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Grade: 11adv aia]] bl
Subject: Physics — SEM2 S il Al Jaadl) — el 58 3Ll
3 yaal) g Jadll g 48 jall a8Ual) » dualad) 3as 4l
Chapter 5": Kinetic Energy ,Work and Power

Kinetic Energy 4sSall 48l 5.2 ¢

S aie pus AS yao A yall A8l a8

It is the energy associated with g — 1,2 ;K>0

the motion of a moving object =

AV AL ) pa aren Jie dgaie Gl s dauld LaS o8 48 al) AL

.Kinetic energy is a scalar quantity, not a vector. Like all other forms of

energy.

&uy@%ﬁ\ﬁu\ﬁhdﬁjMJJ d)&j\@:\ﬁwﬂub&i}”w\:\ﬂ\ﬁh\)u)

1J=1kg.m?s2=1kg.m.m.s?

= 1J=1kg.m.s?>.m=1N.m

=1J=1Nm
l1ev=1.602*10%)
1 Cal =4186 J
1 Mt=4.18*10%J
Important definitions : d114ala Gy jlad v/

Giob O g ol Laie (55 Sl LSy Al A jall d8all o il s o Sl ey -1

. Avolt o2 (AL 5eS 2ea

1- ev (electron — volt): is the kinetic energy that an electron gains when

Accelerated by an electric potential of 1 volt.

Aladall J 5l (e ApnciCall 48U & 1) jall 5 el Cal -2

2- Cal (Calories) : is the energy gained from eating food

TINT 83k (e 5 e ol sale 1 kel (e Al 28l o Mt -3

is the energy released by exploding 1 million metric tons of the

Explosive TNT.

For motion in more than one dimension: (O 2ay (e ST 3 A8 all dpally
K=im’= %m(uﬁ + v + vf)= Lmwi + Lmv; + Lmw;.
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Is the energy transferred to or from an object as the result of the action of

a force.

Tl ) ool e B ) i | ol Ll (e AL JUG) Jig

> el

Is a transfer of energy from the Is a transfer of energy to the object

Object

/\ .
/ AN G T sl e © Ag) i dile g s e Sl

;ZLL'A).A

Sin(90-a) = cosa|

©0=90-a

[~ mgsino
7

o/
= Yi

{8 LS CNEQ Y Ut S

L —

Fnet,x:mg Slne:max &
= a = sin® = g cosa

N

Suppose we let the vase slide from rest along an inclined plane that has an

angle © with respect to the horizontal, for without friction

OY 558l olatl 5 A jall olatl fyn dadl 5 L3 g 4y sl N liie W1 ey BAAT -dala ddaadle

Al 58 5 (Aal ) ) JEBYL by S
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A8 alaaials AT Aa) 0 S AR 038 8 ja jall A jal) 8L ayans Wiy

Vo= 0 Ol alall aa V2 = vo? + 2a Ar s ol e WAl

= V2 = (29 cosa) Ar <

= K=12mV2=mgArcosa.

We can determine the Kinetic energy of the vase has in the situation as a)

Function of the displacement Ar . e

J sual) Jal) Aliana oo A el I culil 3l 3 jal) AUl o Jadll Cay el (38

AK=mgArcosa=Wg (1) g Apdlall 3 8 (e a5l

— T

According to the definition of work , the kinetic energy transferred to the

U

Vase was the result of positive work done by the gravitational force, SO: -

a=0 2> Wy=mgAr

a=90 > Wy = Zero -

bl (8 ) seana o Aasl N 5 Ar = |Ar] smg = | Rl oY ki (1) dalaadl

T Aal Y

—
W=F.Ar —~

From formula (1) : Since mg = |F-;'| & Ar = |Ar| & the angle o is between /
The force and the displacement SO: —

OB 658l (e de gaae JaY s

- >
Sc_aLQr /:)(oJu C E Whet = Fret AT - Sm \k_i ‘r‘é

-

the motion in one dimensional a) g 2y 84S Al

W = F.AX

the Work — Kinetic energy theorem  4S_al) ddual) _ Jadd) 4 ks

AK:K—Ko:Wnet

':> 1/2 mV2 - 1/2 mVo2 - Wnet

Joul (J) (& work Jadll (i 3as) 5 o33

Work done by the Gravitational force Andlad) 3 68 (e J gdual) Jail)

A A

_ _—A._(b)dm‘ Wy = -mgh : Height up 2suall da -]

no ™ (@) JSE W, = +mgh : falling bsaed) A 2

Yor ——C‘; Yor —'—QQ

Fﬂ FE
h 17
Fay j
y - _—v
Wg >0 T/l/’g <0
(a) (b) 3
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Work done in lifting & lowering an object:All 5 g awa a8 A Jsdsall Jadd)

K-Ko=Wg+Wr :K=K,=0

9 WF = 'Wg

W = +mgh  Lifting &4 o3

W, = -mgh Lowering J) 2 5

work done by a variable force _:ie 8 g (ra Jgdsall Jol) o

¥ Fyx)
X
Ax
X X;  Xpg1 x — 1 T
W F (x")dx
Y Tl )
=T
N Xo
=
o . * &u\a)ﬂ\‘;sd.\la.\.\ﬁ)ﬂ\ LH\}M\MJLJ -41aa M
8 _yiall
TN R0
N Aa) V) - 35 il Com Aalisal) = Jall of 6
NN
work = area under the force-displacement curve
X x
u#d-‘-suw (a) 5 13 's ” FIGL!HE 513 1de:ElIt‘b UI Il:‘l..LdILgIl:.‘b
gill amall 1 approximates the area under the curve

allas L, .,,.u Jatems ‘.‘J-ﬂ Jeadl i obtained by plottmg the force as a
< e i ction

5 = [N )
Ll (€) anl Lin e o Mdns s
inll) (€) il Ly e 3, approximation using recian-:iles of smaller

el Yaesan
i width; (c) the exact area under the curve.
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Spring Force & i3l 548 5.6 <
S Taadie 55 Y Cuay aulall Al ghay & iy Lal oS4

o UL e b sh i il g e sy Ui
3 i ,—41'."3;"“\3\‘)JM‘M‘&FJAJALASXO:OQ\}Y\
(b) -]‘L MISSSSSSSIE P 38 aladinly Cpnaall ga SLIE &yl s oyl

sl dee & | 5301 gk 3y 50 Py dun s

|
© o sy, dgaie s s gl | jlud) oladil 85 58 & i 3l Al gy
S 5 J gl Baly j e Hlasa 313 ) Y gada ga g
| S PRI =
) | |

Let's examine the force that is needed to
o [

A A R T
| k
|
|
|
|
|

With a spring that is neither stretched nor

Compressed from its normal length & take

it = The end of the spring in this condition

L . ... ToDbe located at the equilibrium position
(@, (B) 2omms X0 = 0, @ shown in the figure. If we

Gl 351l 0085 0¥ pae 2L e - U5 5 -(€)s (d) 8 Py|| the end of this spring a bit towered

- ' alessimsse  The right using an external force Fex,

[GURE 5.4 Spring force. The springis in its equilibrium The spring gets longer. In the stretching process

)f' [;;lg: ;”(S)’l sstretchedin{b)and e, adscompressed oo i enerates a force directed to the left,
ting on the end of the spring is shown 35 2 red artow, and.the That points the equilibrium position, and

ring force as a blue arrow. Increasing in magnitude with increasing length of the springal

This force is conventionally called the spring force F;

| Stretch or compress a spring.\We start

o ge el Gl dal ) laie ae bl ol ol i3l 58 laia sl g 5l

oLtV 8 () 5S35 5l 028 & ey Ol Y] pada s daals Laila ()5S & 5 305 8 olail (4 431 330
sl 3Y) 4aid LSledl

Hooke's Law: the magnitude of the spring force is proportional to the
Magnitude of the displacement of the end of the spring from its
Equilibrium position, & that the spring force always points toward the
Equilibrium position and thus is in the direction opposite to the
Displacement vector

= Fs=-kx ;kisaspring constant < s ) <l

N/m = kg.?ﬁ.S'Z.n/}/l = kg/s? & Kk sl saa) 5 )

0525481158 iy Joal sill [ 4 g paw ay Sl 1 30LY)



work done by the spring force &3 842 ddad) g3 Jgdual) Jaidl

X X X
A, — r.f-_r'l',v\lﬂfv — r(_bv\lnrv e rv v
XA Xa X
Xn
W, =—k | x'dx'=—1kx® + 1lx{.
Xo > = (@)
W, =— Lkx? -
n+1 s — — SRX
%
Ixﬂdr=
n+l1

o ; ‘f-, ;
) [ Gy ar==[rxyax

[7 fGdx = [[ f0)dx]®

= [E()] 2
L L% J'Ja_

— F(b) — F(a) power 581) 5.7
p_ dW is the rate at which work is done Jaiddl Jy Jasa &
at

Iwatt= 1 J/s =1 kg.m?/s3 Lol slb s il Ll

e S hp 1 watt = 550 ft Ib/s = 746 hp

1A/

=

?: vV

A delu /Ll LS KWhH o A8l (ulal dailds (uld sas 5 llia
T kWh = 1000W(3600s) = 3.6*10° J
P_dW_ﬁ'dF_ﬁ.d_F
- dr = dr - D — rFoCcos «
6
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Derivative §lan 51 acl .o

X) =KX X) = —
Fo) =nket | Fo=0
| FE" o=k
flx) = kx? f(x)=kx+b
£ — 1 FI{ — I,
FEY, Al ai ) s
| £ — =
flx) == J X =~X
Y 1
1 . 1
fily) = —— flr(l):n —
N +2 2yx
f (x) = gl:x) k(x) flx) = g(x) + k(x) + 1(x)
=g ’ x=g{x) T k(==
o 5 — - Fal My ﬂ{x\ =1g(x)
fG) =k.g(x) =75
(Y=L a'(¥) oy =_g.r’{x]..!{x]l—1’{x}.g(x]|
T =7 T (1(x))*
£6x) _g(x) k ok PR koo
fey==- P =105
£l g'x) i) - (g"(x))
M7k T (g(x)?
' _df
F (X) = E

0525481158 (i Jual 5ill [ At 9 Jaw S 1 L)
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Grade: 11adv i 17 (caall
Subject: Physics — SEM2 S ol Al Jaadl) — el 38 3oLl

exercises for chapter 5t Asalal) Bas Il oyl
R . - 2
FIRY
34 o Sl = CEFe

(o3 elggl) M,Lu Jals) %52l u:.,zn.. aladaa¥l b 35,40 Laals L

gt

aalall & Ld...'; Lpmsgazll LinSe L3, 3ks 4,3k l..l.\.la..a!’l b s ed) dasal) A ]l B J’ 3 gk

a-l-aLg }ﬁLlas.ﬂ—uJ:Lﬂ—uu_Ji‘sL.u-y'ouLa_anj-ha d.a_'v._.l,'d.s_,_u”dj_,.‘ll d—j‘,_:n-'d&u:.”a.l_"-‘-’..ﬂ

U"J] a_anLu_;Ilg d...lL‘;..Jl_g d...l!.u.ﬂil' ﬂ.dd-.d.! 4_|Ln_,...uJF ] adkstt nJ,...uL-.d ln.l_'-....uu ul' Lj.njil o e dJid-l

f) dagaa) 35,4 2 5a g0l 3 Lpale Lilas

vi =05 — 29(y — yo).

oy e s aasll ol Lo (d.l.»LLLI aia Eﬁl_u__,.-x SLe¥l ) aald) 3% o s Y s o Ax)

u|_=| Aau-xrtgamug..zmzws b’m— v}o—uwmr“z:%rurmr_}mﬂuu ug.‘n...u.l]

P N VT V— mJ.mJ.“JngJ—ucLu”;naJ.hJHéul'ﬂ.:ﬁJJXd‘Sﬂ

uzzvx +u§,:D+uy:v§.

ol o3 aay Jomos

2 2 E %
ve=v,=2g(ys =)

Blaalal) 8 3ol aia
AR i

K=Lmv’=Lm(2g(y, — 1)) = mg(yy — y).

) 3 as,le) a3, e pmusall ale¥) Lle Juass

K=(2.40 kg)9.81 m/s>)(1.30 m) = 30.6 ].

_EXAMPLE 5.1 ﬁ=aumg Vase

PROBLEM
A crystal vase (mass = 2.40 ke) 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
form e

10T llu\r‘v.,l

SOLUTION

Once we know the Up]n(‘ir}r of the vase just before ir'np:mt_’ we can put it into the equa-

tion defining kinetic energy. To obtain this velocity, we recall the kinemarics of free-

falling objects. It this case, it is Most straighttorward to use the relationship between the
initial and final velocities and heights that we derived in Chapter 2 for free-fall motion:

vy =y, — 29(4 — to).

(Remember that the y- ams must be pomtmg up to use ﬂ'llS equation.) Because the vase

is released

is no acceleration in the x-dlrectlon the x-component of Veloc1ty remains zero during

the fall of the vase: v, = 0. Therefore, we have
112_.11 —I—n _.I"I—!—n 22

7
We then obtain

v’ =v, = 2g(yp — y)-

We use this result in equation 5.1
-1 2_ 1 — (1. — u\

2 2 Yo
Inserting the numbers given in the problem statement gives us the answer:

K= (240 kg)(9.81 m/s°)(1.30 m) =30.6 .

2024 - 2023 (3 alall 0525481158 iusil 5 Jual 5ill / Zaa 5 2 an Sl 13GLY)



Concept Check 51 5.1 et lad) das! wo

Consider an object undergoing a NEUCTPLY. T 1Y D UNIV-S, | )
displacement Ar and experiencing Al S YL e o) @ .F 53a)

' ‘ , 5 S @it Jaadt 5%
shown below is the work done by the - e

force on the object zero?

ﬂm
ﬂ.l

=

[=
~|
[

L

!

B
=l

!
[

b

‘E..‘r
o~

=
~—

k]
J
!

(c) (©
Zyagad) 3,501 o)) 5.1 ol e
PITINY
aagl s 3,50 pluzl) o [(7.26 2155 & )8 Apasadl 5,500 lwdlio adshius

ABlal) Lo o MaW) alam oo 17.7 M azdl 2ol 5,50 coalady 182 m glasy) oo Lyslaly 43.3°

Sl A s Lo palie alad 3,500 aiy) &5, 4

SOLVED PROBLEM 5.1 | Shot Put

DoRIDI CRA
rRYwDLcm

Shot put competitions use metal balls with a mass of 7.26 kg. A competitor throws

the shot at an angle of 43.3° and releases it from a height of 1.82 m above where it
Jands, and it lands & hori tdi F17-7 mfi ] t-of release What is t
Kineti ¢ the sl i 1 he ' hand?

y(x)

A
s
Y

2024 - 2023 (sl alall 0525481158 il 5 Jual sill / 438 5 2 s Slle 1 35LY)



117 Lalss ils a0 5,800 K astas¥) a8, 4 a3lall aJis)) adalal) sad ol

— 1
K——muo

Clna o AN [pals A X Ll Lol Ty &840 &n,L sass o oF o
(3n¢:-9jll,gajum,;.hL_LmL5.ﬂl]Rd¢lll ._,L.u yL,.SJ,.;mL,J;

'I|. S 11 I I"II -1

B i fe
e T U,.,_,.'L... st JLM..W_H.H ey o Gy e il i ¥ gl

X g

Bk -
2vg cos” i

x.LS,.U D135 5Ll I3, 1T 500 ais cas
X e pppaill X=X Loase )01 el 3,80 ol JHx=x) =0 ) 0,0 alll) oin 3

e glaul) dloles g}r— 0 La..Lu:.
q

e i
OU=q, + X tanby — x; ————.
) ¥ 205 cos® 6,

U dend alal alalall sda Jou tois

LA |

s

Y + x, tanfy = —"——
: 2vZ cos”® 6,

2
X9 -

ﬂuz l.u:»2 =
v 7 4y + X, tanéd,

P
2= xsg

~ 2y | g
2cos” tylgy + x; tantly)
gy a5l ¥ .L.:u.l A3UaJ) s 3 U3 cre mngalls 31

mxZg

M=
=
=y %}

4::05 ol + x anfy,)

5 .6[.1-:;.111 Govasll !l alases ol cusel
wle £ peidl o b

7.26 kg)(17.7 m)* (9.81 m/s”
( A il ) = 569.295 |.

- 4{(:05 43.3°)|1.82 m + (17.7 m)(tan43.3°)|

Ul)l.gﬁl.ml_‘:-lgg.l._.u P.lu..u_g d)g_._l_q PUﬂujngL,._U bMédLl:_thﬂ_‘l.J._iJ]P_._ﬂJ]ijm l_'IJJ

K=569].
|f W
EXAMPLE 5.3 | Spring Constant o1 cali ) 5.3 Jte
——— : =
PROBLEN A
A spriny is-hangi ically from  sup-
port point above it (quure 5.15a). A weight with a mass of 0.200 kg _ES d4a Jsa) ':’ll ‘_':"’ ‘;’50‘;'_; ],L:"b \ 1¢5 I.L. o df:h_;,’u : ‘:If
is attached to the spring, causing it to extend to a length omsem T o o Syl sl dasd o ;?5 14b Js: ]65235 6 cm
{Flgul'e 5.15b) What s the value of the bpung constant! 2 Il
4.6 cm lazc —28.0 CIM 5eb a% pubowe aie J53)) caads) da3iUl 35500 jlass Ls
PROBLEM 2 ¢(5.14¢ Jsa)

How much force is needed to held the weight at a position 4.6 cm

above —28.6 cm (Figure 5.15c)?

F, =— k(x — x,).

) - 1962 N
k=-— 8 = - =149 N/m.
X—xg (0286 m) - (—0154my L9 N/m
Y 1) e—

Fo + F,=0 = F,,, =— F, = kx = (0.046 m)(14.9 N/m) = 0.63 N.

eXl

2024 - 2023 (sl alall 0525481158 il 5 Jual sill / 438 5 2 s Slle 1 35LY)



A massless spring located on a smooth horizontal surface is
compressed by a force of 63.5 N, which results in a displace-
ment of 4.35 cm from the initial equilibrium position. As
shown in Figure 5.16, a steel ball of mass 0.075 kg is then
placed in front of the spring and the spring is released.

PROBLEM

What is the speed of the steel ball when it is shot off by the spring,
that is, right after it loses contact with the spring? (Assume there
is no friction berween the surface and the steel ball; the steel ball
will then simply slide across the surface and will not roll)

I oy Joliuddl

blimW gelal 28l s e gonge Al gae o, o,
4.35 cm L lazg a=l3) cli e poss 635 N Lajlans 553 dlaulgs
5,5 =enj 515 JSal 3 hsd ga LS .‘I_,:-l.n_ﬂﬂ AV E¥) pnga e
) ) el alal 0,075 kg LisliS anass

FEIPRY

Ligolia alad aue L_si ol Lpatay Leane asaall 5,500 de o Ls
saaaall 5,850 plad) o Sz ¥ plasl e ,381) S ewd
Apmas ol ogs plaad! e ot @30 aoaall 3,500 4 o

X X0
[ [
1& N
Fext FS
F
5

Concept Check 5.3

5.3 peslal) dasl .o

If you compress a spring a distance h

work W, in the process, how much

gt....'aq.o;;.nh&ﬁl—u.mﬁ,-ﬂ}r_m 3 13)
Laﬁ-d'l,lq.‘l."é %M;J.ug.m!ﬁ'

work will be required to compress the

fEI PR | [ PN RPN § PN ) A ) ) K
820 a8lus 4

same spring a distance 27

W Wia
d

’ 2 W5(b
b) 2W, At
9 05W, 057, (c
d) 4w, A (d

0.25/7,

&) 0.25W, nle

2024 - 2023 I, plall
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—Concept Check 5.4 2.4 pealed) das-) o

Is each of the following statements true

folend
of faiset

I whlall go 35ke US Ja

aj Work cannot be done In the . L. . . .
absence of motion. S okl 8 J Jb ose ¥ (a

slowly than to lift a box quickly. cde w428 Doglial) 5,00])

XAMPLE 5.4 f Accelerating a Car

F
PROBLEM

Retuming to the example of an accelerating car, let’s assumne that the car, of mass 1550 kg, can
reach a speed of 60 mph (26.8 m/s) in 7.1 s. What is the average power needed to accomplish this?

SOLUTION
We already found thar the car’s kinetic energy at 60 mph is
K =1mv? =1(1550 kg)(26.8 m/s)* =557 k).
The work to get the car to the speed of 60 mph is then
W=AK=K—K,=557k].
The average power needed to get to 60 mph in 7.1 s is therefore

W _ 557x10° |

P=At= 71

=784 kW =105 hp.

3ot gykud 5.4 lis

. N

Al

de ) J) Jsengd! gabsius 1550 kg Lzks ST [[E 3 DU | R PPN PN [ PO 51 VoY [P R
Sell3 gamona) aa3d) 5 050 dagaa L7158 35 26.8 m/s

1
o2 268 M/ wie ajlenl) 25,40 23T G} Jaally ig
K =%mv® = £(1550 kg)(26.8 m/s)” = 557 KJ.
sa 268 M/S e ull J] 8 kel Junsd p 3300 Jidl) 5% Jrares
W=AK=K—-K; =557 k]
g8 § 7.1 M 26.8 M/S de ) J) Jposl) do3d0 330501 dangis oypSa 15

W _ 557-10°]

p:m_ =TS =784 kW =105 hp.

5.4 idglows idlus

Aorlya S,

FI[PRY
st Al ] ol Lamjast 13) .50 M/S anb e 4.2° Gl Jog 1jasis dxlys w81 Loy
aits yasadl aviad 7h5adl Wi of camg Gl 3aa) o) L (S 01 axlyull alis) B2.2 kg

) ) Slgus de lly

SOLVED PROBLEM 5.4 fRidingaBicycle

PROBLEM
A bicyelist coasts down a 4.2° slope at a steady speed of 5.1 m/s. Assuming a total

mass of §2.2 kg (bicycle plus rider), what power outpur must the eyclist expend to
pedal up the same slope at the same speed?

gl 2 gmall die ) and Al 628 (ya L.:;i F+ = mgsin® ¢sS (falling )Lyg_l\ﬂa.u: ;;_Sai\

a5 s 58l Alana (Y 138 8 Cad) ) MQSING J s sl Fp SMSIaY) 5 58 Lo sl

(i de i oY

2024 - 2023 (3 alall 0525481158 iusil 5 Jual 5ill / Zaa 5 2 an Sl 13GLY)



S i A 5 F daa LA 3 8 ellia (boarding) 2 sl die (3

F mgsin® + F¢ =

2mgsin©

P = Fvcosa = Fv = 2mgsin© . v

P=2(82.2kg)(9.81m/s%)sin(4.2°)(51m/s) = 602. 391W

ddaly (b0 koo ]

Xpa F‘-"""U ‘_} !q;-@ll Bgall aliasg alass .x,,il r \:ij'}-"”? s & s 5.9

thMﬂiuguuLLL‘ 1 51

X ol L il Baomg 82l ol e F, = (120 N/ aiall 3, ke? m*/s* (e kgm?/s* (e kgmfs (a
EP] NP PRV Al e 3oallainalis Al Lefll dase by 2lla e [ X

S Lol F it 2 ol i ™ e R s * g mys Kgmjﬁ[ﬂ

rx=0-50mu]'|x=0 A 1 oo R -

Jit g ply A0l e s et JIB00 N o e i 5.2

120] (e 30](c 75](2 Lo el e 20 M i s g gill gazal) Ll ) aaall LS 3200]

607(d 5] (b Sl g o sl of o 20) gl Lo STl 453 dasgie i

Logee b Loase oplygll dagliag iwd3 Lo fppigal o Mlq 30 g 5,10 .[g,i.uﬁ.a.'..:w;:ﬂ

b b gl sl o 2l e fdinbie il ) L

S [= \J"‘""U“‘Jﬂ - Eanl e v ) 400N c . a

o g il b i bl 3 G i g de e sl ,[, W #[.

ol i ) 3 2l ain s 25,40 dilbally Jisl) 00N {d et i7as ol (b

BOO N (e 400N 10

PP IFINETE & 1 O Y A [

s ol g of G deall a8 13]pgha 5 e ol oo 80 5, 5.3

i sl ,i,,,j'. gty iy gt (b

ol L2 e sl Bamg TG0 0 RS Ty Vigolad pglo, &1 a3

ols I1. l; .I 11I AN 1I 5I IL1 1 II I A I'r‘ LI1II ..-'{-. II; a11!i..L II,.I1I -I 5 Laite
b gl P Jm Jasd (d ZPIk (e e sk (2
Sl s b il (e Lk Li? (b
n £ 7 A 2 L3

L sl i o o 1T a o ke olus b ligars ol clag 51
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MULTIPLE-CHOICE QUESTIONS

5.1 Which of the following is a correct unit of energy? 5.9 A particle moves parallel to the x-axis. The net force on the particle
a) kg rru"s c] kg mfs e) kg’ m*/s" increases wu.h X accurdlng to Lhe formula F, = (120 N/m)x, where the
b} kg-m’/s y : :

force do on the part.lcle asit moves fomx =0tox = DSD m”

5.2 m@m%ushmm@hmdﬂmhﬂu It

requires 3200 | of work to get the box to the top of the plane, which i:: }:S Ij i 3?\{ e 120]

is 2.0 m above the base. What is the magnitude of the average friction R o

force on the box? (Assume the box starts at rest and ends at rest) 5.10 A skydiver is subject to two forces: gravity and air resistance.

a) zero c) greater than 400 N Falling vertically, he reaches a constant terminal speed at some time

b) not zero but less  d) 400 N after jumping fronT 2 plane. Since e is moving ata constant velocity
than 400 N e b from that time until his chute cpens, we conclude from the work-

l:} OOTY

kinetic energy theorem that, over that time interval,
5.3 An engine pumps water continuously through a hose. If the

aj the work done by gravity s Zero.

speed with which the water passes thn:lugh the hEISE nozzle is v and
if k is-themass o] o ; a 3
what is the power bemg |mparted o the water" c) the work done by gravity equals the negative of the work done by

2) fkv o) F b &) %u] k air resistance.
1 Uz ] uj ﬂl‘: WLH.IM. dUIIC I.’J‘ Blﬂ.\'ll.! qu—lﬂl} I.hc \\'Urll\. dUIlC IJJ‘ 'IJ.I J.C!J]LHH.LC
b) 7k d) sv/k
) 2 ) 20/ €) his kinetic energy increases.
5.4 A 1500kg car accelerates fmm_ll] to 25 m/s in 7.0 s. What is the 5.11 Jack is holding a box that has a mass of m kg. He walks a
aver N : distance of d m at a constant speed of v m/s. How much work, in
a) 60 hp c) 80 hp e) 180 hp joules, has Jack done on the box?
b} 70 hp d) 90 hp a} mgd c) zmr e) zero
5.5 Which of the following is a correct unit of power? b) =mgd d) —Lm?
2) kgmy/s? o] &)W 5.12 If negative work is being done by an object, which one of the
b} N d) m/s? following statements is true?
5.6 How much work is done when a 75.0kg person climbs a flight a) An object is moving in the negative x-direction.
of stairs 10.0 m high at constant speed? b) An object has negative kinetic energy.
a) 736 % 10%] ) 75] &) 7360] c) Energy is being transferred from an object.
b} ?En ! I:“ ?51]]! d} anrg}: is Hnin.g transferrad tooan nh:nrt
5.7 How much work do movers do (horizontally) in pushing a 150kg crate 5.13 The work-kinetic energy theorem is equivalent to
12.3 m across a floor at constant speed if the coefficient of friction is 0700 a) Newton's First Law. d) Newton's Fourth Law.
T 5 4 kY ¥
a) 13007] c] LaxI107| SRS b) Newton's Second Law. &) none of Newton's laws.
b} 1845 ! d! lax '“]4]' L:: Newton's Third-Law:
table. Hnw much wurk is requlred to stack them an tc||:| of ane annther" work dune b}' g;r;nrrq.r on her?
a) 1417 cJ 2307] erla] a} Gravity does negative work on her. ¢) Gravity does no work on her.
b) 23] d) 081] b)Gravity does positive wark on-her. d) We can't tell what work
gravity does on her.
7
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Kinetic energy :4sS_all 43l 5.2 o

. d..j,_J:-l atlas as3las nse ;Jg._\_a_o d..m._\:-‘!;._\_['l ),.;AJ’I_!Q.Q,J 5' 19

Fan T P

Y
o
o
~i

'{bd._r._,_u.ut_l_,:n_u IUUI\EA.;J.QJ:-_';- kd

600m/suﬂadpﬂ1ooogwﬁdwﬁﬁ (b

300. m/s ac s ¢ o 20.0 g LalsS dnlss, (C

5.19 The damage done by a projectile on impact is correlated with its

kinetic energy. Calculate and compare the kinetic energies of these three

projectiles:

a) a 10.0 kg stone at 30.0 m/s

b) a 100.0 g baseball at 60.0 m/s

c) a 20.0 ¢ bullet at 200. m/s

FEA L = s S =

>

5 sbedt QLS Gl 8 Loy Lali€ il 1Y) 100Km/h A e () sl 3l & a5 5,20

#4S all gl L 1900 Kg

5.20 A limo is moving at a speed of 100km/h. If the mass of the limo

Including passengers , is 1900 kg , what is its kinetic energy?

Solution:

de yun o) i3 7000 kggjmu@dstw\abﬁwu&ﬁ Cwakhal 5,21

\AAL“SASAJBAA\%S;LS:LA\KELH\)\&u.dj&d\é\mm)ju@\wgo km /h

?eahaﬂ\

5.21 Two railroad cars, each of mass 7000 kg and traveling at 90 km/h

Collide head on and come to rest. How much mechanical energy is lost

In this collision?

Solution:
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5.22 Think about the answers to these questions next time you are
driving a car:
a} What is the kinetic energy of a 1500 kg car moving at 15.0 m/s?

b) If the car changed its speed to 30.0 m/s, how would the value of
its kinetic energy change?

285k Lo sams 2l daslall 5,10 3 il ¥ ais clils) 3.5 5.22
$15.0 M/S ae s 8, 1500 kg e 3§ 35l 00 &5 40 a3l L, (a
TS, Al Lyzalls 3 jeanzw 288300 m/s J) Lpze pw s,bdl o ne 03] (b

Solution:

L3.14.400 ] gslus wS,> Ll . 200 kg el 25,41 a3laJl 215 13) 5.23

$ ol 1id dc

5.23 A 200 kg moving tiger has a kinetic energy of 14,400 ]. Whart is
the speed of the tigen?

Solution:
o)y Aalal eIl Al Caa i ¥ a Ll AlS 315 L lS e bl 5.2
B5.00 m/s Jang o slewd) LIS de s a3 Losie . dazB &S, 4 Lyzbls Cauas Lyyad
ol AL ¥ cile ) ) AL 3. A LogaBlls pons
e5.24 Two cars are moving. The first car has twice the mass of the mi=2m, el
second car but only half as much kinetic energy. When both cars Ki=1/2 K5
increase their speed by 5.00 m/s, they then have the same kinetic For speeds (v1+5)&
energy. Calculate the original speeds of the two cars. (V2+5) > K1=K;
=
=
=
=
=
=
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ol (alam lef) 2 3 20.1Kg axlsS s (aginl &.5,40 a3lall Ls 5. 25-
Taa¥l bkl e 46.9 aslazy ayglis 27.3 M/ anlazy) ie au:] 3]

#5.25 What is the kinetic energy of an ideal projectile of mass 20.1 kg at the
apex (highest point) of its majectory, if it was launched with an initial speed of
27.3 m/s and at an initial angle of 46.9° with respect to the horizontal?

Solution:

work done by constant force 4%t & 58 ddau) sy Jsdsall Jaddl 5.4 <

Jadell Jadd) ao gl aga)l al41 3 12.0 m a3Lal 5.00 N 5,3 335 5.26

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.

Solution:

=

delin ;) ope &3 ra Jpans B, ol 5.27

{ @ - F4 F3
camlly Eaal Jo¥) 3,80 ezl . 28.4 m/fs aslan) de s LoslilS =201 .7.256 m
S, glaali Losie 6,31 Gile w3 8,20 Lo 28,8k Jaad J] 20t 5,501
(elog) dagleo Josl)

5.27 Two baseballs are thrown off the top of a building that is
7.25 m high. Both are thrown with initial speed of 28.4 m/s. Ball 1
is thrown horizontally, and ball 2 is thrown straight down. What is
the difference in the speeds of the two balls when they touch the
ground? (Neglect air resistance.)

N

Solution:

\

Lt A1) eyl Lagd g L AL Legd 5 SU1 Lallls

\ | \

[

’ 2,25

U3
\\J
9

Al i) A jal) A8 i Lagd (53 (Alasall 028 8 sl

A

\n

Lgaad Auilal) S jal) ABUAI (pillall di el g S ) Lalls

\

oY) lusali Ladie ¢y sall e o BRI O3, i SU

\

THINK: The initial speeds are the same for the two balls, so they have the same initial kinetic energy.

O-T--—

Since the initial height is also the same for both balls, the gravitational force does the same work on them
on the1rwayﬂmrtwﬂm1mmdﬂﬂzﬁngﬂﬁmmmﬁhmﬂﬁnﬂgrmhrpmﬁm¥‘

%

autornatica ] 0 A 3 4 g
balls have the same mass, they COI’ISCQUCHHV have to havc thc same speed upon ground Jmpact This

means that the difference in speeds that the problem asks for is 0. No further steps are needed in this

solution.

10
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LoSy o) a 3001 Jidal) Jlans Lo odpin ;¥ L 95.0 kg Ly2laS an6 200! 5.28
180 N cllSza¥) 358 wum dei ¥ Jolbo Lo 4.00 M 28l aub de

5.28 A 95.0-kg refrigerator rests on the floor. How much work is
required to move it at constant speed for 4.00 m along the floor
against a friction force of 180 N\t

Solution:

=

|= 4.0m -|

h = 0.400 m glusy) oo slows Lo = 2.00 Kg LialsS &3, das bilzu) § 529
oleaal) e alis ol oSE G ) jlaal ad¥) ad) Gl

5.29 A hammerhead of mass m = 2.00 kg is allowed to fall onto a
nail from a height i = 0.400 m. Calculate the maximum amount of
work it could do on the nail

Solution:

aad) sym aduall a8,z aun,l e 4.00 M dblay cliS,,) cass 5.30
Ais i Jaadl jlazs L5 150.0 N golus AlSe=¥) 353 =ulS 15] .200.0 N
Sa5al) dliasag S20 %1 38, o)

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. Whar is
the work done by you, by the friction force, by gravity, and by the net force?

N oy
Solution , ‘
= F, . F 2
=
i
=

Lo - 8% dak) Lo 30.0° dagl gimy Jooms a2 Y5 oo b o 23] 5.310
§25.0 M a8lus a3 =85 ,4 5 250 N osgzy oo 3] Joind) J3 80 jlazg

#5.31 Suppose you pull a sled with a rope that makes an angle of 30.0°
to the horizontal. How much work do you do if you pull with 25.0 N of
force and the sled moves 25.0 m?

Solution: F, o
/_é_ ______________ l_'*..-.
I T B
| 25.0m |
11
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Al s dsaa ) Sle pulang 25.0 Kg waliS il il wal ol sy 5.320
2915 L) sl i oLl ) do g ¥ 31 s 3.00 M Lylsls JLn,
ool ane ¥ Ae i Lo e8] (e asd ¥ 5oy b ol ) k) L Le 33.6°

Qi slall &S,40 oo gotane

#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?

Solution: /‘: i

=

Y

BT\ )

~ L h

- - —

1B.0Kkg wiliS poum 3 F= (4.79. —3.79. 2.09) Nazi 553 335 5.330
il JAtd) Jls) Lo F= (4.25.3.69. —2.45) M gk ) Vica o)) § crarsis <
Sagall ain alis

#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 ¥ = (4.25,
3.69, —2.45) m. What is the total work done by this force?

Solution: . °

>

alags o dmsz sl Lo palds 200 kg LinlsS als 2l Lgan) ol o 5.34e
35.0% ayly JUd) s o calk) J) dege ) 4% )24 350 M Lylads Sl
N[IEE PR PRCPRETE ([ PRURY PRI SN U0 FESRIPS (Y- SO 1N 1 A0S Y
Sl ) dak) Le 15.0° &yl

e5.34 A mother pulls her daughter, whose mass is 20,0 kg and who

is sitting on a swing with ropes of length 3.50 m, backward until the
ropes make an angle of 35.0° with respect to the vertical. She then
releases her daughter from rest. What is the speed of the daughter when R
the ropes make an angle of 15.0° with respect to the vertical? A

L

Solution AN

= . Ty

— |

H

h

Wi s

IRRRT
<

12
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o @a0¥) s 24.4 m alal 30.0° Mo 4530 jaal) (e glsa 5.350
13.7 M/S gelus e M) 33t e yuw LS V3] gl & jgumy maad 2d) jasia
Selly a2 Y300 o oS4 ASin V) Jalao e Ll

#5.35 A ski jumper glides down a 30.0° slope for 24.4 m before tak-
ing off from a negligibly short horizontal ramp. If the jumper’s takeoff
speed is 13.7 m/s, what is the coefficient of kinetic friction between
skis and slope?

Solution: o

N =L N

SO X st

¥/ (! ¥ i P St
\ F_cos 6'/(; ~
—

gl egrd 25,40 B dasigio flo ol plaw ssiwe 22c 5.36e
olel W) @Mas¥) o eg3d ) 058 15) 4.7 X 10720 kg walss 3113, 6.2 X 1072]
o) sl Lo Tailpn (01 a3, 3) LD 1,51 by 53 o ool cga 8tk
o 81) T g anld B30z de ) Lo S, daB cims ) deaally plas 31 1iy)
o112 samgl) § das i Ll o g2 ,0) e 18 = 9.81m/8? plascnl clasé «l
i R 0ig) 13508 09Ss ¥ a3 Ll 25¥) 13a

05.36 At sea level, a nitrogen molecule in the air has an average
kinetic energy of 6.2 x 102" ]. Its mass is 4.7 % 10~ 2° kg. If the molecule
could shoot straight up without colliding with other molecules, how
high would it rise? What percentage of the Earth's radius is this heighn?
What is the molecule’s initial speed? (Assume that you can use

g = 9.81 m/s?

Solution: Wy=K-K, ;K=0 V=0 @ _

Wg = W|ifting = -mgh =-1/2 mv? = 6.2*1024)

+
=

= h==6.2¥10?/ (4.7%10% * 9.81)

h=1.3447 *10* m +x

i

|

i

i

]

B i

% of Earth's radius: p =R—>< 100% i

E —

1.3447-10" i
p:ﬁxwﬁ%:&ﬂ]lﬂ% é
NE m -

2(6.2-107"
v= (—_%D:513.64mfs
4.7-107 kg

13
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a0 Loassg L2 s 1500 5753, 193 M8 de s Bunlin; & 2ty 53700
Loganis] pondly alzSh Lyl g ,s) dialia; 3,350 130 /S Lyze un pad ool
aasais ol Aela M ie, 0 e 920 /S ey o) oss LS llat, L5 g)
cinln ) e s e agzas ¥ polll daglas o ya 3l Sralll Lyd as)

#85.37 A bullet moving at a speed of 153 m/s passes through

a plank of wood. After passing through the plank, its speed is

130 m/s. Another bullet, of the same mass and size but moving at

92.0 m/s, passes through an identical plank. What will this second
bullet’s speed be after passing through the plank? Assume that the
resistance offered by the plank is independent of the speed of the
bullet.

153 m/s 130 m/s 92 m/s V.

Eoy 0
B — - —

] o o
&

1, ] sy
RESEARCH: K==my", AK==mly, -v,")==mlv, -v,’)
2

A A
SIMPLIEY: (v, 2=y, )= (1. 2=9.2). 1., =y 2=y 4.
ST I ol P & ¥y ol ] FAl
2 2 )

- - ——
Crasm e 1 58 L olsl) 3 ] 32004 ole avards¥) la¥ 5590 3 5.55
4725 kg acgema Lo g8 oo liel) Lzl o5l § &erald) adlaill 00l Lis
glasy) Lo oljs¥) ais a3 ol (ala8) sie ambal) § slad; Juadl o sl 3
Tl il Ja ) Hlane e 196.7 cm

5.55 At the 2004 Olympic Games in Athens, Greece, athlete
Hossein Rezazadeh won the super-heavyweight class gold medal in
weightlifting. He lifted 472.5 kg combined in his two best lifts in
the competition. Assuming that he lifted the weights a height of
196.7 cm, what work did he do?

Solution:

ablus e 6.00KE 35 285 are aodld) am Joid) Ja il jlass Ly 556
§20.0 cm

5.56 How much work is done against gravity in lifting a 6.00 kg
weight through a distance of 20.0 cm?

¥y =105km/h (29.2 m/s)ac . m = 1250 kg Lizk:S 5,L 0 .. 5.60
L &) oY Wiy ol e oy A0 JA A1) s

5.60 A car of mass m = 1250 kg is traveling at a speed of v, =
105 km/h (29.2 m/s). Calculate the work that must be done by the
brakes to completely stop the car.

Solution:

14
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wosal) 5y Jiu .qwsd e M = 88.0 g (0.0880 k@) a:l:S oy @,UQT 5.61
d=78.0cm (0.780 m) asbua e pyudl e F=110 N Lilsigzs 553

5.61 An arrow of mass m = 88.0 g (0.0880 kg) is fired from a bow.
The bowstring exerts an average force of F = 110 N on the arrow
over a distance d = 78.0 cm (0.780 m). Calculate the speed of the
arrow as it leaves the bow.

Solution:

20 28.0° &yl priay Sz ¥l oo jasmis e M LgalaS an¥jaas § 5.63
NS ol adazadl 353 135 M plas,l ave an ¥l cndgs aylpnll 3 . 23Y) Lk

5.63 A sled, with mass m, is given a shove up a frictionless incline, which
makes a 28.0° angle with the horizontal. Eventually, the sled comes to a
stop at a height of 135 m above where it started. Calculate its initial speed.

Solution +y. e

> -

-> / 1.35m

Vo =264 M/ dc s M= 0.250 kg Li2l:S Jsrun 5,5 0, & 5.660
10.0% dewics caall) daug 3505 1 5,801 Jgung Lals . elog) Znglan copuns
398 dawgis sl . d=15.0 M oMy Lougll 5,505 o aB8Lall gglusy

cdaasdl 350 ) e M) oo Lgllasst o3 5,500 Lo algid) By clpall 2aglio

e5.66 A softball, of mass m = 0.250 kg, is pitched ar a speed v, = 264 m/s.
Due to air resistance, by the time it reaches home plate, it has slowed by
10.0% The distance between the plate and the pitcher is d = 15.0 m. Calcu-
late the average force of air resistance, F,;, that is exerted on the ball during
its movement from the pitcher to the plate.

A

-

+x

Solution:
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allen ¥ LgalsS e GalST o Gegent dmdaiie falh Joof £ 5.67e

8 Gl Sy s LA 28,08 o sSil) llSan ) Joleo 11435 kg

kS § a2l LaS) alagy o ot b ol plal) 10 .0.372 g5l Gegod]
oSl o Zumr L) g5l il Sl byl o HSam 1 93 Juinin
Adegams 423y 22.9 8 (s 8 D66 mph aslias J) Jas) ailhnig de

9 oo Gl SY Aegaza 3155 Ja 1T aBlas daoLid] 24,3 (3,00 (e o, ST
aas LA &l iy liead] adSH) o SS,40 Sz YY) Jales olS 5] SaasLAd) 44,5
Ak, Guatl o S22 81 B3 aslis il Jadd) jlaze L3 .0.257 ol

) Sl Lo dus Ll

05.67 A flarbed truck is loaded with a stack of sacks of cement whose
combined mass is 1143.5 kg. The coefficient of static friction between the
bed of the truck and the bottom sack in the stack is 0.372, and the sacks are
not tied down but held in place by the force of friction between the bed
and the bottom sack The truck accelerates uniformly from rest to 56.6 mph
in 22.9 5. The stack of sacks is 1 m from the end of the truck bed. Does the
stack slide on the truck bed?! The coefficient of kinetic friction between the
bottom sack and the truck bed is 0.257. What is the work done on the stack
by the force of friction between the stack and the bed of the tuck?

—

N

Solution: 7y

¥ i) Jaag 7oty geSaad) o 125 Kg LilaS & e Tas . JSal! 3 5.69e
Al oy A 8 psngn g LS Lo B & al) Cima o2 LS8 515,
v el anlgn Agenill de,ud) aeg) 23 100 m

05.69 The 125-kg cart in the figure starts from rest and rolls with
negligible friction. It is pulled by three ropes as shown. It moves
100 m horizontally. Find the final velocity of the cart.

200 N = J
\ .A F, =300 N at O

™ F; = 300 N at 40.0°
30. Dj’ 1400° 300 N

_________ F} F3 = 200N at lSDU

Solution:

16
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ac oy 1000.0 kg LialsS &L p8a) ao3 W1 53l cous) 5700
Jols . 2a¥1 ekl 553 5.00° B35l5 8 oy paitians Joo Gle 25.0 m/s
celog)) dogliag /lSzm¥

e5.70 Calculate the power required to propel a 1000.0 kg car at
25.0 m/s up a straight slope inclined 5.00° above the horizontal.

Neglect friction and air resistance.

Solution:

L e vy=23mls +x

alagspn dmgn ) e galdy 210 Kg LaliS 305 20 Basis s Caswy 5.710
o Sell (ra Ly omg ) ) g 81 S40 109 . 2.50 M Lglsla Lo
Gl Lo .3.00 m/S assrylil) 25,40 (o s95mo ol die 3agad) dcw ils
Slgn Lo syom ) (sl I ki) ) sl Runag il L)

e5.71 A grandfather pulls his granddaughter, whose mass is 21.0 kg
and who is sitting on a swing with ropes of length 2.50 m, backward
and releases her from rest. The speed of the granddaughter at the

bottom of the swinging motion is 3.00 m/s. What is the angle (in g
degrees, measured relative to the vertical) from which she is released? ;

'/ i

QL

T vhadabar ot b T

v=0 ~__ Y~ IF

work done by variable 3 _sia 5 g8 dawl g3 J gduall Jald) 5.5 <
force

-F,=(3.00 + 0.500x) N {x) al£¥) 3 353 393) 17 L3S prosme a3 5.38e
X =4.00mJ)x=0.00 cyo praad) 2oty Lty 3520 i 530 Jatd) g gl

85.38 A particle of mass m is subjected to a force acting in the
x-direction. Fy = (3.00 + 0.500x) N. Find the work done by the force
as the particle moves from x = 0.00 to x = 4.00 m.
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aks g (N/m? sas) ﬁ(x) =52 Waieall JUs (o sllass apd i3 5.41e
A x=2.00m ;o aliSl &) o5 100 kg WSz gae phaw Lo 5,550
X=600m

asall Wis sil) Jisdl jlaza Lo (@

aie Lo, w L. x=200m e 200 m/s alish ie o =als13) (b
sx=600m

#5.41 A force given byﬁ(x) = 5x°% (in N/m’) acts on a 1.00 kg mass mov-
ing on a frictionless surface. The mass moves from x = 200 m to x = 6.00 m.
a) How much work is done by the force?

b) If the mass has a speed of 2.00 m/s at x = 2.00 m, whar is its
speed at x = 6.00 m

5 .A =145 N/m® oo F(X) = AX aially 3,0500 353 carlacel 5.76
o g ) g S gue phaw Lo oy 2735 KE wiliS puasr 3 3520 oia
Bl g el lass L X =4.429m . J) x = 1.093 m e sy petudl
] Sournll 35,41

5.76 A variable force is given by F(x) = Ax®, where A = 11.45 N/m".
This force acts on an object of mass 2.735 kg that moves on a friction-
less surface. Starting from rest, the object moves from x = 1.093 m to
X = 4.429 m. How much does the kinetic energy of the object change?

9

18
2024 - 2023 (3 alall 0525481158 iusil s Jual ill / 40 5 e o Slhase 13GLYI



5.4 =16.05 N/m® oo F(X) = AX aioally 3,0500 353 carlacel 5.78
oo pmad) gy L ISaa ) goe phaw e ooy 3127 Kg waliS pus § 352 0ia
s pud) oSy X = 3313 M s 2850 J) Xp adsa oo g gaSl!
Xy 3% gl L .5.662+10% ] 2.5,

5.78 A variable force is given by F(x) = Ax®, where A = 16.05 N/m°.
This force acts on an object of mass 3.127 kg that moves on a friction-
less surface. Starting from rest, the object moves from a position x;

to a new position, x = 3.313 m. The object gains 1.00396 x 10" ] of
kinetic energy. What is the initial position xg

spring =3 5.6 <%

o) e ) ALl s k= 440 N/M & ,05 el s Jlis 05 5.42
25.0J i3 Jid wlp) aosge e ooyl Lasags

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.

Ji s aagll ia disd 13).5.00 CIN ablae wl55) ginge cro ), saen 5.43
Sl o)) 1is culs s .30.0 ]

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?
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w15 pisge oo Xp A0lal plan) baliony ki ey ol W05 s a5 5.44
ety Lo cpingl) 1ia e Xp dBlas o)) ool )] pinga ) Gagadl aa
Tadalozs) oLsl Joiud) Jazdl J) asad olal elyazll ole adi wgllal) Josl)
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?

Jumma amng 15 .0.231T M aslus 2385 N/mM o) ol oo il 5.45e
ey Lo ol glialy ooyl Cada e 0.0413 Kg walsS 33520 oyo 5,5
ol e 3,80 Jame Juamn) 93,800 o)) dwsdle pae s 5,500 Jomms
Lol o0l alss Jles) oS wl o ial al) piga J) oozl Gage am LiLE

e5.45 A spring with a spring constant of 238.5 N/m is compressed by
0.231 m. Then a steel ball bearing of mass 0.0413 kg is put against the
end of the spring, and the spring is released. What is the speed of the
ball bearing right after it loses contact with the spring? (The ball bear-
ing will come off the spring exactly as the spring returns to its equilib-
rium position. Assume that the mass of the spring can be neglected.)

e 231 cm a3l k= 1519 N/m o, by Lasl @05 dask 151 5.82
2 fy ol s e M =170.0 g azlaS Sy (o, pinds -l puings
w2l e 0.02221 S o cllSaon Jalag asld) Lo Liadl o 2l) Gl53ly 0300

Tl o] 1S5 wa auld] e Sagll o B Lpadazy (20 @3Lall Lo auldly

5.82 A horizontal spring with spring constant k = 15.19 N/m is
compressed 23.11 cm from its equilibrium position. A hockey puck
with mass m = 170.0 g is placed against the end of the spring. The
spring is released, and the puck slides on horizontal ice, with a
coefficient of kinetic friction of 002221 between the puck and the
ice. How far does the hockey puck travel on the ice after it leaves the
spring?
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power 5l <

addgi glaasll oSy anslh e s gt Lo Gadl a0 ¥) Glas casewy 5.47
i) alsS g L5 0.115 alally 2% 31 o Sea¥1 Jolas gLy 1.060 hp 5,43
Taltll e an ¥l L s (o) e ) Lo . 204.7 kg Jod) ells 3 L

5.47 A horse draws a sled horizontally on snow at constant speed.
The horse can produce a power of 1.060 hp. The coefficient of friction
berween the sled and the snow is 0.115, and the mass of the sled,
including the load, is 204.7 kg. What is the speed with which the sled
moves across the snow?

e B sal Leaie 27.9 MYS e 12145 kg LalsS 5,00 =52 5.49
oSall ddamn ) &kl cling 13) ek | LS, cesiadaialy Goda) Lo Ls sl
fasoj)l 3 aell ais § (dalsll) &lpinl) 5,000l daisio Li3.0.236 5 0a3

5.49 A car of mass 1214.5 kg is moving at a speed of 27.9 m/s when it
misses a curve in the road and hits a bridge piling. If the car comes to rest in
0236 s, how much average power (in watts) is expended in this interval?

il pazll 3,5 cliles gas! § Bleal) o), e¥ i sllais pasauy 5530
Lo s %) e Al e o Lo das 3y 93.5 kg allanl) i alsS
19.5 m ls gl ) e sliaal) glows . 2831 dadl oo ¥ a3 53.3% ayg)j camal)

oo how Lo 8405 N 23ls g das § G Lid] s i )81 3o
Jolas 515 13) .B.90 M /S b dgomio de s sbiw) @ ool jlecd) jUaz) dolial

i il Jaddl jlaze L.0.500 kg/m ol (F= KiZ 3 K) ool
‘ $(ghs 3923 pae g2 o) shlaal) Comn) i L)

85.53 A small blimp is used for advertising purposes at a football game.
It has a mass of 93.5 kg and is attached by a towrope to a truck on

the ground. The towrope makes an angle of 53.3° downward from the
horizontal, and the blimp hovers at a constant height of 19.5 m above
the ground. The truck moves on a straight line for 840.5 m on the level
surface of the stadium parking lot at a constant velocity of 8.90 m/s. If
the drag coefficient (K in F = Kv?) is 0.500 kg/m, how much work is
done by the truck in pulling the blimp (assuming there is no wind)
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LSt o jlend) e Jo¥1 a0l Colow caSd) ore dabh 3,0 bas (b
JPFES (3 VOW | PUURCER-JY PN 7% FRICECIRN- 3 DUV | B - CH . T PP ey
Eramg il alad) ddam e a8lael) dica C3SLE pany dila ¥ LS 15) Slyadass
RO

iy )l Jaiif puas g0 s giss sl le Sk gl § il (€
cre Lie o ylead) 10 . 1000 Kg Ly aliSl o5,Leal) 12.0 m/s 2 asks
glims il 3yamll ol k) e Jie liin clggl) daglie o) G yiad L sSiul)
S adlaully asll & und) dlasey ol aladl pe  @loadls jeall cb o oo o Lod)

#85.54 A car of mass m accelerates from rest along a level straight
track, not at a constant acceleration but with constant engine power, P.
Assume that air resistance is negligible.

a) Find the car’s velocity as a function of time.

b) A second car starts from rest alongside the first car on the same
track, but maintains a constant acceleration. Which car takes the
initial lead? Does the other car overtake it? If ves, write a formula for
the distance from the starting point at which this happens.

¢) You are in a drag race, on a straight level track, with an opponent
whose car maintains a constant acceleration of 12.0 m/s”. Both cars
have identical masses of 1000 kg. The cars start together from rest.
Air resistance is assumed to be negligible. Calculate the minimum
power your engine needs for you to win the race, assuming the power
output is constant and the distance to the finish line is 0.250 mi.
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oo Jus 1000 kg Lyzl=S 20 L jlew de on off @30l ks ¥ 5,680

v =70.0km/h (19.4 m/s) J) v, = 90.0 km/h (25.0 m/s)
bzl Gotiad 8 ps dsgions i) Sle 8kl o2 13T £=6.005 505 3
a3, Ay 35 lea) &5, Lo J3laonl) Ao ;M1 azl Casis]

elsl culh Jasg ansd 2300 o) o280 L 1, = 80.0 kin/h (22.2 m/s)
sl

85.68 A driver notices that her 1000 kg car slows from v, =

90.0 km/h (25.0 m/s) to v = 70.0 km/h (19.4 m/s) int = 6.00 s
moving on level ground in neutral gear. Calculate the power needed to
keep the car moving at a constant speed, v,,, = 80.0 km/h (22.2 m/s).
Assume that energy is lost at a constant rate during the deceleration.

oliwSL 3 absb L 3 sl saelell Saues 65 kg ailiS Jomzs glus, 5.720
@it 2200 M gl Jle Jo¥) saclall Siuns oo l2ay 3900 mgles,l e
5 aall dliass daiugis (B)g ausldl am Jaiul) Jaadl (a) cous! 5.0 h gl
5% o olusi! pud GBI Jysd 3elaS ol us il as a3lad) Jlss) Jasa (€)5

e5.72 A 65 kg hiker climbs to the second base camp on Nanga
Parbat in Pakistan, at an altitude of 3900 m, starting from the first base
camp at 2200 m. The climb is made in 5.0 h. Calculate (a) the work
done against gravity, (b) the average power output, and (c) the rate
of energy input required, assuming the energy conversion efficiency
of the human body is 15%.
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Le.ad ;1) ks 315 .3.333 m/S de puws wldl e 3L 50 & ,0) 32 camey 5.79
ol o S AlSaa Y] Joles ol uslasl axe 537.3 kg .aaza¥ly @aludl U3 3
Sa Y1z La by ) (hp sasgs) 5502l Jlew) 01337 5a aildly ad 5L

5.79 Reindeer pull a sleigh through the snow at a speed of 3.333 m/s.
The mass of the sleigh, including the driver and packages, is 537.3 kg.
Assuming that the coefficient of kinetic friction between the runners
of the sleigh and the snow is 0.1337, whart is the total power (in hp)
that the reindeer are providing?
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