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Term One:

Module 10: Energy and Its Conservation
Lesson 2: The Many Forms of Energy
Lesson 3: Conservation of Energy

Module 22: Quantum Theory and the Atom
Lesson 1: A Particle Model of Waves
Lesson 2: Matter Waves
Lesson 3: Bohr’'s Model of the Atom
Lesson 4: The Quantum Model of the Atom
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bi; o gias Gudl) 18 LESSON 1: WORK AND ENERGY
Jidll gl Ada d3Ual) g Jadd) = Jo¥) ()
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When a force (f) exert on a system while the point of contact moved (displacement), work ( W ) is done on the ™

system P, - . i ELE
y AL e (W) Jad 08 efFal 1) (uadall A o sy Le ol e £) 558 i3 Lasie

The Sl unit of work is called a joule (J) OR (N.m)

W = Fd cos 6 W : work ()
F : Force exerted on the object. (N)
d : the magnitude of the displacement the object moves. ( m )

0 : the angle between the force and the displacement.

Q1 | Determine the work you do when you exert a force of 3 N at 45° Ay, 3 5en3 o ylaie 5 shy il die Jsdaall Jadll Camal
an angle of 45° from the direction Aaly yie ddload 5 A8 jal) olasy Al
of motion for 1 m
A 121.2)
B. 10.212)
= B PXPY s
% E
V5| D. 13.0J %
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Energy & The Work-Energy Theorem ABUal) 5 Jadd) 4y s

Enerqy is a system's ability to create change in itself or its surroundings.
Work is the mechanism that transfers energy in or out of that system.
Abina bl audi b et Glas) e WUl 5,38 o Adlal)
dia gl alail) Gl ) A8l Jaw ) AN e Jaudd) g

SN ST

Kinetic Energy (KE): Energy of motion, defined KE %771'02
mathematically as:
Units: Both work and energy are measuredinJoules (J). 171 N.m~1 ke - m?/s?

Work-Energy Theorem (W = AE)  : Doing work on a system changes its energy. |\W = % m (v - v,2)
Condition Energy Transfer
System's Energy
Positive Work (W > 0) Work is done on the system
Increases (T) Negative Work (W < 0) System does work
on surroundings Decreases ()

SSI ST
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Q1)An 875.0 kg car speeds up from 22.0 m/s to 44.0 m/s. 4122.0 m/s (e WS (= 875.0 kg LS 8w 3
— A)What are the initial and final kinetic energies of the car? 44.0 m/s

% B) How much work is done on the car to increase its speed? 03 Lol dilgl) g Ailaiy) A ol JBls Laa ) &
! g o 5330 8 ol (1o Jsaal) Jodll e i
Q2 | What type of work is done when you exert an 5S il duslaa 398y i) Mo Jiu o3 Jadd) £ o La
opposing force to stop a moving ball? A< jata
A. | Maximum work
B. | Positive work
5 C. |Zero work -
= )
\\?& D. | Negative work \%
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Q3

A 3.0 kg object is moving along a surface with an
initial speed of 4 m/s .A net external force does 20 J
of work on the object in the direction of its motion.
What is the final speed of the object?

Juisd m/s A0 de juy mhaa (Je3.0 kg 4GS aua & ey
olail L anal) e J5220 o laie Sl dpa jlall (5 8l Alians

5.4 m/s

4m/s

2.50m/s

ol o = »

0.48 m/s

A car with a mass of 1000kg is traveling on a flat road
at an initial speed of 20m/s If the brakes apply a
constant net frictional force of 5000N to stop the car,
what is the minimum stopping distance?

AL Ao joy siwe (ke 1000kg LaliS o &l ot
la jlaie 455 dliase SlSial 5 5o Sl <y 13120m/s W a8
0 gill 4 Y dilise J81 & Lad 63 )Ll GEY5000N

80m

40m

25m

ol o = »

20
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LESSON 2 :THE MANY FORMS OF ENERGY
iéthl\ JM\ . gim\ U.AJ.\.S‘

Eg
% o
Kinetic Energy
Transitional kinetic 4Bk
energy 44| sd\Rotational kinetic energy
@m_"\;‘ ;\:ﬁsﬁ" da ot
_1 2 1
KE, an _Emv KE,_ . =Elw2
o5 the mass of the quect (Kg) | is the object’s moment of inertia(kg.m?)
v is the magnitude of its velocity (m/s) : s :
w is the object’s angular velocity ( rad/s)
b~ -
In Figure The diving board does work on a diver, giving him two types of kinetic energy: s
Translational: His center of mass moves through space. l " 9

Rotational: He spins around his center of mass.
Water Entry: Upon entry, his energy becomes mostly translational.

e,

v
Note:When a skater pulls their arms inward, their moment of inertia (1) decreases. ‘
Because angular momentum is conserved, their spin speed (w)increases rapidly.
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When a skater pulls their arms inward, |33e 4903 e pu B (JalAll gl dse) 43 gl Jial) aday Ladic

their angular velocity generally
A. |Becomes zero
B. |increases
C. |Decreases
D.

Does not change
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o @ |Arotating object has a moment of inertia | 2.0 kg - m? )8 13 ;b a2y ) 99 amy aialy
ki of 2.0 kg. m?*and an angular velocity of | 4:,all 43U 4 L4.0 rad/s R8s 4515 4 sy
. 4.0 rad/s. What is its rotational kinetic P4 ) gl
energy?

A 132)

Y

C 12

D [16)
‘4
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Gravitational Potential Energy: Is the energy an object has due to its position above Earth, energy due to

Potential Energy =3l 4ilk

Potential Energy :Energy that is stored due to interactions between objects in a system
Lo gl L alual) ¢ e Wil Aot 45 a0 A8Ual): aua o)) di

S YIS

Qﬁu\.muw’ g‘ c@JY‘Ebmdﬁdﬂ:\*ﬁw\mgﬂ‘uw‘g& i,,\,\:\.&“ &’43.“ adld

its height
GPE = mgh m:Mass (kg) , ¢:9.8 m/s® h: height of earth surface (m) Asli)
D e e caa Energy Bar Diagram
s
/4 %’\‘ KE GPE KE
& &
4 N
/ |
fA Maximum kinetic energy. ."\-,
/ minimum potential energy '.|
= | Y Begi i Risi Highest Falli End of A
= B . eginning isin ighes allin nd o L
\\zé Q of flight (at % ’g’) point (at %3) flight é’%
.
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Work done by gravity

1- The object moving back down W, = +mgh
g .

2.The object moving upward Wg —

—mgh

Energy transformations :The ball’s energy changes between kinetic energy (KE) and

gravitational potential

SSie)se

As the ball rises: KE decreases and

GPE increases.

At the highest point: velocity is zero,
so KE = 0 and energy is entirely GPE.
As the ball falls: GPE changes back
into KE.

The total energy remains constant

because no external work is done
The reference level can be chosen

at any convenient height.
At the reference level:
h=0,GPE=0

SS st

(GPE).Anial) aua gl 48U g(KE) A4S jad) 48Ul ¢y 5 S0 A8l iz A8ULY) <Y gl

Reference Level at Juggler’s Hand
Beginning Middle End

A
h+ ( ) 0

f Reference

Reference Level at Highest Point

Beginning

e - —————————

Reference
level

A

level
ot--( )--------------- ( )--- -hi

®

KE

GPE

Middle

KE GPE

End

GPE

S IR
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Q)You lift a 7.30kg bowling ball from the storage rack and hold it up to your shoulder. The storage
rack is 0.610 m above the floor and your shoulder is 1.12 m above the floor. 3
o8 50.0610 Alaa 0 a3l Co )y adi . Gl (5 givse dic Ao g ya Lty cp A0 oy (e 228730 LealiS c-uly S wdi(oe 3

o) oo el 12 Al S ad5 y Lain oY
a. When the bowling ball is at your shoulder, what is the ball- Earth system’s gravitational potential

energy relative to the floor?
Aanailly) G y¥1 58S aUailidall s gl Ails 8 Lo oIS (g giuse die il ol 558 () S5 Ladie

SIS

$(Ana DU
() A
b. When the bowling ball is at your shoulder, what is the ball-Earth system’s t1zm
gravitational potential energy relative to the rack? T— :
wb)uaJY‘- oﬂ\(eMNSUH\EAJ]\&LLGA\AcM&wm@J}ﬂ\a}u)&umL_:
Qg_\\)S.\\ d.o\;.\ 0.610 m
R

c. How much work was done by gravity as you lifted the ball from the rack
to shoulder lex@l®) ; s I Jalall o5 S Sled ) oL Apdlad) aildy o3 Jadll laie L, =

SSI ST
SIS
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Q1

If you slowly lower a 20.0-kg bag of sand
1.20 m from the trunk of a car to the
driveway, how much work do you do?

120 s 820,02 Ja )l on Lk 2o S5 19
(La.u]'“‘J‘JLM&EJQJ‘JMJ}BJ@&JJM&A&)SA
falas gl

2.35x10% )

— 2.35x10% )

0.23x102 )

o| o] w| »

—23.5x102 )

SIS
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Q2

A boy lifts a 2.2kg book from his desk,

which is 0.80 m high, to a bookshelf that is | . 2,10 4eli ) dly S G ) - 5ia 0.80 4sLid
2.10 m high. What is the potential energy | cuiSall duuilly (G ¥-cilisl)) WAl aua gl) A8 laka La
of the book-Earth system relative to the il o Qs ¢ 58 Lasis

desk when the book is on the shelf?

u gl 4k o (e aag 2 2 A4S LUS a pd

SIS

A 128
8. 1-28)
¢ 136J
b 1-3.6J

S ST
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Q1 |'You are walking around an old building and notice Calaia 13), e lahy 40) Jaadl andd iae Jga el g o)
that it is falling apart. If a 1.8-kg brick falls to the & A s A, - Ll 4,
ground from the building’s chimney, which is 6.7 m ML&G J‘ ,Cfi"—d ,',‘ | L:A PSL? ) oh
high, what is the change in the potential energy of the | € gl Al b Ral jlaie b e ‘_,S: Jf‘6'7
brick-Earth system? (¥4 shll)

A. |66.5)

B. 117.8)

C. 1-118)

D. 1-66.5)

0508193273 S8l Js
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Q)A worker picks up a 10.1kg box from the floor and sets it on a table that is 1.1 m high.
He slides the box 5.0 m along the table and then lowers it back to the floor. What were
the changes in the box-Earth system’s energy, and how did the system’s total energy
change? (Ignore friction.)

Jial5,0 ddle Gl yia (3 ganall dyad o, el ] Leeliil Agth o aniayg g )¥) o aa810.1 43S W saiia Jale ad

Gt Ay (Y- saiall) sl ddlh e ol jh Al cl sl W ) ) i_gud)-;;gn 2y 5 Al sl mhas e
(a5l Jaal) $alkaill 4,0<1) 43U

Y
.
V3

SS st

SSI ST
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Other Forms of Energy

SSI STt
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1.Elastic Potential Energy : energy stored due to an object’s change in shape. (Systems that include
springs, rubber bands, and trampolines have elastic potential energy.)

o aal il 5 Alalaall ks 15 ol s S ALY L), avenl S5 ) Ay 45 el 3L e 45 pal) Aels)) 43U

# As a pole-vaulter plants and
bends the pole, kinetic energy
transforms into elastic potential

energy.

# As the pole straightens, this
energy converts into
gravitational potential
energy and kinetic energy,
— lifting the vaulter over the bar

EPE

Le

SSIY
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2.Chemical energy: Energy stored in the chemical bonds of food, which your body uses for energy.
AL e Jpanll dlova Lgadivg )5 coldall Al dal g )l 8 45 33l A8l Al S 48U

SSIJST

3 Nuclear energy: Energy stored in the nucleus of an atom and released when the nucleus changes
o\;ﬂ\@}uu‘jhm dﬂa.u‘;ﬂbo‘)ﬂ‘a\y";ﬁm‘)ad\«s\.u\ MJJJ‘:\E\M\

SIS

4. Thermal Energy :Sum of kinetic and potential energy of particles; linked to temperature. Rubbing hands
together transforms kinetic energy into heat.

5. Electrical & Radiant Energy :from charged particles, transmitted via wires and converted into light or
heat. Power plants power home appliances and lightbulbs.

6. Rest Energy (Mass): Mass itself is a form of energy (E, = mc?). Nuclear explosions and particle physics
experiments

Bl Al AS )l A8l Jy sad ) Lagazaray ol &8 (g0, 5,0 padl da )3 ddadi je (A 5 tlapuadl aia ll 5 4S all 8l & senar 49 )) jal) A8LlI4,

A0 yiall 8 3ea3 sl jeSl) A8Ual) cildana j3 55 50 sl 6 g S Jsaiig Y e S5 o paiall Cilagal) e L dpe b 5 40 je S 48115,
znbadll

laguall el 3 Cola s 4y 5 sill ol )il ilial e s((Ep = me?). 48Uall JISET (e IS Ll an S aad( ALK ) Sl 48U6,

b A
v' -
-
d

SSI ST
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Q1

A 25.0-kg shell is shot from a cannon at
Earth’s surface. The reference level is
Earth’s surface. What is the change in the
system’s potential energy when the shell
falls from 425 to a height of 225 m?

425 £, cye Akl Lid Lavie aUaill aml) dilla b
3225 glisyl Y 1k

A 1—4.9x10% )
B. |2.,5%10%)
C [4.9x10% )
D. 19.4x10* )

0508193273 S Sl Jls
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Q2

On a playground, some children push a
merry-go-round so that it turns twice as
fast as it did before they pushed it. What
are the relative changes in angular
momentum and rotational kinetic energy of
the merry-go-round?

(merry- 3_) 53 4l JElaY) any ady (i Al o
Aalud) iy (i muall Lgie yu 3 Ygo-round)
48 jall d8Uall 5 (5 ) 31 ad 5N 8 Anal) &) yaaill s L
Caalll s3gl Al gall

Angular momentum quadruples; rotational
kinetic energy quadruples

Angular momentum doubles; rotational
Kinetic energy quadruples

Angular momentum quadruples; rotational
kinetic energy doubles

Angular momentum doubles; rotational
kinetic energy doubles

0508193273 S <!
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(6.06 > 10% J) LS55 LSS 5a A8U. 28 5a5a 3 5t

iﬁ @ .(1.4.7 );105 ])Ls.'as_); as ;&a._l...a‘ 5.914_3 5_)1.3 =

i d (800 Nj s 5433 _ bt e 3 5500 (s 55l Al
= )
\\?‘3, A moving car initially has a kinetic energy ol (6.06 <x10% ]). After a while its kinctic |
Q energy becomes (1.47=10° J). The net force acting on the car is (800 N). >
Moe Calculate the distance over which the car A5 S Bt Lendadls A ASlead) caald
achives this increase in kinetic energy. L8 M3g LSS e AL
Q - Second Part/ gakidl g adl
Moe £ (46 W) 358 Jalall Jday = )Y la e Wl B b 28y oy el
(12 m) Adlsa (3 saiall S jnia (75 s) 32l
A constrction worker pushes a box horizontaly on the surface of the ground. The
worker exerts a power of (46 W) for (75 s) and moves the box a distance of (12 ).
Calculate the magnitude of the force that the les % M 3 4al)  jlona cauaal
constrction worker exerts on the box. B uall e s Jals
2, —
\ \\?S
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LESSON 3 CONSERVATION OF ENERGY
43Ual) Jada: ESUL g Al

SIS

Law of conservation of energy: states that in a closed, isolated system, energy can neither be

created nor destroyed; rather, energy is conserved. Under these conditions, energy changes from

one form to another while the total energy of the system remains constant. ‘

Jati iy ylall oda Jla db €4l gine Jlai o cla 3] gl 8Ll Calantil (S Y «Jgmas lie plai 8 4dl o 48Ul Bada ¢ 538 Laly
A Uaill A0S0 AaUall a5 Lain AT ) (<G (e 48U

Mechanical Energy of a System :The mechanical energy of a system is equal to the sum of the kinetic energy
and potential energy if no other forms of energy are present.

ME =KE + PE| ==  [KE + PE, = KE, + PE,

2.00m ;
V.
1.00 m Q* .

o

0.00 m
Ball starts falling. Ball has fallen 1.00 m. Ball hits the ground.
20.0J 20.0J 20.0J 20.0J 20.0J

S ST

10.0J 10.0J
+ 0.0J = W+ W = 0.0 J + =

GPE KE ME GFE932/13 KB ' ME GPE KE ME 22
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EX2: What is the ball's kinetic energy when it is at a height of 1.00 m?
51,00 gl o oS Lavie 3 SUAS al) daall L Lar Jla

0508193273 S SN Jls
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mg =10.0 N
PE =20.0J

KE =20.0J KE =20.0J
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Conservation of other forms of energy :
dd3 giaa 48Ul 5 A JCd

ST

5
“When mechanical energy is conserved, the sum of the kinetic energy and potential energy present in !

the system before the event is equal to the sum of the kinetic energy and potential energy in the

system after the event. KE. + PE. = KE, + PE,
o o sl Ay A8 jall A8lall & sana (5 sb ol U8 AUBH 3 aam sl Al 5 48 jall A8Uall £ sene (b A SuilSoall d8Ual) Jagad Lanie
(Saal) aay aUall

Roller Coasters :At the top of the first hill, the car has
maximum gravitational potential energy and almost no
Kinetic energy.
A higher hill would require more energy than the system
has, so the car cannot reach a higher hill than the first
one

Al (pa N sl Ay jall clliad o oY) A A die: i) gadY) KRk

AS s ddlla L,Si A Y Ly 85 5 Apdall il GPE KE KE

FAVAVAVAVAVAVAVAVAVAY O
-

: >

\;’ USAQ.Y Liu-.ﬂ} 63\.&.&”‘\5&34&1.46)&.} AEUQ ‘~’!L’“’..’¢_~,-‘°‘m3_9%_9 U;‘ g GPE —
> "-’by\ Al O ﬂfk‘ ) als uJ‘ d}“’}“ 2\-’)’-“ - KE IK% GPE| ’ GPE \%’
\\_’23\ A B Cc D E \_—2-\
Position \y
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Skiing : Starting from rest at the top of a slope, total mechanical energy is purely gravitational
potential energy. As you ski downhill, potential energy transforms into kinetic energy,

SIS

Increasing your speed

SIS

il o 5, Aty A8 aia g A8l (e 3 jle A0S ASalSaal) A8 () 65 ¢ aniall dad die () Sl Al e ead) dies A
cﬂlﬁ:y'&d\:ﬁ)é!édﬁmc:tz\s‘);:\ﬁt)a‘;‘\émjﬂ:\é&d)aﬁ 6&)\}3

SSI ST

B &

FCE=

GPE KE
B

<

Energy

Position

S ST
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* A pendulum demonstrates conservation of mechanical energy.
+ Atrelease: maximum potential energy, minimum kinetic energy.
* As it swings downward: GPE — KE.

« At the lowest point: GPE = 0, and KE = maximum J

\

SN

Al AUal) B e g2l uila sy

Y s die 48 jal) A8 g ¢ ualY) Laa die kgl dBUa ¢ 4<ir CIEY) Ais
(KE). 4s,a 48k N(GPE) 48Ul pagl) A8l gty Jiu) g e JU) #LE
2 s die 48 jal) Al () 6<5 5 o ha ALY aula ol ABUn (6K Akl Ja) sie

SSI ST

Energy

S ST

Position
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Q1

A simple pendulum vibrates between point
A and point C, at what point the kinetic
energy of the pendulum bob is the lowest?

0585 Ak 5l aie B gA bl G dasy J s i
Ll sioe 3l die Jgand) J&i A€ Al daall

Point A only

Point B

S| o = =

Point C only

Point A and point C

SIS

Q2

A simple pendulum vibrates between point
A and point C, at what point the potential
energy of the pendulum bob is the lowest?

0S8 Adai gl die B pA il G Jass J 53 e U
ey sine ) 2ie J i) J81 i gl 48U

Point A

Point B

Point C

o| o] = »

Point A and point C

0508193273 S s Jus
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Q3

If the roller coaster shown in the figure
starts moving from rest from point A, at
what point of the path, the mechanical
energy of the coaster is the largest
(neglect the friction force in this motion)?

e i om OSN3 A 5al) il 801 Ao il 19
ZUA () 5S5 lall (e A (gl 8 A Al i () oS
030 & ASIAY) 558 Jaal) €81 o 4 all LSS
(3l

Point A

Point D

Point E

S| o = =

All the points have the same mechanical
energy

d.

b.

PROBLEM-SOLVING STRATEGY Jilwall Ja dsail jiul

If there are no external forces acting on the system, 1. sUaill e yigi daa jla (5 8 cllia (K5 41 13)

initial " final

If there are external forces, then the final energy is the sum of the initial energy and the work
— done on the system. oUaill e Jshuall Jadll 5 450201 28Ul ¢ sane 5 gl dyileil) Aall (8 cdom Jl& (o 8 Caaa 13,

e

final = initial

+ W

0508193273 S8 Jus
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Q1)If the roller coaster 800kg shown in the figure starts |goo kg
& moving down from point A, what is the speed of the G
. coaster at point B? (Neglect the friction force in this =
i motion)? \%
JiuY & jailly JCAl) L8 daii 51800k 4xil s23Y) 4y e iy 1)
Aiay) 5 g8 Jarl) IBAkLLL dic 4y o) de i A Lad (AQE
?(z\.SJaﬂ XTI
. \%
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Q2)If the roller coaster shown in the figure starts
moving down from point A, what is the speed of the

coaster at point C? (Neglect the friction force in this
motion)?

SN ST

JiuY Aty JLil) 8 daia 31800k g Al s28Y) 4y e il 13
AlSiaY) 3 gd Jaal) $CALEL xie 4y ol) Aoy & Lad (AARD (e
(Al oda A

SSI ST
SIS
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Q3)A 22.0-kg tree limb is 13.3 m above the ground. During a tropical storm, it falls on a
- roof that is 6.0 m above the ground.

a. Find the kinetic energy of the limb when it reaches the roof. Assume that the air doesg‘i
" no work on the tree limb. b. What is the limb’s speed when it reaches the roof? !

SSIJST

6.0 &a:ﬁu;uchuuh@tm‘m,m&am U g, pa ¥ phaw (e 133413.3 EUL)) o p2522.0 43NS 5 ok (el a5
Crard) Ao Sad Jiu ¥ ¢l sgdl O Lol s8L) paand) ) A gua g die Canll A8 all Bl el (1, oY) s e Ll
?M\J!M%J&M\kﬂg&u(_g

Before
(initial)

-

il Vi=o.0"\ls

h;=133m

SSI ST
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Q)A skier starts from rest at the top of a hill that is 45.0 m high, skis down a 30° incline into a valley,
and continues up a hill that is 40.0 m high. The heights of both hills are measured from the valley
floor. Assume that friction is negligible and ignore the effect of the ski poles.

a. How fast is the skier moving at the bottom of the valley?
b. What is the skier’s speed at the top of the second hill?
c. Do the angles of the hills affect your answers?

Al J5 e sasua Jualsag (gl 933 Y555 45 030 Auslln dear sdada o (3155 &5 1550450 Asli) S A die ¢S (e 438 5a e fa
AN ae U Jalad g (Jaga ASEaY) G (a8, g gl 1B e 1pd (il NS Cle i ) (Wl 1 5040.0 AsLis )

fsa 5l g8 dic ol Yl de yus e, |
€S0 Jill 4 sie o jiall de e le, o
felibila) & N L) Sisida,

SN ST
SN JSTT

SSI ST
SIS
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Q1

The spring in a pinball machine exerts an
average force of 2 N on a 0.08kg pinball over 5
cm. As a result, the ball has both translational
and rotational kinetic energy. If the ball is a
uniform sphere , what is its linear speed after
leaving the spring? (Ignore the table’s tilt.) (I:
center of mass)

2 a_lie aw ie 368 Cplaall 53 S Al A1 8 (s JAy
Aiai AN daiig, anh dils 1e0.08kg 28 e (5 s
Laliiie 5 S 3 ,SH il 13, A0 g0 5 A0 AS ja A8l 3 S

dae dalad) Salill e Ldladil aa 4adadll Lghe ju Lad

2 > ) ” o (A sal)
:US.UL?MS\ J}ms.“ pe

! f— grnr

1.34 m/s

0.10 m/s

2.6 m/s

S| o = >

1.79m/s

SISt

SSI ST

0508193273 S Sl Jls 33
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Analyzing Collisions : «lesuail) Juas

« Acollision is analyzed by comparing the objects just before and just after the collision.
* In aclosed and isolated system, momentum and total energy are conserved.
* Kinetic energy may or may not be conserved, depending on the type of collision

e canlyl Miialaa a3 &Y a8 55 Yiaale Gal Mialae simpon 2l 3,
iy Sikla Maadd BMas j gl faska Y jas sDUalds Sl
La) DUalB5 Ma jS38 s Euadls |5 J) Eaailag SIS (2wl 5o Slaalae,

Collision Type

. Elastic

Inelastic

@ Perfectly Inelastic

@ Superelastic

Kinetic Energy What Happens?

Conserved (KE; = KEj) KFE; =— KFEy

Decreases (KE; > KEy) Changes to thermal energy/sound
Decreases Objects stick together

Increases (KE; < KEyf) Other energy — kinetic energy

S

PUNLY

3

- Final Momentum (py):

Initial Momentum (p;):

Pf
Di

muvy

mu;

0508193273 S Sl Jls 34

SIS

S ST



SIS

SN ST

Case 1: Elastic Collision Before collision
KE, = KEi B
= P 1.00 kg 1.00 kg
o o —
LI:.I LE VAi — 100 m/S VBi — 000 m/S
KE 5 KE 5
= = KE, = KEAi + KEBi
= = (1.00 kg)(1.00 m/s)2 + = (1.00 kg)(0.00 m/s)?
=0.50)
Before After

After collision

1.00 kg 1.00 kg
R ——
Vas = 0.00m/s vg=1.00m/s

KEf - KEAf -+ KEBf

= (1.00 kg)(0.00 m/s)? +

=0.50J

2(1.00 kg)(1.00 m/sy

ICase 2: Perfectly Inelastic Collision Before collision

KE; < KE, 5
> :
D
= & 1.00 kg 1.00 kg
= 3 Vi =100m/s v =0.00m/s
KE 3
S KE, -— KEAi -+ KEBi
=3 (1.00 kg)(1.00 m/s)* + 7(1.00 kg)(0.00 m/s)
=050)
Before After

After collision

Hm

1.00 kg 100kg

Vat = Vgt = 050 m/s

KE; = KEAf + KEg;

= 7 (1.00 kg)(0.50 m/s)? +
=0.25)

(100 kg)(0.50 m/s)?

0508193273 S sl Jus
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Case 3: Inelastic Collision Before collision After collision
N KEf < KE;
3 | :ﬂ.’:‘l\:.. e
3, S -
V. > 2 1.00 kg 1.00 kg
) o _
&5 F=: vai=1.00m/s  vg = 0.00 m/s var = 0.25m/s vg = 0.75m/s
§ P = KE, = KEy, + KEg, KE, = KEx + KEg
u = 2 (1.00 kg)(1.00 m/s)? + 5 (1.00 kg)(0.00 m/s)2 =~ (1.00 kg)(0.25 m/s)2 + =(1.00 kg)(0.75 m/s)?
=0.50J =0.31J
Before After
Case 4: Superelastic Collision Before collision After collision
> 1.00kg  1.00 kg 1.00 kg
a:', KE . R - —_—
- g Vi =100m/s v =0.00m/s Var = 0.20m/s vz =120 m/s
§ & KE, = KE,, + KEg, KE, = KEx + KEg
& g‘i = % (1.00 kg)(1.00 m/s)2 + %(1.00 kg)(0.00 m/s)2 = % (1.00 kg)(—0.20 m/s)? + % (1.00 kg)(1.20 m/s)3
v
2, =0.50J =0.74)
\+|_Before After

0508193273 S sl Jus 36
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Q1)In an accident on a slippery road, a compact car with a mass of 1150 kg moving at 15.0 m/s
smashes into the rear end of a car with a mass of 1575 kg moving at 5.0 m/s in the same direction
a. What is the final velocity if the wrecked cars lock together?

’ b. How much is the kinetic energy decreased in the collision?

1575 1S oAl 8kl Lilal ¢ 531150 m/s ais1150 kg LeliS 5 pham 5 b Cradhal (313 aob lo gy il 8
Awdi olaY) (5.0 M/s Ay & asikg

adliaill axy Lae U Hlaad) Caaiill 3] Ailgal) 4oyl W, |

Casliaill e il A jall Al 8 Gl ltie Le, o

SSIJYST

SIS

Before (initial)

MaVay MgVei
-— - S T

After (final)
(my + mg)vy

SSI ST

0508193273 S Sl Jls
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Q2

An 8.00g bullet is fired horizontally into a 9.00kg
block of wood on an air table and is embedded in
it. After the collision, the block and bullet slide
along the frictionless surface together with a
speed of 10.0 cm/s. Find the initial speed of the
bullet.

9.0kg WAiS 4pda ALS gai LESIZ.00g \4AliS duala ) itk

Qﬂjﬁ\ ?.\me g, L@J&L\g cﬂ)ﬁu\é c:\gﬂﬁ ZJJ\EU.‘C- 3\;3:43..

10.0 Ae o ASiAY) arse mhad) o las dualia i g ALY
Aualia Jll 41Y) de pudl cuaaleml/s.,

SIS

A. 1113 m/s
B. 11.13m/s
C |11.3m/s
D. 125.4m/s

0508193273 S Sl Jls
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Q3)A 91.0kg hockey player is skating on ice at 5.50 m/s. Another hockey player of equal mass,
moving at 8.1 m/s in the same direction, hits him from behind. They slide off together.

a. What are the total mechanical energy and momentum of the system before the collision?
b. What is the velocity of the two hockey players after the collision?

c. How much was the system’s kinetic energy decreased in the collision?

Ao pu & jalyy AU i 4l A o Sie i) (e 4 pabaay, alall e E/a5. 5 de s a2$91 ALK S a e S (o
el say Lae e U (35, Anidi slas¥) (/8.1

) pBal ) SalEs DaSLiS MASLE g jae Didale (8l Sliialaa®

.26 Geeb Jlaw Dl 5S5 e Dlialaa®

3y dla jian DUalE M S8 Jlilale s Nialaa,
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Q4 | A rubber ball drops from a height of 8.0 m onto a 5 i g Anlu A dua yl 8.0 m g8 )l (e Aplallae 3 S Jadds
concrete floor and bounces repeatedly. Each time it -3 )SII( alas 288y ¢y )WL L pabaai 3 ye JS 85, Sie S
hits the floor, the.baII-Egrth system loses 1/ 5 of !ts o Q5 S0 5y b ye oS8 4SS0l 4l 1/5) 2 =)
ME. How many times will the ball bounce before it elih Lidd oli o 1 A s e

. thad jlald gl ) ) adi i 2 gai
bounces back up to a height of only 4 m?

A. |4 times

B. |3times

C. |2times

D. |5times

0508193273 S8l Js
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child slides down a playground slide. At the bottom,
she is moving at 3.0 m/s. How much energy was trans
formed by friction as she slid down the slide?

0SS (JisY) M ldpag e g canle AA8Y 5 o dlid 3l 3
ol SVl Jady d gas Al Aslal) i L3.0 /s Lo

elery il

A. |880J
B. 1160J
C. 1720
D. 11040J

36.0 kg

—

Z1=

SIS

SN
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Q6

A steel ball collides with another stationary steel ball
of identical mass, transferring nearly all of its motion.

Jaiis (Lgauds ABSH Ll A8l (o A ) 4,0 58 5 5K 40V 85 S andarald
pbaill J8 48 jal) 8l ¢ gana OIS 13) 5, L LS )a JS Ll

SSI ST

If total kinetic energy before the collision equals total S Gl adaill 138 (8 conay A Hall A8l £ s P i
kinetic energy after, this collision is classified as ) ‘ - T

A. | Super elastic

B. | Elastic

C. | Perfectly Inelastic

D. |Elastic

MOE | Ahmad and Sultan start from rest at the same o A O sSall (e sla 3l lag g ABKH (i Laga) Uabs g deal

time at height (h) at the top of two differently Ahde uile (p jaaia (e s olall ¢ ) A(h ) gla ) e sl
configured water slides. The slides are nearly oo gmna AUl gl ¢ Ly MY e G ) jasiall oy Sl
frictionless, which statement is true about Ahmad folinl zeaa sall puagall & Ul 5 daa]
and Sultan in the given position? )

A. | Sultan has greater kinetic ¢ energy than
Ahmad.

B. | Ahmad has less potential al energy than Sultan

C. | Both have same potential al energy.

D. | Both have same kinetic c energy.

0508193273 S Sl Jls
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Q-MOE)The figure below shows a roller-coaster car when it is at rest at point A until it reaches point E. The
bar graphs show the total mechanical energy of the car in different positions. Fill the blank under each bar
with the correct car position (A,B,C,D and E) to match the Car's energy.
addl) vie o o Alla 3 () 6S Lavie A3 Ul 4 je ol JSEI) i A Al ) dhal s, e 3aee VU Sl sl ma s
QY 5 L) Lgsliad A1) 4Bl aaual) ada gally 3 gae JS Jiaid 352 gal) £1)80) Dol ddlise auial go 85l 480 A8
asal((A,B,C,D,E) Jia Eusy
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