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G9- ADV - Inspire Physics

i

Lesson 1: Work and Energy

% Work (W) is done when a force (F) is applied to a system and causes displacement (d).
% Formula:

» W=Fd

* Work is positive only when force and displacement are in the same (or

partially same) direction.

Sl Unit of Work
e Joule (J)is the Sl unit.

e 1Joule=1Newton x 1 meter(1J=1N-m)

Together, two students exert a force of 825 N in pushing a car a distance of 35 m.
How much work do the students do on the car?
.2 35 Alucal Bl a8 B (1510 825 W ka3 g8 laa (lallh Jdy
) Ao Glallal) dliy o3l Jadd) laka La

W = Fd = (825 N)(35 m)
=2.9x10% J
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Zero Work

1. When the force is perpendicular to displacement, no work is done.

« Example: A planetin circular orbit around the sun.

o Force (gravity) is perpendicular to motion.

o' Speed doesn't change = no change in kinetic energy =>W =0

2. No.Motion

- -

Sun

Planet ; i

S —-—

-~

2

Vi
’

~
-
- (Notto scale)

Work by a Force at an Angle

o« Aforce applied at an angle has two components:

o Horizontal (Fx): Contributes to work.

o Vertical (Fy): Does no work if no vertical displacement.

e Onlythe component in the direction of displacement (Fx) does work:

Example:

« A 125-Nforce is applied at a 25° angle:

W =F-d cos 6

Mr. Adham Zewin - 0505084733
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o Fx=125N % cos(25°)=*113 N
o Fy=-125N x sin(25°) = -52.8 N (no work if displacement is horizontal)

o Work = Fy x displacement

+yn

"If the work needed to move the car was 610 J, what distance did the car move?"

"3 baeal) Lglndad ) ddlucal) Lad 610 J B laead) i ol 2 ) Jaad) LS 13

Special Angle Cases
Angle (0) | cos(0) | Work Done Explanation
0° 1 W =Fd Force and displacement aligned
180° -1 W=-Fd Force and displacement are opposite
90° 0 W=0 Force is perpendicular to displacement

Mr. Adham Zewin - 0505084733
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4 Kg box moved 2.5 m when a 30 N force d B
is applied with angle of 45° with ARy T 3
horizontal o T \ Fy
g . i
4-."2.5m Adlea £M4Kg MSSS&M +y \ F I"
GR8Y) aa 45° Ay5035 30 N L ylake 358 aladiu N
+x S~ -

Find the work done by gravity force (Fg)

Audlat) 5 g8 ddad) gy Jgduall Jad) as gl
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Work done by many forces

The force you exert (3N) is in the
direction of the displacement and Your
friend exerts a force (1.5 N) in the
direction opposite the displacement
the box moved 1 m to the right

Alsg Aal3Y oladl b (e B) W A A 5 4Rl
42330 (uSlaal) olaTY) B (A 1.5) gk tisa
Crad) A a1 ABlca (§ galuall &l

d=1m
—_— %

~

Fiviead on box =

~15N

— i

Frorma = mgT

—

_mg

Find the work done by you &k ¢e Jodsall Jaddl 2a )

Mr. Adham Zewin - 0505084733




G09 ADV Physics Final Revision duilgdl) daa) pall — sl 3udll T3 -2024 - 2025

Finding work done when forces change

Constant Force Changing Force

20.0

Force (N)
Force (N)

0.0 150 0.0 1.50

Displacement (m) Displacement (m)

W = Fd = (20.0N)(1.50 m) = 30.0]. (%) (base)(altitude),

W= (3)(20.0N)(1.50 m) = 15.0].

Use the graph to find the required work to stretch the spring from 0.12 m to 0.28 m
20.28 () 8 0.12 (3o il yaall quplhaal) Jadd) sl (Al Jiall) aadin)

Force v. Elongation
10.00 T

800

6.00

Force (N)

4.00

2.00

Q.00
010 0.20 0.30
Elongation (m)
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Find the work done to pull the object 7.0 m.

p 7.0 ddluia anal) iaad Jgdaal) Jril) 2 ol

Force v. Displacement

60.0

i
o
o

Force (N)

20.0

00

2.0

4.0 €0 B.O

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

Gladial) gual (A58 30,0 4o 2, siade Bl el 7.5-kg WAS e Auda sdiall Al aaf i
Aol ddi 368 8.2 m Uiyl e

a. How much work does the climber do on the backpack?
el Auda o gludall Addy X Jodd) lada L ]

b. If the climber weighs 645 N, how much work does he do lifting herself and the
backpack?

€ gdal) Ayl g Al ad 1 Ally 1) JRd) )aha Lad (555 645 (Blediall ()39 CAS 13)

CHALLENGE Ali pushes a 3.0-kg box 7.0 m 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 Ali do on
the box?

ol i ) asiall b5l 12 N By Ga ¥l e 7.0 m Ala o 3.0-kg 4ilS bgaia o gby 3as
Clsiiall o o Al 1) Jadd) jlaa e M) (Gsd 1 m gl
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Practice Problems

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?
W = Fdcos6

= (255 N)(30.0 m)(cos50.0°)

=4.92x10° J

Two people lift a heavy box a distance of 15 m. 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?

W = Fdcoséd
=(2)(255 N)(15 m)(cos15°)
=6.5x10° J

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?

Since gravity acts vertically, only the vertical displacement needs to be
considered.

W= Fd=(215 N)(4.20 m) =903 J

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?

Force is upward, but vertical displacement is downward, so

W = Fdcos@
= (215 N)(4.20 m)(cos180.0°)
=-903 J

A rope 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?
W = Fdcos{d

= (628 N)(15.0 m)(cos 46.0°)

=6.54%x10° J

Mr. Adham Zewin - 0505084733 n
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CHALLENGE A bicycle rider pushes a 13-kg bicycle up a steep hill. The incline is
25° and the hillis 275 m long, as shown in Figure. The rider pushes the bike parallel
to the road with a force of 25 N.

A LS 275 m Jill Jghy 25° absa  laaiy) pad J5 o ) 13-kg WAl da) ) 4l ga Al 2 dal e 81 ady
25 N. 55h Gl ) ga olad) (B )l Sl gy JS&) (b guida e

/\

7"

\/ *‘ﬁxz
1?}&,.

. \1250

a. How much work does the rider do on the bike?
Force and displacement are in the same direction.
w =Fd

= (25 N)(275 m)=6.9x10°)

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

The force is downward (90°), and the displacement is 25° above the horizontal or
115° from the force.

w = Fd cosq = mgd cosq
= (13 kg)(9.8 N/kg)(275 m)(cos115°)
=-1.5x10* J

Mr. Adham Zewin - 0505084733
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1. What is required for work to be done on an object?

A. Force alone

B. Displacement alone

C. Force applied through a displacement
D. Motionin a circle

2. What is the Sl unit of work?

A. Newton
B. Joule
C. Meter
D. Watt

3. One joule is equivalent to:

A.1N-s

B.1kg-m
C.1TN-m
D. 1 m/s®

4. If you apply a force of 1 N to lift an apple 1 meter at constant velocity, how much
work is done?

A.0)J
B.1J
C.10)J
D.100)J

5. In the equation W = Fd, what condition must be met for it to be valid?

A. Force must vary

B. Displacement must be zero

C. Force must be constant and in the direction of motion
D. Force must be perpendicular to motion

6. What happens when the applied force is perpendicular to the direction of
motion?

A. Maximum work is done
B. Work is negative
C. Noworkis done
D. Force is doubled

Mr. Adham Zewin - 0505084733
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7. According to the text, the gravitational force does no work on a planet in orbit
because:

A. The force is zero

B. The displacement is zero

C. The force is perpendicular to the direction of motion
D. The velocity is changing

8. What angle (0) between force and displacement results in maximum work?
A.0°

B. 45°

C.90°

D. 180°

9. If 0 =90°, what is the value of cos 6 and the work done?

A.cos 6 =1, Work =Maximum

B.cos8=0,Work=0

C. cos 8 =-1, Work = Negative

D. cos 6 =0.5, Work = Half

10. What is the mathematical formula for work when force and displacement are
not in the same direction?

A.W=F+d

B.W=F/d

C.W=Fdcos 8

D.W=Fdsin©

11. In the book bag example, why is W = Fd?

d
M
A. Because the object is at rest g
B. Because 6 =0°, and cos 0°=1 E
C. Because force is perpendicular to motion S

D. Because displacement is zero

Which of the following is not a unit of work? Jadll Gulbdl 3aa g (ud AY) Ga sl

A-N/m
B.N.m

c.J
D. kg.m?®

)
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L)l e ol el ala e Jlo g8 a)l S8 Ja) LS
? 3 xiall o Tl S J3g Lba ol ccpadl slaty e

As shown in the figure, four forces act on a wooden box
moving on a grassy floor towards the right. Which of the
forces does a negative work on the box ?

| Tl
S

(=R

=l Tl

=

Y

oladl il BB dde 3¢ x)pmadsb e ol 2.0 kg 43S pen
50 Cha oyl SR o le (Al g1 6 LS s iy 646 5
tx=16.0m J x = 00 puall e

= 8.0 1‘-2 - 240 A20 -kg object, moving along x-axis experiences a
- force in the same direction. The force varies as ’
-15. shown in the graph. What is the work done by the
-15.0 force on the object from x = 0to x = 16.0m?
Al 180)
B|240]
C|120/
D |60)
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