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1. Show that work is done when a force is applied through a displacement. student Book P.[182 - 183)
2. Recall that a perpendicular force (perpendicular to the direction of motion) does no work, but only changes the direction of
mation of an ohject.

Figure 1 P.182

1. Determine the mechanical work done on a body by a constant force divided by a displacement as the dot product of the
force vector and the displacement vector, and explain that the work dene by a variable force is represented by the area under
the force-displacernent graph.

2. Mustrate when work is positive, negative or zero with suitable examples. Q.1-19) P.[186 - 187]

student Book P.185

Student Book P.[190 - 192)
Apply the relationship between power, the work done by a force, and the time interval in which that work is done [P=Wt).

Q.{14 - 18); @.(25 - 26) P.191; P.192

MCQ - e gudgell dliwlil

6.

1-Show that work 1s done when a force is applied through a

dl Spl acement. student Book P.185
2. Recall that a perpendicular force (perpendicular to the direction  au-9 P(186-187)
of motion) does no work, but only changes the direction of motion

of an object.

What is the Work?

@ Hence, in Physics work is related to two correlated factors

(1) Applying a force to the body.

(2) Moving the body for some displacement in the direction of force action.

https://wa.me/message/PH6I7RBR27EJF1




Work Law

(first case) Force in the same direction of displacement.

W=Fd

@ GY inspire & ADV
; ul

4 ol ¢
al ull

For example

1. The player who lifts weights up
does work

>

2.2 that is N.m
| kg.m /s* = »>1 ‘or)
equivalent to -

joule (J)

The measurmg | of Work
unit ,J

https://wa.me/message/PH6I7RBR27EJF1
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Work Law

(second case) Force makes angle with direction of displacement.

R GY inspire & ADV
B )h;| ol
ﬁh

ol ol pal
i 1

W =Fdcos©O

4
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Can there be a force and zero work? 2
1- When the body is not moving. Yes.
2- The force is perpendicular to the direction of motion.

The work done by a force equals zero when the direction

_____
- ~w

of this force (F) is perpendicular to the direction ‘ Xy

9 =90° of the displacement (d).

. W =Fdcos90° =0
F Example:

A girl moves horizontally while carrying Sun

Was

a bucket where the direction of the force that the — ;
\ ane
Sy . . /
~d girl’s hand exerts on the bucket is perpendicular
\\ ,’
\ ’

S ,/

lhc hlleC[. SS -7 (Not to scale)

——————

to the direction of the horizontal displacement of

Notice that: when force perpendicular (perpendicular to the direction of motion) does
no work, but only changes the direction of motion of an object.(object rotate)
eaandl 3393 Corans 18 Loa sl 4,5 olF1 & ,1a5 LgiST ¢5ad JA ¥ I l3¥ 1 ol Lle Zysgac 354l (_’3S.'o'ln..ﬁ.c-
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Determine the mechanical work done on a body by a constant force divided by a
displacement as the dot product of the force vector and the displacement vector, and explain
that the work done by a variable force i1s represented by the area mpo ‘ P15

under the force-displacement graph. ‘

Q(1-9)
2. Illustrate when work 1s positive, negative or zero with suitable examples.

l Calculating the work done graphically

Work done can be calculated graphically by using the (force-displacement) graph,
as follows:
The area under a force-displacement graph is equal to the work.

p,(186 - 187)

WORK DONE = Area of rectangle
Constant Force Changing Force
200} 20.0] = (length X breadth)
g = =20.0x 1.50 = 30.0 J
8 8
8 8 |
WORK DONE = Area of rectangle
0.0 1.50 ’ 0.0 .50
Displacement (m) Displacement (m) I = ( 1_ base X height)
N ) 2

_20.0x1.50
- 2

=15.0J

https://wa.me/message/PH6I7RBR27EJF1
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W )1..;| gakal
o

Calculate the work done by the force.
X

3500 T
3000 +

2500 +

2000 +

Force (N)

1500 +

1000 +

500 +

0 10 20 30 40 50 60
Displacement (m)
Calculate the work done by the force.
¥

3500 T

3000 + 210.0

2500 +

2000 +

Force (N)

1500 +

1000 +

w00 1 | 40.0

0 10 20 30 40 50 60 0
Displacement (m)

-
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Can work be negative?

B

kA
a?:m@:m
il 2

el J2 201 3650 OF oSas Ja
W = FdcosB

The angle between the force and the direction of displacement is greater than 90

The work done by a force has a
negative value as the angle between
the direction of this acting force (F)

o o
150°>9>90 on the body and the displacement (d)
F is greater than 90° and less than 180°,
| so the cosine of the angle is a negative
value.
-
: Example:

A person is trying to pull a box while the object is moving opposite
to the direction of the force.

https://wa.me/message/PH6I7RBR27EJF1
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The work done by a force has a maximum

X GY inspire & ADV
B )h;| ol
ﬁh

ol ol pal
i 1

: - e T
negative value when this acting force (F) R e —
0 = 180° on the body and its displacement (d) are in '~ ' ‘““—‘: s
opposite directions. B S—
—d
F < - W = Fdcos 180° = - Fd

»Example:
The work done by the frictional forces (such as the force of brakes).

At When work largest as possible (+) @ = 0
At When half maximum @ = 60
At When largest as possible.(-) 8 = 180

https://wa.me/message/PH6I7RBR27EJF1
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@ L G9 inspire & ADV
i Jh;| ol

élﬁmﬁ?ﬁ
Fonbox by you = 3N Fon box by friend = —1.5N
Won box by you — 3J d=1m Wy box by friend = —15
~

Frorma = Mg
Woorma = ON

Wy,=ON

https://wa.me/message/PH6I7RBR27EJF1
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WORK A hockey player uses a stick to apply a constant 4.50-N force forward to a 105-g puck sliding
on ice over a displacement of 0150 m forward. How much work does the stick do on the puck?
Assume friction is negligible.

R GY inspire & ADV
a .1..;| malial

W = Fd cos 6
= (4.50 N)(0.150 m)(cos 8) Substitute F = 450N, d =0150 m,cos # = cos 0° = 1.
= 0.675 Nm
= 0.675J 1J=1N:m

https://wa.me/message/PH6I7RBR27EJF1
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1. Refer to Example Problem 1 to solve the following
problem.

GY inspire & ADV
W ,1..;| ul

il g

a. If the hockey player exerted twice as much force
(9.00 N) on the puck over the same distance,
how would the amount of work the stick did on

the puck be affected? caclaty sgnll dnclas ola W= Fd 4¥ .a .1
b. If the player exerted a 9.00-N force, but the stick 135 J J) Jad Jazll

was in contact with the puck for only half the Jatdl oo aslal) ‘W = Fd u'b’ b

distance (0.075 m), how much work does the 0. 68 J ) N

stick do on the puck?
adl)) Al Jod 1 Jled) oo,y W1
St caSs Bl ) Sesd) ge,3 Gl (9.00 N) spall Canin Sodl ce¥ Jds 13) @
I Sse) Ut le Lasd) adiy ) Jidd) aueS
1oz 28l Chnn oLl duede Lasll cum oSIy N 9.00 Lajlazs 559 Sedll e ¥ iy 13) b
Yuesall e Laall dis i) Jaddl Hlane Leb (0.075 m)

https://wa.me/message/PH6I7RBR27EJF1
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2. Together, two students exert a force of 825 N in
pushing a car a distance of 35 m.

A GY inspire & ADV
B Jh;| ol
ﬁh

ol ol pal
i 1

29%x10*J .a.2
5.8x10*J b

a. How much work do the students do on the car?

b. If their force is doubled, how much work must
they do on the car to push it the same distance?

35 M aslue 3;Lcw ada) B25 N Lajlane 353 Lae oldls Jio .2
8 k) Gle Gllall diy i) Jadd) jlaze L @
Slgais 32luaal) Lgadad 3 5kend) o o oo g i) il oo Led (Logied canelas 15 b

13
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3. A rock climber wears a 7.5-kg backpack while a2
scaling a cliff. After 30.0 min, the climber is 8.2 m
above the starting point.

a. How much work does the climber do on the

backpack?
2
b. If the climber weighs 645 N, how much work 6.0x104J .a .3
does she do lifting herself and the backpack? 59x103J b

Aylad) ddam 58 8.2 M glasyl J) aalas))

ol apas le dalund) dis il Jad) laae Lo .8
Calall Aoy Ly g, atliy i) Jadd) jlane L 645 N aaluzl) ojs oIS 15) b

https://wa.me/message/PH6I7RBR27EJF1
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4. CHALLENGE Marisol pushes a 3.0-kg box 7.0 m hes] gali
across the floor with a force of 12 N. She then
lifts the box to a shelf 1 m above the ground. How
much work does Marisol do on the box? 1.1x102 J .4

Lalyaza 353 a,¥) Ll 7.0 M aaluo 3.0 KG wilsS Byuie s pda5 A jwsand & lee .4
Tagarall e L85

https://wa.me/message/PH6I7RBR27EJF1
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FORCE AND DISPLACEMENT AT AN ANGLE A sailor pulls a boat a distance of 30.0 m along a dock
using a rope that makes a 25.0° angle with the horizontal. How much work does the rope do on the
boat if its tension is 255 N?

System: boat

+V L Rt
'r
+x,
‘f . ]
: \ F
i
' NS08
Vs /. =
S L.t a
o /
........ >~ F cos 25.0°
Sailor does Work on the boat.
W = Fd cos 6

= (255 N)(30.0 m)(cos 25.0% Substitute F = 255 N, d = 30.0 m, § = 25.0°.
= 6.93%x10° J

https://wa.me/message/PH6I7RBR27EJF1
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5. If the sailor in Example Problem 2 pulls with the
same force through the same displacement but at
an angle of 50.0°, how much work is done on the
boat by the rope? 492x103J .5

R GY inspire & ADV
B )h;| ol
ﬁu

ol ol pal
i 1

Ly a15¥) I gzt 3520l o)lad) oo w3 2 JLI 3 L) olS 13) W5
The 1ntelligence in the question 1s that the greater the angle between the direction of the force
and the displacement (in the positive direction), the more work 1s done, because the angle
relationship here is Cos

J15adl § IS Sy
Cos Lia Zuol301 385e ¥ Jaddl ... LalS (ostzng 413319 398l alf) Gy Aagldl Cualy LalS 9o

L —

o T
F ;‘ : _—
As the angle between 9:’ s 0 oo Note: As_the angle between F F
force and displacement (0) d ! T ! force and displacement (0) \_\ \(\

Larger work (W) Lesser work (W)l increases from 90° to 180°, 0 0 .

the cosine of the angle (cos 0) LAH'!:'“! \_Ji_'r... |

d T |
increases, hence the work done | o«ser work (W) Larger work (W)
by the same magnitude of force

increases if the body undergoes the same displacement.

increases from O to 90°,

the cosine of the angle (cos 0)
decreases, hence the work done by the same magnitude of force

decreases if the body undergoes the same displacement.

https://wa.me/message/PH6I7RBR27EJF1
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6. Two people lift a heavy box a distance of 15 m. i
They use ropes, each of which makes an angle of
15° with the vertical. Each person exerts a force of
225 N. Calculate the work done by the ropes. 65%103 J .6

Ld 225 N Lajlans 353 gasiid] oo JS Jin -l ) ssoell ga 15% a0l
Tl iy ) Jasd) laas

https://wa.me/message/PH6I7RBR27EJF1
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7. An airplane passenger carries a 215-N suitcase up
the stairs, a displacement of 4.20 m vertically and
4.60 m horizontally.

a. How much work does the passenger do on the
suitcase?

R GY inspire & ADV
B )h;| ol

o jlodl aalie
LR

b. The same passenger carries the same suitcase
back down the same set of stairs. How much
work does the passenger do on the suitcase to
carry it down the stairs? —903J b

21330 ilis aliad) olel L) 215 N Liss yam deao 550a oSl o -7
Lzsl 4.60 M, i, 4.20 m
Sl d a> e S alis ,é.jdl Jaddl jlasas L .a

Lo gy @) Ls U350 505 8o Lpunid Laaw)) i awis S Jos b
Selidl Jowl ) Lplesd ol aoas le S adis @i Jaad) Hlazne

903 J .a .7

\/@)llsﬁ\ sl 5 Aa Y1 olad) apaay faus Lt ‘ \/cj);\;jﬁ‘ W=Fxd=(mg)xd
W=Fxd=(mg)xd L W=215x4.2
” 7 _ i il ‘
A e 5 W < (71:2) . W =903 J
sl 42m ¥ sl

4
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8. Arope is used to pull a metal box a distance of 15.0 m
across the floor. The rope is held at an angle of 46.0°
with the floor, and a force of 628 N is applied to the
rope. How much work does the rope do on the box?

GY inspire & ADV
; ul

4 ol ¢
al ull

olS 13l @J?IL,J.L150muLuL,JJ_uk33m|_.:-_mU£LL:IaM .8
s ] uj 628 N Lﬂ_;'fd..n.u 03& 859 ua_jf] L,J.r. 46 0° 3.131_,.1- lJnyJ.u J.Q-J'F

W =Fdcos 0

W =628 X 15 cos 46
W =6,544]

https://wa.me/message/PH6I7RBR27EJF1
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9. CHALLENGE A bicycle rider pushes a 13-kg i e ) Bl i gy ol o sl
bicycle up a steep hill. The incline is 25° and the B JSA Jhpage g LS2TOM ol Jyby 25 Ll il gl

hill is 275 m long, as shown in Figure 5. The rider :25Nujlmm,huymw@a_,.|‘,g|¢u|mg
E?de:l,the bike parallel to the road with a force e i g

Vol ole doilol igh i il Jidd Juia o
a. How much work does the rider do on the bike? Gl ol el it s i)

b. How much work is done by the force of gravity
on the bike?

https://wa.me/message/PH6I7RBR27EJF1
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8-Apply the relationship between power, the work done by a force, and the time
interval in which that work 1s done (P=W/t). Student Book ‘ p,(190-192)

R - - . The rate at which energy Q.(14-18); Q.(25-26) | P.191; P.192
is transformed is power.

Power

Power is equal to the change in energy divided by the
time required for the change.

_ AE
P=c

Power is measured in watts (W). One watt is 1 ] of
energy transformedin1s. Thatis, 1W =1 J/s.

5ydall Sialy Jadd! 5Ly caill 48 Lals

P =3600W P=1800W

https://wa.me/message/PH6I7RBR27EJF1 6’ W‘ dm m ’91-5 )
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Power-Force/Velocity-Force Graph Figure 11 When riding a multispeed bicycle, the
1250 output power depends on the force you exert and

1000 g your speed.

Velocity Output power

Velocity (m/s)
NGow B O

18]

o

o
Output Power

0

: 0
0 100 200 300 400 500 600 700 800
Force (N)

. e

Power and speed When the force has a component (F ) in the same

direction as the displacement, P = {}— However, v = t—: so power can be
calculated using P = F v. From the equation P = Fv, you can see that either
zero force or zero speed results in zero power. Our muscles cannot exert large
forces nor can they move very fast. Some combination of moderate force and
moderate speed will produce the largest amount of power when cycling, for
example. Figure 11 shows that for a certain cyclist, the maximum power output
is over 1000 W when the force is about 400 N and speed is about 2.6 m/s.

https://wa.me/message/PH6I7RBR27EJF

1

23

g3l alliae 1933



physics DRAbdallah @

14. A cable attached to a motor lifts a 575-N box
up a distance of 20.0 m. The box moves with
a constant velocity and the job is done in 10.0 s.
What power is developed by the motor in W
and kW?

1.15x10° W; 1.15 kW

A GY inspire & ADV
B Jh;| ol
ﬁh

ol ol pal
i 1

20.0 m asluo el ) wd, 575 N o5 gsaie 23,3
dgoio de s @gaiall 2oy o Juage clla dla by

) omed) Lasdss i) 3yua)) Ld 10.0 s s degedt JoaSsy ansls
) kW 50595 W 3054,
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15. You push a wheelbarrow a distance of 60.0 m at
a constant speed for 25.0 s by exerting a 145-N
force horizontally.

A GY inspire & ADV
B Jh;| ol
ﬁh

ol ol pal
i 1

a. What power do you develop?

b. If you move the wheelbarrow twice as fast, 348 W .a
how much power is developed? 696 W b
Jid 25.0 5 saed anl dc uws 60.0 M adlue dysny i,e a0
2231 145 N La,lane 343
Tasdss 2l 3,ua)l Jlane Lo .2
5 aal) lane L3 de wl) caniny aygad) & all o s5 cuS 13) b
TLlaalss ‘___,;JI
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A GY inspire & ADV
B )h;| ol

16. What power does a pump develop to lift 35 L of i oy
water per minute from a depth of 110 m? (One liter
of water has a mass of 1.00 kg.) 063 kW

a3y JS oLl e 35 L a8 ) dsuae Landss il 3,0l lace Lo
(1.00 kg ailss als <L) co TL JS) $110 M o oo

https://wa.me/message/PH6I7RBR27EJF1
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A GY inspire & ADV
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17. An electric motor develops 65 kW of power as it ==
lifts a loaded elevator 17.5 m in 35 s. How much
force does the motor exert? 13%105 N

oS anims 28, o8] 65 kKW 3,08 3,45 &,one oo
Ll ie 2l asall Jlane Lo .35 5 JMs 17.5M ablis o)
LI R |

https://wa.me/message/PH6I7RBR27EJF1
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18. CHALLENGE A winch designed to be mounted i
on a truck, as shown in Figure 10, is advertised ol LS Coven 28] e oMed! gty gkt e .14
as being able to exert a 6.8 x103-N force and to o ;ﬁv\ff‘l S i di;g (R Sl
develop a power of 0.30 kW. How long would Y H»J::;:ﬁ! P ﬁﬁmﬂ - ﬂfﬁ

it take the truck and the winch to pull an object - " 5m

! G9 inspire & ADV
B )h;| ol
ﬁh

ol ol pal
o 1
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19. Work-Energy Theorem How can you apply the el
work-energy theorem to lifting a bowling ball
from a storage rack to your shoulder?
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25. Work and Power Does the work required to i
lift a book to a shelf depend on how fast you
raise it? Does the power required to lift it

depend on how fast you raise it? Explain.
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26. Power An elevator lifts a total mass of
11X10° kg a distance of 40.0 min 12.5 s.
How much power does the elevator deliver?
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