'}\ d);afu.‘.;h):u e L

21

Ali 1s pushing a wooden box of weight 78 N for 2.0 m on a rough floor
using a horizontal force of 120 N. If the total work done on the box

1s 190 J, what 1s he coefficient of kinetic friction between the box and
?the floor

58 Lasiiun 088 i e (2.0m) Alsdl (78N) 45 Gndia B poina e ady
Jalaa L ¢(190] )3 siall e Jsadl <) J.J\ O3 (120N) o Hlass 4l
Cipn V5 G saiall O S el iy

oL

ke wlla e Lisuii ¥ 12 Ay 58 Caghad

.
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Relate the work done by the gravitational force and the gravitational potential energy for an object lifted from rest to
aheight has: AU, = -W,

Student Book 135

| h gl I oSl Gadad )y O anal Auilall g gl 8l ilal 5 8 alng Al Jadll o Ty 5 2
AUQ =—Mfg ;:\31:.“&;

1 [
Yr -
T;}F d.ﬂu‘f‘n.m;ln)n ‘_,lc‘y'?.‘.u_;@_} L’ms'l(u.ud_)a
h
Yo Yo J— )
r F i a5l dalla
1 ..
AP sl
.‘I o
li’n':(l W, <0 ‘.l..).ﬁ (é.ln dﬁ.:l.“
(@) (b) apilalis
Example 53 141
Apply Hook's Law to calculate the spring force, the spring constant, or the displacement of the end of the spring Solved Problem 5.2 142

knowing the other two quantities.

Q[5.42/5.43/5.44)

151 6

ALY 0 By A N1 5.8 om0 Gy

Solve problems related to work and energy for the spring force

Student Book 168
Solved Problem 6.4
Q6.4B/6.49] 184

169 10

S5 0 580 ARy il Ay Jisne (I

oSles lla o Ugasti Y 13

Al 34 i
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3 ok By W ke 933 ) e paigaiasd duigh

o

Fy= —kAx
F e

® '\)\}J\/»’J»'J\/\/»'u'?l‘ Ra ) Sl & i 1 5 8 () s Al 5 A2V
@ l\/\/\/\/\/\/\/\/\/ W &t‘]“ ko el
o By ki

© IA‘MW\“(MH : L or ]/mz Al Saag

\ \ ' m
o X X ‘

500 A3 3y Auaigll a g S0l £ 5i o diny

22

!
A spring has a length of 154 cm and is hanging vertically fomasup-  (S44a 1G)1) aule et a0 Ll 54 €M dibs oot
port point above it (Figure 5.153). A weight with a mass of 0.200 kg ‘S J‘S..J) Z’L_‘_' s 0206‘k. :.LS i q "h ™ "Ji‘
is attached to the spring, causing it to extend to a length of 28.6 cm th ol (> Iyl a0id UL I S i a3, § g

(Figure 5.15b). What is the value of the spring constant? ) cub ded azy) (.Mb JS21) 286 cm

How much force is needed to hold the weight at a position 46 cm ol T e

above —28.6 cm (Figure 5.15¢) 46 0m iac 286 (M gt s g e Jatl el “))tj(' 53?4“ )';J;
(2.14C S

.....

oSiles mlla (ga U gusii Y 14 Al 58 i slad sl
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A massless spring located on a smooth horizontal surfice is | LUV ude! a8 ph le poss A e I o6
compressed by a force of 63.5 N, which results in a displace- 435 em e 2513 L i 635N e luaa 553 2y
ment of 435 cm from the initial equilibrium position. As | 37 <3 15 Jsal g oy 9 LS o plasad) ol pnga e
shown in Figure 5.16, a steel ball of mass 0.075 kg is then il M § 6l ol 0.075 kg Lk s
placed in front of the spring and the spring is released. ol

Lo polis alad wie gl i)l Lpaday Loscc asaall 3,90 e Lo
isaal) 3,8y pall o SN plasl o 281) Sl i)l od
(05 ol 9o gl le o i dsaal) 3,51 Jd

@ M’JJMJJJJMJNNNﬂ

X, Xy

® M\\‘\‘t‘t‘\“‘k‘k\‘\\'&'\Wt’%‘

v, =0

@ L‘W W E z ; ‘

24
5.42 An ideal spring has the spring constant k = 440 N/m. Calcu-
late the distance this spring must be stretched from its equilibrium
position for 25.0 ] of work to be done.

o o i B0Lall sl K= 440 N/M 05 2o ) e 5 5.42
250 J Jis Jid &l page e o) Lasa

aSite s zlla (e L gusii Y 15 Al 58 o gl 3L
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5.43 A spring is stretched 5.00 cm from its equilibrium position. If
this stretching requires 30.0 | of work, what is the spring constant?

Jid sacl Via culisd 130 5,00 CM a3Lue )35 pnge o &) 3042 5.43
2,00 lia cult Lb.30.0]

26
5.44 A spring with spring constant k is initially compressed a dis-

tance X, from its equilibrium length. After returning to its equilib-
rium position, the spring is then stretched a distance x; from that
position. What is the ratio of the work that needs to be done on

the spring in the stretching to the work done in the compressing?

&5 piage e Xy ddlal Slasl blia¥ kel o) colis & e) ga,0 5.44
Lt Lo gl 1in (e Xp @lue o)) a8 @3] poaga J] 835a)) any
Sadalicas) (Ll Joid! Jadd) J) osa oldl & s3]l Jle iy coglhall Jild)

pSike.3 el (3o Ui g ¥ 16 gy 3 i ol 5L
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In  favorite circus act, called the "human cannonball a person s shot from  long barrel, usu:
ally with a ot of smoke and a loud bang added for theatrical effect. Before the lalian Zacchini
brothers invented the compressed air cannon for shooting human cannonballs in the 19205,
the Englishman George Farini used a spring-loaded cannon for this purpose in the 18705

Suppose someone wants to recreate Farini’s spring-loaded human cannonball act
with a spring inside a barrel. Assume the barrel is 4.00 m long, with  spring that ex-
tends the entire length of the barrel. Further, the barrel is upright, o it points vertically
toward the ceiling of the circus tent. The human cannonball is lowered into the barrel
and compresses the spring to some degree. An external force is added to compress the
spring even further, to a length of only 0.70 m. At a height of 7.50 m above the top of
the barrel s 2 spot on the tent that the human cannonball, of height 1.75 m and mass
684 kg, s supposed to touch at the top of his trajectory. Removing the extemal force
releases the spring and fires the human cannonball vertically upward.

PROBLEM 1
What is the value of the spring constant needed to accomplish this stunt?

PROBLEM 2
What is the speed that the human cannonball reaches as he passes the equilibrium
position of the spring}

bpd il e 0.4 U Ul
—

oo 0 ant ) g i il e ey S i iy S 885 3
4.1‘,1;,»,..p.luim‘;.;,ay_,bd'.,.,.s,ual‘.m“ &,]n
Al S te § dadl i) GbY byiall dyl s S Jed g ol g
Slists § ol iyl i)l Bl oy lidas puld e Y pasial )
el g

PR I s i ) il 8 > g8 o] 3 e Lok ) o 0
Dol 3365 375 e gioeg BOOM iy Ly o f 8y Joag I plasid
J,.J'..,.“_,u,_,_;s...w,,au 0 Lol g 5 ) i) Sl Jua )
uoa,!_ﬁ-mu l_uo))J‘_",u)'Lu&al.ar”_b‘)u,.:J'M' w..u
ol golal 30 33 750 M gl ey st 070 M 5 8 S ) il
sic BBAKG sy 175 M Y A0 & 2 il ok f ol o i) § i a2
el by il il callsdly ) 35 o 8 i) iy Ll § i e
1l
tlaled) 28 31 in pid dsglhal) o)) b dud s
2 Wl
0l ) eas Lagg e aie i, il il ) Jus A el L

y(m) () (b) () () (e)

T 58 1 [ 358 ERN W (RS B [P

oSie s llia (o i guii Y 17
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6.48 A block of mass 0.773 kg on a spring with spring constant 239.5 N/m
oscillates vertically with amplitude 0.551 m. What is the speed of this block
at a distance of 0.331 m from the equilibrium position?

das Ly sl 2395 N/mM wubs &0 e 0.773 kg wliS I 6.48
Tol5Y) psge o0 0.331TM d8lis Lle CJlall lia de w0 L .0.55TmM

29

6.49 A spring with k = 10.0 N/cm is initially stretched 1.00 cm
from its equilibrium length.

a) How much more energy is needed to further stretch the spring to
5.00 cm beyond its equilibrium length?
b) From this new position, how much energy is needed to compress
the spring to 5.00 cm shorter than its equilibrium position?
o< 100 em asls ilal JS2 k=10.0 N/em sy 65 505 6.49
al5) Jab
Jsb e 500 €M J) 030 wad asbyd p3300 3Lyl 2l s Ls (@
Sl
dyb Jud & o)) dolias¥ o3I d3Ua)l jlazs L .vad) p34l0 1in oo (b
@l page 3 5.00 €M

pSike.3 el (3o Ui g ¥ 18 gy 3 i ol 5L
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i1} Calculate the gravitational potential energy of a particle -Earth system (U, = mgy)

toa height has: AU, = ~W,

(2) Relate the work done by the gravitational force and the gravitational potential energy for an object lifted from rest

Example 6.1

155

Solved Problem 6.1

156-157 ‘7

Ug =mgy ;mﬂlo‘ubjy\‘,‘uqdionoﬁiﬁemﬂ@hbji ea‘,."f:lil.ht_hu:\_l'_ |
h gl ) I O Sadl Gadad ) (e auuad Ladlall aa gl A8l Andlall 5 58 alas (AN Jall) G day
AUg — --% 433l Oe -1

30

EXAMPLE 64 weuhtllﬂlﬂg

|pe——
PROBLEM

Let’s consider the gravitational potential energy in a specific situation; a weightlifter
lifting a barbell of mass m. What is the gravitational potential energy and the work

done during the different phases of lifting the barbell?

Ja¥ W, 6l

b g 2 Lo M S ity Jui) ) i i § 20 gl il § S
) e o b8 100Gy Jasly

il

U, = mgh

] W, = =mgs

oSles lla o Ugasti Y

19

Al 34 i
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31
SOLVED PROBLEM 6.1 >Power Produced by Niagara Falls

PROBLEM

The Niagara River delivers an average of 5520 m” of water per second to the top of Niagara
Falls, where it drops 49.0 m. If all the potential energy of that water could be converted
to electrical energy, how much electrical power could Niagara Falls generate?

Iyl YA e AL AU 6.1 i gloue iiune

alad!

laas o sl 3 5520 M 1l 0L 3 J) Lo s e 3,080 olel) &S aogie il
Rila ) old) e aeeS)l 0in ope 2ELI) gungll 23Us JS Jag oSl 15) .49.0 M glasyl pe ol
Orls AL Lo of oSe () &l g1 2L Sl L3 .2l S

(1) Identify that the work done by a conservative force along a closed path is zero: W, .5 + W, = 0.
(2) Identify that for a particle moving between two points, the work done by a conservative force does not depend on Student Book 157-159
the path taken by the particle : Wi, g pars . = Wia—s 5y pan 8

o (5 s 41 Gl jlusa (8 Adalaall 3 all e Jshaal) Sl o ey -]
Wa-p) + Wip-a =0
Snall (S8 e ainy Y Aol 5 00 4135 o Judl of e iy <2

.
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+ aldlad)) 5 gl el gd
Sl J5 o adiag ¥ dlia L DA ddailaal) 5 gl AJAS SN Jadd) 1

¥ e e wA“.B: - WB—A 2
E— <t o)
= ; : WyptWpg=0
T ¥ ! ] ,H I '/;
[9 T | I\@ WPy PR PR WP T (LR
< 3
(5] ) ]

(A ghae A0S0 Al ) A0Sl Al B aib Gitay Y -3

e g b (8 38 gdual) Jadd -4

State the law of conservation of mechanical energy: "For a mechanical process that occurs inside an isolated system
and involves only conservative forces, the total mechanical energy is conserved;
BEpen =8K 43U =0 or KelU=K, + U,

Al (555 J 5 e pldai 35 Addlaall (6 ol dpaailly ; il o ASlS0al) dalall Jaia () 5318 o jay

Student Book 157-159

s e RS
AEpecn = AK + AU or K + U = K, + U,

Apply the law of conservation of mechanical energy for an isolated system (no external forces) with no dissipative Student Book 167

forces involved. to calculate different physics quantities. Figure 6.1 167 1 l

(o= A )1 (g gall Aliana) J 5 jre sl AC0HS0A) dsUa)) ada () 938 Sk

oSiles lla (e U gasli Y 21 Ay 5 il 3Lk
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A Al s o 38

DS Al o 8 252 A
E{'=E,{

K£+U5=KI+UJ(

AK=-AU=W
AK+AU =0
AE=0
32
ulﬁ‘luiiém 401 auaad AUl &) a3 i) JSE ua gy
B (10m/s) W )ska 410) Ay
1 i
121 s "’-LJ s
. ¢ had JS gty A Al e -1
aay) Jadl)
4' £
GauN¥ hal)
0 05 10 15 20 25 30 35 23N bl

(1.0'5) s3m 2y 405 pusdl] &5 pus a2

oSles lla o Ugasti Y 22
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y

Yo

(5)

(4)

1
(3)

@Y

(2)

............................................

oA ) Al ST Aia pung il e
S SIS dsh o

2 EWHY) Gadd (e GUaind ALK i Lagl (1 S

¢ pa¥ ) S{,iJA:Qu BNIER
?ﬁ\kﬂ@g\ﬂ&a’i&ﬁﬂ\é\ o
a8 g : (3) iy S b o

(IG mvd) = G mvd)) =ma, (x - x, )=F, Ax=W).

Show that for a one-dimensional case, the work-kinetic energy theorem is equivalent to newton's second law

Student Book 135

12

sl S () el ( ASE (A8 jald) sl - Jadll) 4y 500 Jolad aal g ey S adl e G

34

5.13 The work-kinetic energy theorem is equivalent to
a) Newton’s First Law.  d) Newton's Fourth Law.
b) Newton’s Second Law. e) none of Newton’s laws.

¢) Newton's Third Law.

9 slyd g B ged (©

aS,3) Blally Jitd) & ks Jols 5.13

Jo¥! Gss el (@
) igs osld (b
LB a0 opld (C

) s opl (d

oSies i (he U gusii ¥

23

Al 34 i ol
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Etor = Emechanicar + Eother

W, = AK + AU

dc pull ania 36 gl asial ulill O jually 4plaalll 5 sl sasy -]
dhilas yall o il 2 ga y 3 dslhall dalis ) JISEY) 5 4SS0 dalally 4Kl Qs Ly 5 -2

dladlaall e (g8l 2gay B AU Jalll &y Hla) aladfiul aeey -3

(1) Determine the instantaneous power by taking the dot product of the force vector and an object’s velocity vector. Solved Problem (5.4) 147 u_ﬂ ",S

(2) Relate the total energy to the mechanical energy plus the other forms of energy in the presence of nonconservative 7 .
forces:Eyecar = Emechanicat + Eotner= K + U+ Eqgner. Solved Problem (6.6) 176

(3) Generalize the work-energy theorem, in the presence of nonconservative forces: Wy = 4K + a0/ Q[6.55/6.56) 184

33

pedal up the same slope at the same speed?

A bicyclist coasts down a 4.2° slope at a steady speed of 5.1 m/s. Assuming a total
mass of 82.2 kg (bicycle plus rider), what power output must the cyclist expend to

oo kS Jls) o Luis 280 15) 5.1 M/S ab demn 4.2° dghy Jug Vjasie dnlys S)) Jags
it jasd) saad 75 Lhin of e 2 830! Jls) L (S as)jul) akis) 82.2 kg
' ' Sl il

oSies i (he U gusii ¥ 24
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A boy on a sled starts from rest and slides down a snow-covered hill. Together the boy
and sled have a mass of 23.0 kg. The hill’s slope makes an angle 6 = 35.0° with the
horizontal. The surface of the hill is 25.0 m long. When the boy and the sled reach the
bottom of the hill, they continue sliding on a horizontal snow-covered field. The coef-
ficient of kinetic friction between the sled and the snow is 0.100. How far do the boy
and sled move on the horizontal field before stopping?

Vil puall dliS s CJ--"-'uk-"J-'JM' I #rag oaSll gy e 1as ia¥) e S,
JU) phoss Jobs o Lo umn 38 Gle 0 = 350° JI Slasa) &yl ilsy 230 kg Lis
il omuuy;l@u,hm Lsld . Jo)l s J) @Yl eal) Jay Loaie 250 M
grall (g5 e 2 3Ll L 0100 plilly a¥3)) g S, SlSa>) Jaleo iy il sllais

Syl L3 aadl) aslal) e a3l

|

=

BN o
Ny |

36
6.55 How much mechanical energy is lost to friction if a 55.0 kg skier | LS e’ i S 13 SV o s Al S0l Bl e L 655
slides down a ski slope at constant speed of 144 m/s) The slope is 1235m | yisall Jyb ob Lle A M/S &2 e gl jania oy 550 kg
long and makes an angle of 14.7° with respect to the horizontal A gl W7 &yl sy 1235m

aSite s zlla (e L gusii Y 25 Al 58 o gl 3L

New Section 3 Page 26




3

06.56 A truck of mass 10212 kg moving at a speed of
274 m/s has lost its brakes. Fortunately, the driver

finds a runaway Lane, a gravel-covered
incline that uses friction to stop

LgoulSa cillawzd 27.4 M/S ic oy o5 10,212 kg LekiS oLt 6.56 «
sadl Slade jasie e 3)le gl Lol Ly de @ladl asg  dad) pud
oia 3 JSA st L) ia Jio 3 dsls MY SsY) pasig ooy
Jolaa guaslly 1,239 gozaal) aa 0= 40.15° dpgl; pisall giuay N3
AKX jisall Joba e ablad) Lo s lid) o lhs) oo 0.634 s>
' fpadys S dao Ll Lyaas

(1) Calculate the elastic potential energy of a mass-spring system: U:;k:‘ Solved Problem (5.2) 174
(2) Apply the law of tion of mechanical 103 - system to calculate different physical tities
(springmns‘:a:v.(:i::br::m‘z:llf::mcquilcibr::ren?os?ti:::rssvesl‘::nt:aun:d:m ucrnother)l. - i Q[6.48/6.49/6.50(a)] 184 19
1 TR Lok B -
US = Ekxz é‘).u)]\dﬁ\ ‘,LLJA.,:.:,)A\ t.a}‘“\s\.lah_lua:! -1
- .l.. " “
pSiles el (e L guai ¥ 26 Al 58 sl 3L
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46.50 A 5.00kg ball of clay is thrown downward from a height of 300 m
with a speed of 5.00 mv/s onto a spring with k = 1600 N/m. The clay com:
presses the spring a certain maximum amount before momentarily stopping.

a) Find the maximum compression of the spring.

i 300 M glis) 3
S sl Jlalall s S baizs k=1600 N/m b 6 L 5.00 m/s

Jad g1 22l 5,00 kg kS JLala 5,5 650+

sl il L3 s el
2530 blia) il a5 (@

39

When a mass m 1s attached to a spring with a constant k hangmg
vertically, the spring is extended for 12 cm. If the same mass 1s
attached to another spring with a constant 3k hanging vertically, for
?how much length Ax 1t would be extended

AL 5 Usgec Glaa jal & oy jall o Hlall 3 Lguds ABCH Gidas 2313), 1 2em laiey
¢ Ax aallail LR Q)S..}A..?Sﬂc:%k

aSite s zlla (e L gusii Y 27
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A conservative force 1s moving an object from a point A to a point B
en back from B to A over the path shown in the figure. Which of the
?following is not true

Ao A A B O 4 82all BB Akl ) A Adalill e saes Gl jaty Aadlal 5 48 o 58
Ydagaia b AU ) Ll e gl JSEN 8 s pld) L)

Work done from A to B = Work done from B to A i
A S B Oe aall Jiil Jyad) ol =B A e psaadl Ji J gapat Jallh

Total work done on the object =0 b

0= ausal e J ol ;‘.lSl\ Jadll

Total mechanical cncr%i is conserved for the object .c

Wark done from A to B is path independent
Sl Je aday Y B (A A O asad) Jiil J gasad) Jald) 1ok

41

A block with a mass of 2kg shides at a constant velocity 0.5m/s on a
horizontal frictionless surface as shown in the figure. When the block
collides with the spring it comes to rest and the spring is compressed to
the maximum value. If the spring constant is 200N/m, what is the

2maximum compression (Ax) in the spring

9 LS SISy e \?_Eé‘ :r_l;.. e 0.5m/s Al de 2kg la Hlase 4l 3l 55
\5,4.5\deﬁ)\m(;g,_as,s'@u.ﬂ)@um\a;‘a._a:um JSA) g
Y(AX) & ol bl ail jlaie Lad ¢ 200N/m &y 3l S 1)) dag

.

2y
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A 500g ball 1s thrown vertically up from Earth surface with an initial
?kinetic energy of 147 J. What 1s the maximum height the ball reaches
la jlsie 400550 A€ ja A8y lei ) U gae i V) mhass (ge 500 LealS 5 S caid
¢ 5 SH gl Juaiius L5 )1 ol L (147))

43

A roller coaster starts from rest at a height of 10 m above point A as
shown 1n the figure. If work done by frictional forces is negligible,
?what 1s the speed of the roller coaster at point A

&gy 9 LS A Akl (35 10m gl ) e O Sl (o 38 jal) ¢ paill sy
¢A ALl vie JUaill de jus Lad ¢ Slaga NSIYI (5 48 alis 31 Jacll S 13 <2
9=0

oSiey llia (o Ui Y 29

Al 38 i ghad sl
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Relate momentuns to Mnetic energy K= 2 Student Book 190
= Q(725] 217 13
K= 2 38U (a3 ) 48Rl 5 o 0 o o
ad 3l 4uS alf 4dal)
A s (A ) ALS Qs Jodlas | 43S 3 s ) gty ) 4B iy i)
Jdsll ulbl) Baa g
Kg.m/s 1] = 1IN.m = 1kg.m? /s>
igaie —— Al g gl
1 Cglal)
P = mv e Emvz
) ALIS ) 513
irall 313 5 rall 3 irall
ilauda) dag ) 31833 i) A8y ) 13)
irall 313 3 irall

4

7.25 A car of mass 1200 kg, moving with a speed of 720 mph on a
highway, passes a small SUV with a mass 17 times bigger, moving at

2/3 the speed of the car.

2) What is the ratio of the momentum of the SUV to that of the car
b) What is the ratio of the kinetic energy of the SUV to that of the car!

s b e 720 mph ic a3 5z 1200 kg LiksS 5L 7.25
Syl ik ) L 5 e ol 8 st el s s
ded) &e s 0 213 ) S e

sia > S ) ol ¥l saata il ) 3 ld) S0 S 2 M

WS A allall ) a1 sanie il ) 5 leal) 3,3 i)l is L (@

f3,kdll

B kel iy

oSles lla o Ugasti Y

30
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14 Apply the conservation of linear momenta for an isolated system of particles to relate the initial momenta of the

particles to their final momenta at any later instant. Student 19¢:195

AR, gl g ol Y el 2 g g Yl iy 30 e |

Rl s i

Aailgl) A0C)) AS jal) Asas =Auilaiy) AK) AS al) duaS (18 i = dua A1 5 g8l Alaaa CulS 1Y) e

D opd ) pdall Ay ki .
Fretx =0 Zpixzxpfx
Fnety=0 Zpiyzxpfy

Qs Y gl A sa g g Sladlalll £) g aran (B AS jal) AgaS Bika 0 ild Guhaly o

S Jie oan e L 1 clls am ol L Lgaass ploadaisy prews ol 220!
Ja¥1 Sle) i) pataid) ool psladl) e gad) lia Gle Gl 93,Lldl &slls Lle g3,LL)
ad da>liy Hglb 5 55k pladanl (5,5 ¥) aslatll aliel go (hsY gaw LS Lo, o
Ll o o ¥ palad pul aslasl) o goul 1ia le alhang Leginss oLl glaclly 3 ,5daze
S A S Gle 8l Bl e palaly oo palas pemllaad) G300 Gual) Jsbs ol S
palazl) (b3l Geowd Prs Py

ST S ety) aslashl 3 Ligesons gslaw poliazll way 35,41 2eS goeme ol basy a3l
s gl aslgad) aea)) J) 1 Jdd) ity 5,80k polas)) J3 1 pusl) 350a3,%) eual)

(7.8) P + Pr2 = Py + Dia-

n
if E. =0 then Zﬁkzqu.

k=1

pSike.3 el (3o Ui g ¥ 31 gy 3 i ol 5L

New Section 3 Page 32




Student Book 196

Apply the conservation laws of momentum and total kinetic energy for elastic collisions in one dimension to relate
15 | the initial kinetic energies and momenta of the two colliding bodies before collision to their final kinetic energies and
momenta after collision.

219

15

Q(751)

a5 aay A O all aalaill LIS AS jall dalhall 5 aa 3l Jads () 4il8 Sukay

45

+7.51 A0.280 kg ball has an elastic, head-on collision with a second

ball that is initially at rest. The second ball moves off with half the
original speed of the first ball.

a) What is the mass of the second ball

b) What fraction of the original kinetic energy (AK/K) is transferred
to the second ball

368135 ol 6 L 0280 K L 3.8 s 751
IS0 il el s it 2,80 28,3 Mo oy
ot s 90 aks L

90 ) el 1 AK/KD el a8 4 il s o b

oSie s llia (o i guii Y 32
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Figure7.3 191 g_'fljs
b e s W ™= T 20
Q[730) 217/218
A ggae 43S Slad a5 858 o gin g ad I (3 puaill 5 adall Gy A8Blal) ol
Impulse a8l
V = Fgyy At Bl il (e A 35 Jan gia il Juala
J = Ap  (p33V) ASoad) dpas b il g gluy adal) .
Ns 3 kgm/s otdlisag
F' " j..l ave : PS'}“ éi-‘-“ a-"")h:, *
\__ Favg At=m (Ff. - F;)
’x-MX
B >t 1Oa sl Ay 35811 JalSS (g gluwy adll o
[ Iy B t,{__.
J=| Fat
t;
(Gl = 3 5aN1) Aada Jiul dalucal) 5 gbosy adal) o
adal) Jadd)
J = Py, Ot W = Fdcosf
— el g dgaia Agas Jsally (w9 Al dsas
p— 2
kg.m/s = N.s J=Nm= k!i:n = Ws
ad 3 A aadll (5 gluwy adall 48 jal) ABlall A padl) (5 gluw ASI Jadd)
] = Ap W = AK
s— 2 1
Favg At = m (vf — ;) Fpetdcosd = 5 m(v} — vf)
Cra sl Apudlly 3 g8 JalSS (g gluwy adal) A U Apaailly 5 981 JalSS (g glowy Jold)
5 7 I AF
t; Xj
riaia Jiu) dabluall (5 glow adal) e Jiad dablaal) (5 gl Jad)
(Caih —548N) ()39 — 541 )
d dw
B Px B i
dt dx
ASiles pllia e L gl Y 33 Al 58 o sl sl
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A Major League pitcher throws a fastball that crosses home plate with a speed of 90.0 mph
(40.23 m/s) and an angle of 5.0° below the horizontal. A batter slugs it for a home run,
launching it with a speed of 110.0 mph (49.17 m/s) at an angle of 35.0° above the horizon-
tal (Figure 7.4). The mass of a baseball is required to be between 5 and 5.25 oz; let’s say that
the mass of the ball hit here is 5.10 oz (0.145 kg). Continued
PROBLEM 1
What is the magnitude of the impulse the baseball receives from the bar?

PROBLEM 2

High-speed video shows that the ball-bat contact lasts only about 1 ms (0.001 s). Sup-

pose, for the home run we're considering, that the contact lasted 1.20 ms. What was

the magnitude of the average force exerted on the ball by the bat during that time?

(40.23 m/s) 90.0 Mph La a3 dc s s ) saclal) juns das s 3,5 Joacd) 3,5 5595 § ol ) o
110.0 Mph e s @y o caall) ks ) 390 o jliadl L gy - a3¥) ggaall Jaud 5.0° a3
Joesadd) 3,5 alaS 0S5 o) b (7.4 JSAU) L2 genal) o Slel 35.0° 4500 (49.17 m/s)
.(0.145 kg) 5.10 02 oblus Lia 3,50 alS i ya el .5.25 024 5 oy

1 ol

S mal) o Jorund) 3,5 3 531 a8a)) Hlazs Le

2 Wit

i pad) ) dcdly . dazd (0.0015) 1MS aiis o puinell 5,80 dwada ol de pudd) Jle goasd s
3,501 § 8,550) 392! Jawgia slane Lo 120 MS 3l uadlal) ) paia! 5 Ll o 280 ccaslll 2505 )
' Szl 1ia s cojual) ddaulys
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7.30 An 83.0 kg running back leaps straight ahead toward the end Ias i 3,5 5LaY1 ) 830 kg S il il bl el 2 7.30
zone with a speed of 6.50 m/s. A 115 kg linebacker, keeping his feet S s i i)l e elag 650 M/ Lo i e s ) b
on the ground, catches the running back and applies a force of 900 N ) L... Slall o391 § 900 N e 38 Jisy ol e 115 kg

in the opposite direction for 0.750 s before the running back’s feet ol el .,.;)Ul Lasd b of J3.0750 5 5l o 31 o
touch the ground.

Seolall el ) ol e iy i bl
a) What is the impulse that the linebacker imparts to the running back? el el ) gl e iy il Al TR

b) What change in the running back's momentum does the impulse Tl W 8> &8 15 s g ) Sl b
produce? € a1 slasd el e ol eV 8> S L €
¢) What is the running back's momentum when his feet touch the ground? e o el a3 e il Jis § ) ¥ il (d
d) If the linebacker keeps applying thg same fprce after the runniqg B S i § 3400 sy st 0 o i ) o W ol
back’s feet have touched the ground, is this still the only force acting > * ol el

to change the running back’s momentum?

.
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A 0.5kg red ball moving 1n a straight line at a velocity of 1.6
m/s collides elastically with a 0.3 kg blue ball at rest. What 1s the speed
?of blue ball after collision

g U e Lol o | Gm/s de posy puiiuss Jad 8 ) o (), 5kg LaliS ¢l paa s S
Sadliall ey el 53015 I de jur o L O Sl Alls 3. 3Kg LS eld )33 S

1.6 m/s

49

An astronaut of mass 90kg 1n his suit, 1s at rest in space. He fires a
thruster that expels 45x107’kg of hot gas at 800m/s. What is the speed
?0f the astronaut after firing the thruster

Lsise axiiuy 5 elaill & 0 Sl a8 iy cailyy e 90kg 4GS ¢liad )
a3 eladll 3 ) de ju o Lo 800M/S 4e o CALAN D) (50 45x 107 kg sl
¢l g3

oSiles b (e U gusii Y 36 A0 5 i gk 5L
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Modern cars are designed with airbags to reduce damage during head-on
2collisions. How do airbags work to reduce damage

Jand S | L) alakaia¥) el ) juzall Jalisl 40 48 _\sL..,J 33 9 e Aaall &l i)

£ pmall i) 3 sl ke

E'l'hc_v increase the collision time and thus reduce the force acting on §

ith - driver :

5pall 3 5al e JIiE LGN 5 poleadll Cye ;.).

............................................................................

G
L
§
v,

They reduce the impulse experienced by the driver during the .b
.collision and thus reduce the force exerted on the driver
\_’J\.-J\ _,.k‘— b).x,.-.“ a,ﬂ‘ a5 ".“.ln.:’ ?JL.A.\.“ PR &L-—J‘ slali, .,;.ﬂ‘ &J‘)‘.}IA Jas

They increase the impulse experienced by the driver during the .c
. collision and thus reduce the force exerted on the driver
oed! Ao 3 5 3al) 3 eal a5 UGG 5 aclealll oS (3L oAl (g3 adall jlade 3y 55

They reduce the collision time and thus reduce the force acting on the .d
driver

Gl e 3 5 5all 3 580 e I8 UGN 5 asleadll e 5 JlSS

51

A ball with a mass of 0.2kg collides with a wall with a speed

of 10m/s at a right angle and rebounds with the same speed in the
opposite direction. If the contact time between the ball and the wall
71s 0.1s, what 1s the force exerted on the ball by the wall

)asa el adc .\.:_)Sr{.i 10111/5&)‘4&153_3,5'4)\.\_;__,()_2](,5;LG:JSSE)S(,M
Sl e Lud ¢ 0.1 Jlaadly 880 G Guadtil (a3 G131 uSlaall sl de
?’5)53\\;\; Jlaall g ):‘):‘ q:‘]‘
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