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Notes CH.(7): Kinetic Energy and Work( Jua) o 4 a1 43ual)

Kinetic energy (K.E) =% m V’

If body is stationary = v=0 =»K.E=0

The unit of energy (K.E-W) is the joule (J). kinetic energy, work and power are scalar quantities
1J=1kgm?/s* = from K.E=(1/2) mV?

1J=1N.m = from W =F.d
1J=1Watt.s =2 from W=P.t
1) =1 Watt.s (or kiloWatt.hour) = from W=P.t

Exp.(1): Which of the following bodies has the smallest Kinetic energy?

a) Body A b) Body B ¢) Body C d) Body D

Body Mass (kg) Velocity (m/s) | kinetic energy="'"2m v

A 2m 3V 1L2m)BVY=9)mV? The largest kinetic energy
B 1m 4V (1m) @ V)Y =@ mV

C 3m 1V %LBm) A V)Y =15 mV The smallest Kinetic energy
D 3m 2V 13m)2 VY =(6)mV
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Work (W)Jes
A
-~ o~
W=Ak w=F.d 1 2 .2
WS - E k(xl _xf)
Work-kinetic energy theorem Work done by a constant force Work done by a spring force
W= k;— k; W = Fd cos (0)
£ final Where F is Force (3.5
: fina d is displacement (413Y!) . —_
i: Initial 0 is the angle between the force and displacement Note: F x = k x
dal 3919 B4R Cu Al 3N
W = % mv? % m v? Note: F.d = Fd, + F,d, + F,d, (Hooke’s Law)

'4 7 \ k

W => (+ve) W = (-ve) [ \
Energy transfers Energy transfers ( W= No. AV wW=0 )
to object from object da)3Y) o gica (uli o 3 gl ciils 1) da) Y s gima o A g B i) cils )]
K.E increase K.E decrease W=F.d=Fdcos (0) F Ld (6="90%
W increase W decrease \_ =F,d,+ F,d,+F,d, ) W=F.d=0
y N \. J
V- N\
W = (+ve) W => (-ve)
1-Fisin the same direction of d 1-F is in the opposite direction of d
Aa) 3¥) ol (a3 B gl cuils 3y Jal V) olad) (use § gl cuils 13)
2-0<606<90 2- 90< 6 <180
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Exp. (2): a) A constant force of F=(5N) in the positive x-direction acts on 4kg mass as it moves from r; = 3i+4j to r, =5i, what
is the work done by force?
d=Ar =r,—r1; = (51) - (3i+4j) = (5-3)i + (0-4)j=2i - 4j
F=51i
W=F.d=5x2+0x-4=10J

b) If a force F = 210 i - 150j (N) is applied on a box, the displacement of the box due to the force is d = 15i -12j +3k
(m). Find the work done?
W=F-d = Fd, + E,d, + F,d,

W= 210x15 + (-150x-12)+ (0x3) = 4950 J

Exp.(3): If the kinetic energy of a particle is initially 5 J and there is a net energy transfer of 2 J to the particle, what is the
final Kinetic energy?

W = AK = K- K| ( net energy transfer )

Kf =AK + Ki

AK=W=+2]J (to) 2 Ki=+2+52>K¢=7)

Note: If a net energy 2 J transfers from the particle: W = Ak =-2 J (from) 2> K;=-2+5=3]

Exp.(4): Which of the following particles that moves along the x-axis has a negative work done on it?

Particle K; (initial K.E) K; (final K.E) W=Kk;- k;
A 4] 4] 4-4=0] W=> remains constant
B 9] 4] 4-9=-5] W=> negative value
C Zero 5] 5-0=45] W= positive value
D 8J 3] 3-8=-5] W=> negative value
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Work net
__ A
7~ N
Whet =W; + W, + W; Whet= Fnet - d

anﬂ:=FH-d +ﬂF2.d'+ﬂF3.d

Exp.(5):Two forces act on a box shown in figure. The box moves 8.5m to right. What is the total work done by these

forces?

Wet =Fnet d cos ()

Fp=10N

| B e A AT

Wit =W1+ W,
Whet = F1.d + F,.d
W.=F;dcos (6,)
=12 x 8.5x cos (30)=88.3 J
W,=F, dcos (0,)
= 10x8.5 x cos(40)= 65.11])
Wit =W1 + W,
=88.33 +65.11 =153 ]

Wnet= Fnet .d

Wit =Fpet d cos (0)
Fnet,X=EFx= le + F2x
YF,=F;c0s30 + F, cos40=18
Fnet,y=EFy= Fly + F2y
2F,=F;sin30 + F, sin40=12.4

F,. = /F,% + F2 = 21.86

F
Onet = tan™! F_y= 35"

0 = 0,
Wet= 21.86x 8.5xc0s35=153)

F net

Bret d

AL Faier A5 0

Fe is in part I

= 0,,.; with +x-axis
d is in +x-axis

> 0 =0,
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Exp.(6):There are two forces on the 2 kg box shown in the figure. If the box moves to right 6m. Find the work done

by F; (W) and F, (W,)?

W.=F;.d cos (0,) W,=F,.d cos (0,)
F,=30N
=20x6 xcos (0)=120] = F,.d cos (150)
= 30%6 x cos(150)= -155.88] 30° 1 F1=20N

e

Exp.(7): Two men sliding a box of mass m a displacement d along x-axis, if the work done by the first man was W,
=70 J, and the net work done on the box was W=120 J. What is the work W, done by the second man?

W, =701, W =120, W,=17?
Wnet = Wl + W2
W5 = W - W= 120-70=501]

Exp. (8): A car of mass 1000 kg accelerates at 2 m/s® for 10 s from an initial speed of 5 m/s. a) What is the final
kinetic energy? b)Determine the work done by the car.

To find v; :

vi=vitat= vi=5+2(10)=25 m/s

K= Y2 m (vp® = ¥ (1000) (25)* = 312500 ]
b) K; = %2 m (v;)* = ¥4 (1000) (5)* = 12500 J
W= K;— K; = 312500-12500= 3 x 10° J
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(Weight ¢,Jsll) dal 868 Jad (2
Fe=mg

Y

Al ) 48 a 4,88) 45 )a

A 8 e il Jadd)

v

KPL IV ‘_’b‘!
(rising- moving up-
above-ascent)

—~—

5 siiall &l i 311 5.4 o il Jdd)

F, = —kx
(Hooke’s Law)
Where k is spring constant

(N/m)

SN<iaY) 8 8 Jad (4

¥

Joh - Jiuy
(falling- moving
down-descent )

!
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Jrdd) g1 gl

Ml? 3 ( o 0 - -
L o F is variables g2 o ¢
+
W = F d cos (0) (Spring )& s} 245 58 i
F = —kx (Hooke’s Law)

L i i
(Weight ¢1}sY) cial) 3.8 Jus [ apel s gt O\ ([ siayish gha )
(gravitational force) (Normal force) (Friction)
Fe=mg
JiuY Laila Lgalad)* Fx F=ukFy,
A rhad) o agas Lgalad) | A all slad) (use Lgalas)
u\ e o
/ 40 gas A4S o \ lFu ' o
A Pl JIH 77 d Dt
rising falling _J F g
L " !
d F
Fg d Fg d M?:]on
WFy =F,dcos (0) WFy = F4d cos () WFy =Fg dcos (0) |Wg, =Fydcos (0) |W;=fdcos(0)
0 =90° 0 = 180° 0 =0° 6 =90° 0 = 180°
We, =0 W= —Fgd W= Fyd Wi, =0 Wy=-fd
_ . Wh--mgd W, - mgd J\ y
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Exp. (9): A 5.0-kg box is raised a distance of 2.5 m from rest by a vertical applied force of 90 N. Find (a) the work done on
the box by the applied force, and (b) the work done on the box by gravity? (c) What is the final velocity for box at the end
of 2.5 m?
a) We=Fd=90x2.5=225] b) For rising object: Wi, =-mgd=-5x98x2.5=-1225]

¢) v; =0 (raised from rest) = K;=0

Woiet = Wg + Wi, =225 - 122.5=102.51]

Wi = Ki=Kj='2m (Vf)2 -%2m (Vi)2

102.5 =% (5) (v)> 2 (vp)’ = (2*102.5)/5=41 > vi=6.4m/s

Exp. (10): A 40 kg box is pulled 30 m on a horizontal floor by applying a force (F) of magnitude 100 N directed by an
angle of 60° above the horizontal. If the floor exerts a friction force (f) of magnitude 20 N, calculate the work done by each
one of these forces. Calculate the work done by the weight (F,) and the normal force(Fy). Calculate also the total work

done on the box.

Wi =F d cos 0= 100 x 30 cos (60)= 1500] Fy F
W, = f dcos(180) = —f d=-20x 30=-600 J t
; 60° x=30m
Wi, =F,d cos(90)=0 > x
Fg g COS( ) < | :
WFN = FN d COS(90)=0 l
Woe= Wi + Wi+ Wiy + Win = 1500 — 600 + 0 + 0 = 900] Fe= mg

Exp. (11): A 1-kg box slides along an +x-axis on the rough floor. The box is moving from 6 m/s to 2 m/s. Find
the work done by friction

Whet = Wi = Ki—Ki=%m (vp)*-Yam (vi)’= % (1) [2° =67 = - 16]

11 a8, Jlia slifiialy AUl (38 jall & ALiaY) 48,
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Power (P): the rate of work

Iy J.Li'.f/
A
—_— —
average power / Instantaneous power \
p |14 p dw
ot o dt
— P=F.% =Fvcos()
PnEt - Pl + Pz + P3 Where F is Force (34)
v is velocity (4= sl

) 3 0 is the angle between the force and velocity (s jwll g 3 g8l (i 4391 31) /
The unit of power is the Watt (W) \ 8

1 Watt=J/s = from P=w/t
1 Watt= kg.m?/s’ (where J = kg m*/s?)

Exp.(12): There are two forces on the 2 kg box shown in the figure. If the box moves to right with constant velocity
4m/s. What is the power due to F;) and F, then find the net power?

F,=30N
P=F,.vcos (01)= 20x4x cos (0)=80]

P,=F,.v cos (0;) = F5.d cos (150)= 30x4 x cos(150)=-103.9] 30°
Po = P+ P, =80 -103.9 =-239 ] m—- |/

F,=20N
>
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Exp.(13): A person lifts a 100 N weight 2 m above the ground during 2 s. What is the power required?

Rising & W=-mgd=-100x2=-200 ]
P=-200/2=- 100 W

Exp. (14): In which of the following situation the net power =5 W?

Situation | Py P, P; Pui=P1+P,+P;

A 12 5 -7 12 + 5 -7 =10 Watt

B -13 3 -2 -13 +3 -2=-12 Watt
C 15 -12 -3 15-12-3=0

D 10 2 -7 10 +2 -7 =5 Watt

Exp. (15): A man uses a force of 200 N, which is 20° above the horizontal, ( as in the diagram) to push a box a distance of 8m.
What is the power if the man takes 12 s to push the box?

F=200N, 0=20°, d=8m, t=12s

pP= w_ Fdcos(8) _ (200)(8)cos (20)
ot t N 12

=125 Watt
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Problems:

1- Which of the following groups does NOT contain a scalar quantity?

A. velocity, force, power
B. displacement, acccleration. force
C.  acceleralion, speed, work
D. energy, work, distance
L. pressure, weight, time
ans: B
2- A crate moves 10m to the right on a horizontal surface as a woman pulls on it with a 10-N force.
Rank the situations shown bhelow according to the work done by her force, least to greatest.

AN A 10N
10N A
10N
AANTE TR LS o AN AANT R R 4 NN AMANTE R R AR R AN
1 2 \ 3
\q

A 1,23

B. 2,1, 3

C. 2,31

D. 1.3, 2

L. 32,1

ans: E

3- An object moves in a circle at constant speed. The work done by the centripetal force is zero

because:

A. the displacement for each revolution is zero

B. the average force for each revolution is zero

C. there is no friction

D. the magnitude of the acceleration is zero

E. the centripetal force is perpendicular to the velocity

ans: b

4- The work done by gravity during the descent of a projectile:

A. s positive

B. is negalive

C. is zero

D. depends for its sign on the dircction of the y axis

E. depends for its sign on the direction of both the x and y axes

ans: A



