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5. Kinetic energy, Work, and power
5.1 Energy in our Daily lives

Energy forms

The main forms of energy are:

chemical
heat
electrical
sound
light

magnetic

elastic potential or strain energy

kinetic

gravitational potential

nuclear

Electrical
r

Kmetlc

Gravitational
potential (GPE)

The energy in moving
objects - also called
movement energy

Also called thermal
energy

Also called radiant
energy

Energy stored in raised
objects

Stored energy in fuel,
foods and batteries

Energy released by
vibrating objects

f_

Elastic potential

Internal energy

[} ]

Strain energy

o>

Energy in moving
charges or static
electric charges

Stored energy in
stretched or
squashed objects

Stored in the nuclei
of atoms

Contained in a
thermodynamic
system

Released when atoms
in a molecule

rearrange themselves
in a chemical reaction
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5.2 Kinetic Energy|

the energy associated with the motion of a moving object: kinetic energy.

1
K = —mv?
2

S| unit, the joule (J)

Energy unit: 11 =1 N.m =1 kgm?/s*

Some other frequently used energy units are the electron-volt {eV}, the food calorie {Cal},
and the mega-ton of TNT {Mt}:

1eV=1.602x107")
1Cal =41861
1Mt =4.18x 10%°J

Nuclear explosion
air molecule red blood cell P supernova

mosquito

107 10720 10715 10710 107 1 10° 10'° 10° 10%° 10 10%° 10 1040 104
]

Note all objects must be in motion to have a kinetic energy

Rank in order, from greatest to least, the kinetic energies of
the sliding pucks.

1kg 2 nys 1kg 3y —omss ke 2kg 5 s
- - [ e
A. B. C. D.
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" v "
5.1 | Falling Vase 1 3

PROBLEM g

A crystal vase (mass = 2,40 kg) is dropped from a height of 1.30 m and falls to the floor, as shown _{ ll Yo 7

in Figure 5.7. What is its kinetic energy just before impact? (Neglect air resistance for now.) I ’

SOLUTION

v2 e 12 - 2 — A
vy =V~ 280y~ )

i

2_ 2 o=y
V=t =041, =

* i ; i
¥ e RE
1!27»*5725’():“—)’) Wk >
(a) (b)

K=2m? = (240 kg)(9.81 m/s? )(1.30 m)=30.6 ).

Work is the energy transferred to or from an object as the result of the action of a force.

e Positive work is a transfer of energy to the object
e Negative work is a transfer of energy from the object.

5.4 Work Done by a Constant Force

9 2
v:=v5 + 2alAr

2 e 2
vi=(2gcosa)Ar= K=+tmv"=mgArcosa

The kinetic energy transferred to the vase was the result of positive work done by the
gravitational force.

AK =mgArcosa=W,
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Because mg = ‘}; l and Ar = ’AF

,wecan writethe work done on the vaseas

where « is the angle between F and A7

(a)

F is parallel to 7

W =|F|

W

(b)

I«V:‘I?HAF‘cosa.

F is perpendicular to

[ cosa

e RGBT Which force does the most work?

A. The 10 N force
B. The 8 N force
C. The 6 N force

D. They all do the same
amount of work.

10N

> > >

8N
60° L .
d

=

d

Note:

W=o.

Concept Check 5.1

Consider an ohject undergoing a
displacement AF and experiencing
aforce F. In which of the three cases
shown below is the work done by the

force on the object zero?
F

AT
(@)
7
—
(b)
Ar

()

If a force always acts perpendicular to an object's direction of motion, that force cannot change
the object's kinetic energy.
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Forces that do no work

£
[N\d=10 i Before:
(0 Jort=ss )
\ < _
iy \\\ .f_:‘j,u J
A\ & |
N
W Jj
|
=0
| \u-‘
! (¥
r“J. ""
\|
o A
If the object undergoes no displacement A force perpendicular to the displacement If the part of the object on which the
while the force acts, no work is done. does no work. force acts undergoes no displacement,

no work is done.

The total work done on an object is ZERO when it moves with constant speed.

The work-energy equation The total energy of a system changes by the

amount of work done on it:

work equals change in kinetic energy and work equals change in potential energy
W= AK and Wy =mg (yo—y)

Thus, the work done by the gravitational force during the object’s upward motion is

W, =-mgh

FIGURE 5.10 Work done by the

gravitational force. (a) The object during
free fall. (b) Tossing an object upward.
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A ski jumper glides down a 30.0° slope for 24.4 m before taking 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?

Would the value of the coefficient of friction be different if expressed in Sl units? If yes, by
how much would it differ?

1 :
W=W, +W, =Smv, W, =mgh, W, =Ed

I 2 ( l ] )
W, =W-W_ = Ed = —mgh = —uNd=m | = gh |

¥ 5 ;0
= gh——v* '
gdcos@a! 2 )
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in this problem an object is pulled along a ram

thus has |

(that is important).

p, but the object starts and ends at rest and

A rope pulls a 200 kg sleigh {which you may know) up a slope at incline angle 4 =30° ,
through distance d = 20 m. The sleigh and its contents have a total mass of 200 kg.

The snowy slope is so slippery that we take it to be frictionless.

How much work is done by each force acting on the sleigh?

Does
positive work

mg cosf

e e e e ey e o

Work Wy by the normal force.
Wy = Fyd cos 90° =0
IWork W, by the gravitational force

Fypy = mg sin = (200 kg)(9.8 m/s?) sin 30°

=980 N.
W, = Fyud cos 180° = (980 N)(20 m)(~1)
= —1.96 x 10*J.

Work Wy by the rope’s force.
0=Wy+W,+Wr=0-196x 10*] + Wy
Wpr=1.96 x 10*].
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Sample Problem 7.05

Elevator

An elevator cab of mass m = 500 kg is descending with speed cable

v; = 4.0 m/s when its supporting cable begins to slip, allowing
it to fall with constant acceleration @ = g /5

D—'

(a) During the fall through a distance d = 12 m, what is the D
work W, dOIlt. on the cab by the gravitational force F ? . [

T negative

, Cﬂb\ work

W, = mgd cos 0° = (500 kg)(9.8 m/s?)(12 m)(1)

=5.88x 10*J ~ 59 kl. (Answer) _ Does
3 by positive

(b) During the 12 m fall, what is the work W, done on the work

cab by the upward pull T of the elevator cable? T
v

T—F,=ma (a) (&)

W= Td cos ¢p = m(a + g)d cos ¢
g 4
Wr=m ~5+8 dcos ¢ = ?mgd cos ¢

(500 kg)(9.8 m/s?)(12 m) cos 180°

U\,l_‘;

=—470 % 10*J ~ =47 kJ. \

(c) What is the net work W done on the cab during the fall?

W=W,+ W;=588x10*J -4.70x 10*J
=1.18%10*T= 12 kIJ.

(d) What is the cab’s kinetic energy at the end of the 12 m fall?

Ki=Ki+ W=imv} + W
= 3500 kg)(4.0 m/s)? + 1.18 x 10*J
=158 x 10*J = 16 kJ.
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Example
During a storm, a crate of crepe is sliding across a slick,

oily parking lot through a displacement d = (—3.0 m)x )
—
while a steady wind pushes against the crate with a force jﬁ E N

F = (2.0 N) X + (— 6.0 N) ¥. The situation and coordinate < —— WMEF

axes are shown in Fig.

(a) How much work does this force do on the crate during the displacement?

W=F-d=[20N)2+(-60N)9] - [(-3.0m)Z].
=(-6.01)+0=-6.01.

(b) If the crate has a kinetic energy of 10 J at the beginning of displacement E, what is its

kinetic energy at the end of d?

Because the force does negative work on the crate, it reduces the crate’s kinetic energy.
Ki=Ki+W=101+(-6.01}=4.01.

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 mi/s 130 m/s 92 m/s v,

B—-- - — B - PN
T A

1 2 2 1 2 2
;m(v“- -V )ZEm(VH -V )

) 7 2
1"H:\/vlr VTV
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Law of conservation of energy The total energy of an isolated system remains constant:

Before:
v, = 2.0m/s

Lo2_1
o mvi = _—mvi" +mgAy

Ki+ (Ug)e =K + (Uy);

&

'&—— Ke = Ki + ((Uy)i — (Ug)) = Ki + AU, = K; + mgAy

Ay=36m =27 m/s

Find: v, the same but with v, = 0:

V= \/v,‘3 +2gAy = \/(2.0 m/s)? + 2(9.8 m/s*)(36 m)

0

After: Ve = \/lgA)' = \/2(9,8 m/s?)(36 m) = 27 m/s

vi=,/2gh . Their final velocity is independent of =

both their mass and the shape of path

so they will have the same final speed at the bottom

Kathleen will li

ikely reach the bottom first since she will

accelerate faster initially and will attain a larger speed

sooner

At that position Kathleen will be faster than Paul and
will has grater kinetic energy

Paul

Ka

b - oid)

hleen
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Solved Problem 5.1 Shot Put

Problem

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 lands, and
it lands a horizontal distance of 17.7 m from the point of release.

What is the kinetic energy of the shot as it leaves the thrower’s hand?

x'g
Y=Y +xtanty -———
Vg cos” 6,
8

S
0=y, +x, tanfy — x;

2 2
2v§ cos” 6,

2
VZ _ Xs 8
0~ 2
2¢cos” 0y (yy + x, tanfy)
mx2lg
K=<mv} = —
i 4cos” 6y (yp + x, tan6 )

K =569 ]

What is the kinetic energy of an ideal projectile of mass 20.1 kg at the apex {highest point)
of its trajectory, 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?

1 )
E=—mv, (at
G

the apex, v, =0); v, =vcosé

1 2
K= ;mv‘ cos’ 6

E= %(20.1 kg)(27.3 m/s)’ cos® (46.9°) =3.497-10° ]
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5.5 Work Done by a Variable Force
Xy

W= [‘f F(x)dx = J “ma dx

X; X;

] )
ma dx = m — dx
dt

dv dv dx dv

—_— — 1!

dt — dx dt  dx

Vs o
W = J my dv = m[ v dy

L Vi

1 5
— 5 mvi.

b

my

[l
P =

A particle of mass m is subjected to a force acting in the x-direction. F, = (3.00 + 0.500x) N
Find the work done by the force as the particlemoves from x = 0.00 to x = 4.00 m.

X 4
F(x)dx = | (3.0+0.50x)dx

" 0

W=

e —

ey

40 —x=40

N . 1 5
W= | (3.0+0.50x)a’x:{3x+gx‘ I

—x=0

| g
*—“3(4)+E(4)' -0=12+4=16]
0

W=16]
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An 8.0 kg block slides along a frictionless floor as a force acts on it, starting at x; = 0 and
ending at
x3 = 6.5 m. the magnitude and direction of the force vary according to the graph shown
F(N)
40

(a)

v v
1 e 2 = $
F — F —

»x (M)

/ R i e /‘ 7’ e
0 2 1 6

(D)

The block’s kinetic energy at x1 is K1 = 280 J.
What is the block’s speed at x; =0, x = 4.0m, and x3 = 6.5 m?

l.atx1=0

v; =837 m/s = 8.4 m/s.
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2.fromx:=0toxz=4.0m

Positive work is being done on the block. We split the area under the plot into a triangle at

the left, a rectangle in the center, and a triangle at the right.

J(A0N)(1 m) 4+ (40 N)(2m) + %(4(_] N)(I1m)=120N-m
=020
K=K+ W
=280J + 1207 =4001J
K, = zmv3,
400 J = 3(8.0 kg)v3,

I

v, = 10 m/s.

3. fromx:=40mtox:=6.5m

L20N)(1 m) + (20 N)(1 m) + (20 N)(0.5

m)

work done by the force in that range is —35 1.

Ki=K,+ W
=400J — 357 =365
K, =smv3,
365 1 = 3(8.0 kg)v}

vy =9.55m/s = 9.6 m/s

The block is still moving in the positive direction of the x axis, a bit faster than initially.
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5.6 Spring Force

J\)\)\)\)\, \/ \, U \/ UJ\J’J l equilibrium position

I: F(‘Ni
(b) JU\, \}\.- \)U’b’b \/’\;’\(rﬁ > |stretched
Hooke’s Law

J)d\’ L/L/\j\jb,\/\.f‘\, #'—» stretched F :~k(x-x0)

(@) JUUUUU\"'\M\)\)\)U‘s }’ compressed F=—kx
|
|
| | |
Jmmwmm |
|
|

—_
(g}
—

(e

~—

compressed

k, that appears in Hooke’s Law is called the spring constant and has units of N/m = kg/s?

The spring force is an important example of a restoring force: It always acts to restore the
end of the spring to its equilibrium position.
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XAMPLE 5.3 [ Spring Constant o ] L ?
" PROBLEM 1 ;

A spring has a length of 15.4 cm and is hanging vertically from a support
point above it (Figure 5.15a). A weight with a mass of 0.200 kg is attached
to the spring, causing it to extend to a length of 28.6 cm (Figure 5.15b).
What is the value of the spring constant?

SOLUTION 1
2
k=- B = =14.9 N/m
X—Xp (—0.286 m)—(-0.154 m)
) -15.4 e
=
PROBLEM 2
How much force is needed to hold the weight at a position 4.6 cm above
-28.6 cm (Figure 5.15¢)? S
SOLUTION 2
-28.6
Fxt+E =0= Ry =- K =kx =(0.046 m)(14.9 N/m)=0.68 N.
(a) (b) (c)
Concept Check 5.3

Work Done by the Spring Force
x If you compress a spring a distance h
W =< kfx'dx" =—Lja? 4 L from its equilibrium position and do
s - 2 B :
work W, in the process, how much

i work will be required to compress the

*

W, =1k’ a) W,
b) 2W,
c) 0.5W,
d) 4w,
e) 0.25W,
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SOLVED PROBLEM 5.2/ Compressing a Spring

A massless spring located on a smooth horizontal surface is
compressed by a force of 63.5 N, which results in a displacement
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 between the surface and the steel ball; the steel ball
will then simply slide across the surface and will not roll.)

SOLUTION
N L [2dkd) _ [k _ [Eux.
Am m  Vm N m

_ ](*63-5 N)(-0.0435 m)
TN oo7ske

=6.06877 m/s

(a)

(b)

(c)

-~

N
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Power is the rate at which work is done. Mathematically, this means that the power, P,

is the time derivative of the work, W:
dW

Codt
It is also useful to define the average power, P as
5 W
Pe=—o,
At
The Sl unit of power is the watt (W}
1W=1J/s = 1 kgm?/s®

1 kWh = {1000W)(3600 s) = 3.6 x10° |

Is each of the following statements true or false?
a) Work cannot be done in the absence of motion. = True
b) More power is required to lift a box slowly than to lift a box quickly. False

c) A force is required to do work. True

5.4 | Accelerating a Car

PROBLEM

Returning to the example of an accelerating car, lets assume 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 that the car’s kinetic energy at 60 mph is
K =1mv? =1(1550 kg)(26.8 m/s)* =557 kJ.

The work to get the car to the speed of 60 mph is then
W =AK =K-K; =557 kJ.
The average power needed to get to 60 mph in 7.1 s is therefore
W 557-10° ]

P=— =2 " -784kW =105 hp.
At 718
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P = K = AK = A(%"nvl) = .L\}z An‘ﬂ
At At At 20 At

P %#ﬂ: %ﬁ pAV 1y pAl =%v3 p(mR)(vAt) Vo R?
S At At © At At

Power, Force, and Velocity

p_dW _Eedi

= = —Fev=Frcosa
dt dt

SOLVED PROBLEM 5.4/ Riding aBicycle

&

PROBLEM

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 pedal up the same

slope at the same speed?

SOLUTION

Power = Fv é
:(‘\

ZF"' =ma, =0= F-mgsinf = 0= F =mgsinf

P =2(82.2 kg)(9.81 m/s?)sin(4.2°)(5.1 m/s) = 602.391 W.

¥~.1

N

mg sin 0 F

mg cos 6
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A constant force delivers an average power
of 6 watts to move an object. If the object
has an average velocity of 3 m/s and the
force acts in the direction of motion of the
object, what is the magnitude of the force?

b ATl 6 watt Al Aaw gie 8 a8 alus 45055 58
uJﬁMﬁkﬂP@\&“ﬁou "3"?"'“?
ﬂwcﬂgﬁkﬁaﬁ\éwsﬂb_?,m/s
95 9801 lada

A curling stone with a mass of 19.96 kg is
given an initial velocity of 2.46 m/s. The
stone slides on the ice with a coefficient of
kinetic friction of 0.0109. How far does the
stone slide before it stops?

A\ Aoy LS ¢ 19,96 kg AN mad s
dlsial Jalaay Blall Jdo aadt @30 2,46 m/s

Obdd sl 35k s ¢l ) .0.0109 o8 S A
b gy

-

a)18.7 m
b} 28.3m
c)34.1m
d)39.2m

AK =W
1

2
—mv” = [I, mgx

2

Anas uses a horizontal force of 20N to push
a 4 kg box along a horizontal surface for

3 m, then lifts the box up to a shelf 1 m
high. What is the total work done on the
box?

Ggdiea adl 20 N Lo ke 48 5 g8 Ludl aadiad
@Jéc?,m&ﬁhuéﬂ&hmcfbthg 45
(Al il o Ll m gL ) ) (@ gaiall
S Esikall o o ad) a3 gl
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In which of the following cases is the work done is zero?

Work done by the porter on a suitcase in lifting it from the platform on to his head.
Work done by the force of gravity on suitcase as the suitcase falls from porter's head.
Work done by the porter standing on platform with suitcase on his head.

Work done by force of gravity on a ball thrown up vertically up into the sky.

oo w»

In which of the following cases the total work done on a car equals zero?

The car moves with a constant velocity.

The car moves with a decreasing velocity.

The car moves in an opposite direction to the force.
The car moves with a constant acceleration.

oW

A car, of mass m, traveling at a speed v1 can brake to a stop within a distance d. If the car
speeds up by a factor of 2, so that v; = 2v;, by what factor is its stopping distance
increased, assuming that the braking force F is approximately independent of the car’s
speed?

—( if2)mv§ ~ F_dl —>d, =d, Lli-:n', (2v: 3 =4d,
A- 2d (1/2)mv; =Fd, - RA v
B- 4d
C- d/f2
D- d/4

Two cars are moving. The first car has twice the mass of the second car but only half as
much kinetic energy. When both cars increase their speed by 5.00 m/s, they then have
the same kinetic energy. Calculate the original speeds of the two cars.

n gl
m, =2m,||K, ==K,
3 .

1, sy 1 ) 1
—2mv; |=—my, = ¥ =V,
e 2 *

“

1 2
?ml (v, +Av)

“

1 p !
=—m, (v, +Av)
PR
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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 7 = (4.25, 3.69, —2.45) m. What is the total work done by

this force?

1:\'! = Fl’ ,j'l.' + El-‘ rt'l-‘ + I:; r;

A wagon is pulled with a rope that makes
an angle of 30° to the horizontal as shown
in the figure. The tension in the rope is 50.0
N. What is the work done by the force on
the wagon if it moves 30 m on the
horizontal surface?

20 30° gl A J s diag o i Ty
b SN B JSEIN b el ga g0 laS (BB
i 8 sl 858 Al s MY Jaidi Le 50.0 N Jiad!
SN gl Ao 307 Adluce S jal 13} Ay all

1500
33001
13001
25001

oo wp
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A 1000 W electric motor lifts a 100 kg safe s A ad 1000 W 45,8 4l ¢S & aa
at constant velocity. The vertical distance OSas AN Al 1 ABlecall AL de yew 100 Kg
through which the motor can raise the safe Lo 510 s A 435A0 ad ) DA o & jaall
in 10 s is most nearly

A.1lm

B. 3m

C. 10m

D. 100 m
A spring is being stretched 0.07 m from its 13) 43 35 e (34 0.07 m Adlewa & 4215 da o
equilibrium position. If this stretching requires Lad ¢ 35.0 J o ke Did callaty aaailh 134 oS
of 35.0 ] work, what is the spring constant? Sl i 3 el

Work = Lkz?

"

. — 2%xWor
f = W

v =90 km/h_
h \:‘Lﬂl’f*?:], _—

S

i 0 =0.15

mg - v = mgusin @
By assumption, 75% of the power is supplied against gravity

0.75 P = mgusinf
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Ball A has half the mass and eight times the kinetic energy of ball B.

What is the speed ratio va/vs?

A. 16

4
1/16
D. 1/4

O w

A 4.0-kg object is moving with speed 2.0 m/s. A 1.0-kg object is moving with speed 4.0
m/s. Both objects encounter the same constant braking force, and are brought to rest.

Which object travels the greater distance before stopping?

A) the 4.0-kg object
B} the 1.0-kg object

C) Both objects travel the same distance.

D} It is impossible to know without knowing how long each force acts.

Answer: C

Smooth

If we repeat this experiment
with a box of mass 2m

If we repeat this experiment
but instead compress the
spring a distance of 2x

If we repeat this experiment
but instead use a spring
having force constant 2k

the lighter box will go twice as
high up the incline as the
heavier box

just as it moves free of the
spring, the box will be
traveling twice as fast as
before.

A} the box will go up the
incline twice as high as before.

B} just as it moves free of the
spring, the kinetic energy of
the box will be twice as great
as before.

C) just as it moves free of the
spring, the speed of the box
will be times as great as
before.
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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?

h=(1-Lcos8)

A crane lowers a girder into place at constant speed. Consider the work Ws done by
gravity and the work Wt done by the tension in the cable. Which is true?

Ws>0and Wr>0
Wgs>0and Wr<0
Ws<0and Wr>0
Ws<0and Wr< 0

O N wr

The bob of a pendulum of length £ is pulled a side from its equilibrium position
through an angle 6 and then released. The bob will; then pass through its

equilibrium position with a speed v, where vequals to:

J/2g(1 — sin®)
J/2g¢(1 + cosB)
J/2g¢(1 — cosB) S ‘!%
J2g#(1 + sinB)

S0P P

==
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An object is acted upon by a force that represented by the force vs. position graph in the

figure. What is the work done as the object moves
(a) after the first 6 m?
(b} from4 mto6 m?

{c} frombemto 12 m?

Force A
(N) 104

5--

} ; i i i — Position (m)
2 4 6 8§ 10 12

Answer: {a}40) {(b)20) (c)301

A force given by F(x) = 5x® % (in N/m?) acts on:a 1.00-kg mass moving
on a frictionless surface. The mass moves from x = 2.00 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, what is its speed at x = 6.00 m?

Xg - 5 Xp 5 4
(a) W=£ (5x )dx{gf } =, (' =x)

]. 2 1 2 ]. 5 P ) V’ 2
(b) W=AK=K;—-K,=—mv, —mv, =—m(v. —-v}) = v, = & W gy =
- - S T m
CALCULATE:
(5 N\, _
(@) W=| > — [(6.00m)" ~(2.00 m) |=1600 ]
\4 m’)

(b) v, = MHZ.OO m/s)* =56.6039 m/s
1.00 kg

AT
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A traveler pulls on a suitcase strap at an angle 36° above the horizontal. If 908 J of work
are done by the strap while moving the suitcase a horizontal distance of 15 m, what is the
tension in the strap?

A) 75N
B) 61 N
C) 85N
D} 92 N

In the figure, a constant external force P = 160 N is applied to a 20.0-kg box, which is on a
rough horizontal surface. While the force pushes the box a distance of 8.00 m, the speed
changes from 0.500 m/s to 2.60 m/s. The work done by friction during this process is
closest to

P
20 kg |

|{ 20m —

A)-1040)
B} +1110)
C) +1170 )
D} +1040 |

A road worker moves a 32 kg road marking machine by pushing it with a force of
magnitude F, making an angle of 25 ° below the horizontal. The marking machine rolls at a
constant speed of 0.5 m/s on a horizontal asphalt road surface. The coefficient of rolling
friction between the marking machine and the asphalt is 0.18. Find the power delivered
by the worker.

14 W
31 W
123 W
150 W

Mr. Adham Zewin - 0505084733

o w»




G11 Adv Physics — Unit 5 dsall] Bas gl — £l sadll T2 — 2024 - 2025

car of mass 942.4 kg accelerates from rest with a constant power output of 140.5 hp.
Neglecting air resistance, what is the speed of the car after 4.55 s?

(1 hp = 735.5 watt)

Ve =, | —. 7 _ ‘
m S s AN
o
v

An ideal spring has the spring constant k = 440. N/m. Calculate the distance this spring
must be stretched from its equilibrium position for 25.0 J of work to be done.

:

———
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