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Dynamics,)

Dynamics is the branch of mechanics that deals with motion of a@«uth

reference to force.
Newton’s laws of motion: @

First law of motion:
K2

According to Newton'’s first law of motion:
““A body tends to continue its state of f uniform
motion unless a force is appii it”.
Hence in the absence of any external force a EEdy aj rest will remain at rest and a
t

body in motion will continue its motion along a strai e with uniform speed.

€1 reality we see that a body in motion co@ t after covering some distance. This
is so because frictional forces, such as air resista copiact friction etc. bring the body to rest. If
all these frictional forces are eliminated, howeyew®th ay be small, then the body will continue its
motion with uniform velocity. %
% First law of motion is alsq%

Inertia:
Inertia is the proper

any change in its state o
Hence if a body is

as law of inertia.

matter by virtue of which it tends to oppose
t Oor of uniform motion.

st IAwill tend to remain at rest forever unless a force is

applied to move it, similq wWAbody is in motion it will tend to continue its motion with
uniform velocity unle fore€’is applied to change its velocity.

Inertia of a body ds upon its mass greater the mass of a body larger is its
inertia and therefdsg, re difficult it is to stop it if it in motion or to move it if it is at rest.
Hence mass dy is a measure of its inertia.

it ection such that the magnitude of acceleration is directly proportional
e magnitude of force and inversely proportional to mass of the body”’.
—_ -
If ‘F’ is the Elwbalanced_f)orce, acceleration produced is ‘a’ and ‘m’ is mass of the
body, then: axF and aoxi1/m ..  a&axF a=k F (Butk=1)
m m
- —
F=ma

Direction of acceleration ‘a’ produced in the body is always same as the direction of
unbalanced force f(unbalanced force is the resultant or vector sum of all the forces acting
on the body).
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Unit of force: Unit of force can be defined with the help of second law of motion,
according to which: F=ma
Hence the S.I unit of force will be ‘kg-m/s? which is commonly known as Newton.
‘¢ Force is said to be one Newton (1N) if it produces
an acceleration of 1 m/s? in a body of mass 1 kg”’.
Q No.1: Can a balanced force produce acceleration in a body?
Ans: Acceleration is produced only by unbalanced force (when a balanced force a@

a body the body either remains at rest or moves with a uniform velocity.
Third law of motion: @»
According to Newton’s third law of motion: &

‘“To every action there is an equal and opposite reacti nQ
Action and reaction are two forces exchanged between two bodies when tk

each other.
Q.No.3: Do action reaction cancel each other since they al and
opposite forces?

Ans: Two equal and opposite forces acting on the same bodg’{l&e each other. Although
action and reaction are equal and opposite forces but they a 3& different bodies.
Action is the force exerted by first body on the second wh ction is an equal and
opposite force applied by the second on first. Hence the é do Rotcancel each other.

ract with

Momentum:
Q No.1: What is momentum?
Ans: Momentum may be defined as:
‘The product of mags veloctty of a body’.
Hence: Momentum = mass -& ty
Momentum = m
Momentum of a body deperd on its mass and velocity.
Momentum of a moving body represents the quantity of motion present in the body.
% Momentum tells us how di@r ow easy it is to stop a moving body. It is difficult
to stop a body having lgf™e mOmentum. (In other words, it is difficult to stop a
) body).
] ity; its direction is same as the direction velocity of

o,

<+ Momentum is a vedi

the body.
S.I unit a mensions of momentum:
pmentum is the product of units of mass and velocity.

nit of momentum is kg-m/s which is same as N-s.

fiecMtum of the body is equal to the force acting on it. This is the relation between
entum and second law of motion.

Q.No.3: Derive a relation between momentum of a body and second law of motion.
Ans: Consider a body of mass ‘m’ moving with a certain velocity ‘v/. Let a force ‘F’ be
applied on it for time ‘A t’ such that velocity of the body changes and becomes ‘v7.
Therefore:  Initial momentum = m v;

Final momentum = m v¢

Change in momentum =m vi—m v;
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Rate of change in momentum = mvr—mv,=m (vr—V))

At At
But  vs—v;=a (Acceleration of the body)
At
Hence, Rate of change of momentum of a body =m a
But m a = F (Force)
Rate of change of momentum of a body = Force acting on the body
F=mvi—myv; \

N s O

- —
In vector form: Vi—m Vi = Ap = _change in momentum

At At Time &
‘“When a net (or unbalanced) force acts on a body it ch
mof

its momentum such that the rate of change of mome
Impulse:

the body is equal to the force”.
Q No.4: What is impulse of force? - &Q
Ans: Impulse A_B of a force is the product of force ‘F’ We hort interval of time ‘At”
for which it acts.
* Impulse is a vector quantity.
% It is also equal to the change in mom%o the body. Hence

—_— —_
FAt =A
Law of conservation of line entum:
Q.No. 1: State law of conservation of ¥
Ans: According to law of conservatio
“If no external force actson a s
linear mome
It means that when b

of%the system remains constant.”

ract (collide with each other, exerting action-reaction
forces upon each other) in g,sys on which no external force is acting, momentum of
individual bodies may c%%Some bodies may gain and some may loose, but the total
momentum of the sys b e collision is equal to the total momentum after collision.
Proof of law of %&ervation of momentum:

Q.No.2 Prove la cdnservation of momentum?

Ans: Consider of two colliding bodies of masses ‘m1’ and ‘m2’ moving with

2’ respectively in the same direction, such that no external force acts
hind ‘m1’ and is moving faster than m1. There will be a collision between

the tw@o
%Mfore, when the bodies come in contact with each other only action and reaction
fi exchanged between them.
Let ‘At’ be the time for which the bodies come in contact with each other during the

collision, and ‘F12’ be the force acting on ‘m+’ (exerted by m2), then:

Fi2 =m1V1i—m1 U1 (Action force)

At

Similarly force ‘F21" acting on mz (exerted by m1) is given by:
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F21 = m2 V2 — m2 Uz (reaction force)

At Uz Ui
Their velocities after collision be V1’ and V2’ respectively. > 2>
Since the system is isolated (It means that no external force @
acts on the two bodies), therefore, when the bodies come in contact with
each other only action and reaction forces are exchanged between them. Before collision

Let ‘At’ be the time for which the bodies come in contact with each
other during the collision, and ‘F+’ be the force acting on
‘m1’ (exerted by mz), then:

Fi2 = m1 V1i—m1 U1 (action force) Qu,. g collision
o L At o V2 Vi
Similarly force ‘F2’ acting on mz (exerted by m1) is given by: ‘\ > >
F21 =m2V2—m2 U2 (reaction force)

After collision

¥ o (=) (=)
According to third law of motion, action and reaction areseq\{®

opposite, hence
—  —
Fi2=—F21 OR miVi—m1 U1=—(m2V2—m2Ux
A A

m1 Vi —m1 U1 = — m2 Yay+ majU2
mi Ut +ma2 U2 = m%szz
Left hand side of the above equation givegl us total momentum of the
colliding bodies before and right-hand si(\ us their total momentum after

collision.

Total momentum before collgst Total momentum after collision

In other words, If no exter e acts on a system of colliding bodies the total
momentum always remains constant omentum of a system is said to be conserved).

loose but if no external force a n a system then total momentum of the system remains
constant.

Elastic collisions\

Q.No.3: What are
Ans: Elastic colligions

Momentum of individual bodieg ange, body/bodies may gain and body/bodies may

ic collisions?

e those in which momentum as well as kinetic energy of the
system is cons means that during an elastic collision:

% Total mo e% efore collision = Total momentum after collision.

« Total ki ergy before collision= Total kinetic energy after collision.

astic collision takes place between hard bodies having smooth surface)
collisions:

hat are inelastic collisions?
Inelastic collisions are those in which momentum of the colliding bodies may be
conserved but kinetic energy is not conserved. In other words:
+ Total momentum before collision may be equal to total momentum after
collision.
+ Total K.E before collision is not equalto total K.E after collision.
®:During an Inelastic collisions kinetic energy of the system is converted into other forms

of energy (mostly into heat energy).
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% Inelastic collision takes place between soft and rough bodies; the kinetic energy is
converted partly into heat and partly used to change shape of the colliding bodies.
% When two cars collide, they dent each other (in other words they change each
other’s shape). For making a dent on the other car each car has to do work on the other
using its own kinetic energy. Also, bodies of colliding cars get slightly hot.
Q.No.5: What is one dimensional collision?
Ans: One dimensional collision is that in which the colliding bodies move along the saQ

line before and after the collision.

Elastic collision in one dimension: @.\
Q.No.6: Two spherical non-rotating bodies of masses ‘m;’ and ‘mz’ mo§g

velocities ‘U;’ and ‘Uz’ respectively collide elastically. Assuming thgt

he
bodies move along the same straight line before and after the colli t

passes through their centers, derive expressions for their

final velocities ‘V:’ and ‘V2’. 2 L)
Ans: Consider two solid spherical non-rotating bodies of
masses ‘m+ and ‘my’ moving with velocities ‘U+’ and ‘U’ respectively
along the same line which passes through their centers. Let the hpdy
mass “my” be behind “m+” and U;>U4, then there will be a collisi br\ Before collision
between the two bodies (this collision is one dimensional, be Vs v
>

two bodies move along the same straight line which passgg throdigh
their centers before and after the collision). Let “V{"and @ i

their
velocities after collision.
Assuming the collision to be elastic (for which mo&tu and kinetic

energy both must be conserved), on applying | % ervation of After collision

momentum we get:
Total momentum before % Total momentum after collision

2 =m1V1+ ma2Va
{ V1 =m2V2 = maU2
Vi)=m2 (V2= U2) oo (?)

Similarly on applying law of conS&rvation of kinetic energy we get:
Total i inetic energy = Total final kinetic energy

1U12 + $m2U22 = 3m1V12 + $m2V22
?\%m1U12— 3 miVi2= $ maV22 = § maU2?
V 3 m1(U12=V12) = $ m2 (V22 = U2?)

m1 (U1=V1) (U1 + V1) =m2 (V2= U2) (V2+ U2) .............. (1)

Divi tion (ii) by the corresponding sides of equation (7).
m1 (U1=V1) (U1+ V1) = m2 (V2 =U2) (V2+ U2)

Qy m1 (U1 = V1) m2 (V2= U2)

Uit Vi=Vot Uz o (it7)
. V2 =U1+Vi= U2
Substituting the above value of “V2” in equation (i), we get:
m1 (U1= V1) = m2 (U1+ V1= U2—= U2)
m1U1 = m1V1 = m2 Ui+ m2V1 = 2mzU2
m1V1+ m2V1 = m1 U= mzU1+ 2m2U2
V1 (mi+ mz2) = (m1 — m2) Ui+ 2m2 U2

7
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Vi=(m1i—mz) Ui+ _ 2mo2 Uz]

(m1+ m2) (m1+m2)

Derivation of “V3”:
From equation (iij) we have:  V2=U1+Vi—-U2
On substituting the value of “V1”, we get:
V2 =U+ (M1 =m2) Ui+ 2mz2U2 = U2
(m1+ m2) (m1+ m2)
V2 = U1{1 +(m1 = m21}+ Uz{ 2mz - }
(

(m1+ m2) m1+ m2)

>

Vo = U1{(m1+ mz)+ (m1 = mz)} + U2{2 m2 = (m1+ m2) é

(m1+ m2) (m1+ m2)

Vo = _2m1_ Ui+ (mz2—m1) U2 @
(m1+ m2) (m1+ m2) @
Friction: %
Q No.1: What is friction? ‘\\
a

Ans: Friction is a force which opposes motion of
Force of friction exists between a body and the surfgee on Which the body lides/rolls
or between the body and the viscous medium thro ich it moves.

Hence force of friction is always against fhe dy®€tion of motion of a body and
it acts parallel to the surfaces in contact.
Origin of friction (Cause of frift
Classical physics:

According to classical physic% two surfaces are in contact, their irregular

surfaces are inter-locked. Hence t one surface over the other an extra force called
force of friction is needed.
Modern physics:

According to mode siCs, when two surfaces are in contact, intermolecular force

of attraction between méie of the two surfaces resist the motion of one surface over
the other thus causin ce of friction.

Types of friction

. Fricti enggen the body and the surface when the body
is at res Ge?\kto the surface and tends to move is called
static Y n

. of friction between a body and a surface relative to

h% in motion is called kinetic or dynamic friction.
in8tic friction is slightly less than the static friction.

. When a body slides on a surface the corresponding force of
friction between the body and the surface on which it slides is
called sliding friction.

. When a body rolls on a surface the corresponding force of

friction between the body and the surface on which it rolls is
called rolling friction.
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®:Force of friction depends upon roughness of surfaces in contact, their
temperature, their material, their area of contact etc. Hence rolling friction is less
than the sliding friction because area of contact between surface and the rolling body will
be less.

®:Force of friction is a self-adjusting force. Hence when a gradually increasing
force is applied on a body at rest it is balanced by the force of friction because of its self-
adjusting nature and the body still remains at rest, until a certain limit is reached. If th
applied force is increased beyond this limit the body starts moving with acceleration %

accordance with second law of motion). The maximum force of friction between th
and the surface up to which it remains at rest is called limiting friction.
Force of friction “f" is directly proportional to the normal reaction “R” org(orce with

which the body presses the surface. foxR ‘\

Where “u” is the constant of proportionality it is known as coeffi¢ignt of friction.
Coefficient of friction is of two types: &

(/) Coefficient of static friction ps. 3\\

(i) Coefficient of kinetic friction pi. \e
Lk < us because force of friction between the body and t when the body is in

motion is less than when it is at rest.
% Force of friction can be decrea%/ either making the surfaces

smooth, by using a lubricang; Dy g ball bearings or by making a
fast-moving body oblong 4 ape.
Q.No.2: Why is force of friction called justing force?

Ans: When the force applied on a stationa increased from a very low value, force of
friction also increases so that the body s%a at rest, until a maximum value of force of friction

(called limiting friction) is reached. Ift@i force is increased beyond the limiting friction the
t
d

body starts moving with acceleratio r words, before moving, force of friction adjusts its

value equal and opposite to the rce so that the body remains at rest, hence, it is called
self-adjusting force.
Q.No.3: What is coeffici friction?

Ans: Coefficient of friction%s e ghtio of force of friction “f’ to the normal reaction “R”.
Coefficient of friction is o types:
(i) Coefficient of%‘riction us. (Atrest)
(i) Coeffi iew etic friction uk.  (In motion)
4: ;?h

S.I unit of coefficient of friction?

Maat is angle of friction?

Ngle of friction is the angle between force of friction “f and the normal reaction “R”.
is the angle of friction, then Tan o =p

Where “u” is the coefficient of friction. It means that tangent of angle of friction is also
called coefficient of friction.

Angle of repose:

Q.No.6: What is angle of repose?

Ans: Angle of repose is the minimum angle made by an inclined surface with the

horizontal at which a body placed on the inclined surface just starts sliding.

9
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Relation between angle of repose “0” and angle of friction “a”:

Q.No.7: What is the relation between angle of repose and angle of friction?

Ans: Relation between angle of repose 6 and the corresponding angle of friction a is that
0=a

>
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Section-A Multiple-Choice Questions MCOQs:

Q.No. 1: The rate of change of linear
momentum of a body is called:
(A) Linear force. (B) Angular force.
(C) Power. (D) Impulse.
Q.No.2: The term mass refers to the same

physical concept as:
(A) Weight. (B) Inertia.
(C) Force. (D) Acceleration

Q.No.3: Which one of the following force is
also called as self-adjusting force?

(A) Frictional force. (B) Tension.

(C) Weight. (D) Thrust.
Q.No.4: The laws of motion show the
relationship between:

(A) Velocity and acceleration.

(B) Mass and velocity.

(C) Mass and acceleration.

(D) Force and acceleration
Q.No.5:: The motion of a rocket in space is
according to the law of conservation of:

(A) Energy. (B) Linear momentum.

(C) mass. (D) Angular moment
Q.No.6: A bomb of mass 12 kg. initially
rest explodes into two pieces of mas%

m

and 8 kg. The speed of 8 kg. mass is

The kinetic energy of 4 kg. masg4ds!
(A)32J (B)48J (C)114 ) 288 J
Q.No.7: If momentum is i by 20%

then K.E mcreases by:
(A) 44% 55% e \CH06% (D) 77%
of mass 2 kg.

Q.No.8: The klnetlc e?gy
and momentum o@'s:

(A)1J (©)3J (D)4 J
Q.No.9: For ame Kinetic energy, the
moment aximum for:

electron. (B) a proton.

%&deuteron. (D) alpha particle.

: A 3 kg. bowling ball experiences a

etqgrce of 15 N. What will be its

acceleration.

(A) 35 m/s?. (B) 7 m/s? (C)5 m/s? (D)35 m/s?

Q.No. 11: The unit of linear momentum is:

(2003, 2004 Karachi Board)

(A)N/s (B)Ns (C)Js (D)J/s

Q.No. 12:The rate of change of linear
momentum is equal to:
(2004 Karachi Board)
(A) Acceleration. (B) force. (C) torque

Q.No. 13: In an elastic collision of two
bodies: (2008 Karachi Boar

(A) Kinetic energy is conserve

(B) Momentum is conserved.

(C) Both K.E and momen m are

conserved.

Q.No. 14:The property of flﬁ@e to which

they resist their flow is ¢
(2012 hl Board)
(A) Static frictio efficient of friction.

(C) Viscosity.

% Terminal velocity.

Q.No.15: mg;o er weighing 3920 N is

moving ' constant speed of 4 m/s.
e

The fi onithe helicopter is:
%‘ (2012 Karachi Board)
(4937 (B)3920N (C)3924N (D)3916 N
0)16: Kinetic friction is always:
(2016 Karachi Board)

(A) Greater than static friction.

(B) Equal to static fiction.

(C) Less than static fiction. (D) Zero.
Q.No.17: If ‘F’ be the limiting friction and ‘R’
be the normal reaction, then the coefficient
of static friction will be equal to:

(2019, 2015 Karachi Board)
(A)F/R (B)R/F (C)FR (D)1/FR
Q.No. 18: If the average velocity of a body is
equal to instantaneous velocity, the body is
said to be moving with:

(2025 Karachi Board)

(A) Uniform velocity.  (B) Variable velocity
(C)Uniform acceleration (D)Variable acceleration
Q.No. 19: This force is called “Self-adjusting
force”. (2025 Karachi Board)

(A) Tension.  (B) Frictional force

(C) Weight. (D) Thrust
Q.No.20: Change in momentum is equal to:

(2026 Karachi Board)
(A) Force. (B) Power.
(C) Impulse. (D) Kinetic energy.

11
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Answers:

/(1) (A) Linear force.

(2) (B) Inertia.

(3) (A) Frictional force.

(4) (D) Force and acceleration

(5) (B) Linear momentum.

(6) (D) 288 J

(7) (A) 44%

8) (A)1J

(9) (D) alpha particle.

(10) (C) 5 m/s2

(1) (B)N

(12) (B )force

(13) (C) Both K.E and momentum are
conserved.

10
11
12
13

~— N N ~—

(14) (C) Viscosity.

15) (B) 3920 N.

(16) (C) Less than static fiction.
17) (A)F/R

(18) (A) Uniform velocity.

(B) Frictional force.
\20 C) Impulse.
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Numericals:

Q.No.1: A car weighing 9800 N is moving
with a speed of 40 km./h. on the application
of the brakes it comes to rest after traveling a
distance of 50 m. Calculate the average
retarding force.

Data:
Weight of the car W = 9800 N.
Initial velocity v; = 40 km/h.=40x1000m=11.11m/s
60x60 s

Final velocity vi=0
Distance covered S=50m.
Average force F=?

Solution:
2aS= sz - V,'2
2 xax50=(0)?-(11.11)
100 a = - 123.457
a=-123.457=— 1.23457 m/s?
100
If ‘m’ is mass of the car, then:. W=mg
m=_W =9800 = 1000 kg.
g 9.8
F=ma (second law)
F = 1000x—1.23457 = 1234.57N,

'é Negative sign shows that the retardin
force acting on the car is 1234.57N.

Q.No.2: A helicopter weighs 3920 ge
Calculate the force oniitifitis i
the rate of 2 m/s2. What will be

if it is moving up with a cons%spe
Data:
Weight \

W = 3920 N.

Upward acceler a=2m/s?
Constant spged v=4m/s.
Force onglhe pter F ="
Solution:
In the first jcopter is moving upward with

an accel n Of 2 m/s?, therefore, the upward
exerted by its engine and blades

lifting
[ n its weight “W” (downward).

. %
a Unbalanced force = F - W

F-W=ma (bysecond law)
But m=_W =3920 = 400 kg.
g 9.8
F — 3920 = 400x2
F — 3920 = 800
F = 3920 + 800

In the second case, the helicopter moves
up with a constant speed, therefore, it’s
acceleration ‘a’ will be zero

F-W=ma F-W=0
F=W

F = 3920 N,
0.No.3: A 100 gm. bullet is fired from \

10 kg. gun with a speed of 1000 m/s.
What is speed of recoil of the ﬁn

Data:
" 1kg
kg.
V1=1000 m/s.

Mass of bullet m =10
2 :?.

Mass of the gun

Speed of the bulle

Speed of the gu @’
Solution: %

According to Iaw% rvation of momentum:
Total initial en = Total final momentum
Since the n&d the bullet both are initially
at rest, there

wtotal initial momentum is
zero. lyin
: f%
mVs+ MV

law of conservation of momentum
0=0.1x1000+ 10V,

10 V2 = — 100
Vo=-100 [V2=- 10 m/s.]
10

'é Negative sign shows that after firing the
bullet, the gun moves backward (opposite to the
direction of motion of the bullet). This backward
movement of the gun after firing is called recoil of the

qun.
Q.No.4: A machine gun fires 10 bullets per

second into a target. Each bullet weighs 20
gm. and had a speed of 1500 m/s.

Find the force necessary to hold the gun in
position.

Data:

Mass of each bullet m =20 gm =0.020 kg

Number of bullets fired per sec. =10

Velocity of each bullet after firing V=1500 m/s

Force necessary to hold the gun in position F=?
Solution:

Machine gun and the bullets form one
system. Before firing both are at rest, their total
initial momentum is zero. To conserve
momentum their total momentum after firing
must also be zero. This is possible only if the
machine gun has equal and opposite momentum
(after firing) to that of the bullet. In other

13
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words, the machine gun must recoil (move
backward).
Force necessary to hold the gun in position is
equal to the reaction force exerted by the bullets
on the gun. This force is also equal to the rate of
change of momentum of the bullets. (velocity of
bullets before firing U = 0). Hence,
F = rate of change of momentum of 10 bullets.
F = change in momentum of 10 bullets
Time
F=10(mV-mU)
t
F =10 (0.02x1500 — 0.02x0) (t=1s)

1

F =10 x 0.02 x 1500

'éTo hold the machine gun in position while
firing 10 bullets per sec. 300 N force will be
required.

Q.No.5: A 50 gm. bullet is fired into a 10 kg
block that is suspended by a long cord so that
it can swing as a pendulum. If the block is
displaced so that its center of gravity rises by
10 cm.
What was the speed of the bullet?

Data:

Mass of the bullet m = 50 gm. =0

Mass of the block M

.05
0%a.
Height through which C.G rises h=10 cm=Q,1

Velocity with which bullet collides the =7

initial momentum is zero, a
pendulum. Let V> be th ity with which the

C
Solution:
h ore, its
i mentum
of bullet is mU;. After colli
th
bullet-block syste wm immediately after the

Since the gun is initially at rest, t
ngsmitial
\' bullet lodges
itself into the block and SWifig as a
collision, then t

MV: or (m
Applying Ia serva'uon of momentum we
get:
Total i | entum = Total final momentum
1 = (m + M \
Q-ﬂ =(0.05+10) V2
0.05 U1 =10.05Vy......... (/)

K.E of bullet-block system after collision
changes into its P.E as its C.G rises.
K.E lost = P.E gained

3(M+M)V2=(m+M)gh
3 (0.05 +10)V42= (0.05 +10) 9.8x0.1
110.05V,2=10.05x 9.8 x 0.1

omentum will be mV2 +

V22=2x0.98 OR V,?*=1.96
V2=+1.96 V2 = 1.4 m/s.
Immediately after collision the bullet-block
system will move with a velocity of 1.4 m/s. On
substituting the value of V7’ in equation (i) we
get:
0.05 U; =10.05 V>
0.05U1=10.05x 1.4
U1 =10.05x 1.4 U1

=281

collision with the block was 2
Q.No.6: A 70 gram ball colli

ball of mass 140 gram. T,
ball is 9 m/s to right wiai

at rest. If the colljsi
what would be tl'g

the collisio ’\

Data:
st ball

ith another
initial of the first
second ball is
e perfectly elastic,
ocity of two balls after

Mass mq=70g=0.07 kg

Initialg®ocity ¥of first ball ui1=9 m/s (right)

M %ond ball m>=140 g= 0.140 kg
ial velocity of second ball u,=0

ﬁ;)Final velocities of both balls  v1 & vo=?

ution:
Velocity v+ of first after collision is given by:

Vi =(Mm1—my) uq+ 2Mmy Uz
(mq+ my) (mq+ my)

v1=(0.07-0.140)x 9+ 2x0.140 xO
(0.07 + 0.140) (0.07 + 0.140)
vi=— 0.07 x9+0 vi=-3m/s|
0.210
..Negative sign shows that, after an elastic
collision with heavier second ball, the first ball
moves opposite to its initial direction of motion i.e.

to left.

Velocity v, of second ball after collision is given

by: V2=_2my_ug+ (Me—m1) U
(Mi+mz)  (M1+my)
vo=_ 2x0.07 x9+(0.140 —0.07)x0

(0.07 + 0.140) (0.07+ 0.140
v2= 2x0.07x9+0 m
0.21
'éVeIocity of second ball after collision is
6 m/s. to right.
Q.No.7: A truck weighing 2500 kg and

moving with a velocity of 21 m/s collides with
a stationary car weighing 1000 kg. The truck
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and car move together after the impact.
Calculate their common velocity?
Data:

Mass of the truck m+ = 2500 kg

Initial velocity of the truck ur=21m/s
Mass of the car m2 =1000 kg
Initial velocity of the car u=0

Final velocity of both  vi=va=v="7
Solution:
Applying law of conservation of momentum:
Total initial momentum = Total final momentum
mus+muz=mq Va+ M2 Vo
Sine after collision both move together,
therefore, vi=va=v
mus + muz=(mqs+mz) v
2500%x21 + 10000 = (2500 +1000)v

52,500 + 0 = 3,500 v
v = 52.500
3,500

'QSpeed of both after collision is15 m/s.

Q.No.8: A stone is dropped from the peak of a
hill. It covers a distance of 30 meters in the last
second of its motion. Find the height of the
peak. (2013 Karachi Board)
Data:

Initial speed Vi =
Distance covered during the last second = .

Height =Total distance covered
Solution:
Let ‘t’ be the total time take%h tone to

reach the ground, then height of the orin

other words, total distance ered By the stone
is given by: Si=vit+ %\

Si=0xt+3x

Si=49t. . ... ¢C......... (N

(t=1) + % x 9.8x(t—1)2

+ 4.9 (2 -2t +1)

1) =4.9t2-9.8t+4.9 ....(i)

ce covered during the last second is:

St— Se1y=30m. Therefore,
494 — 404 +98t-4.9=30
98t =30+4.9
t= _34.9 = 3.56 second.
9.8

Height of the cliff will be equal to the total vertical
distance covered (during t sec.):
Si=49+¢

St=4.9(3.56)> |S:=62.14 m]

&< Height of the cliff is 62.14 m.
0Q.No.9: A car is waiting at a traffic signal. As
it turns green, the car starts ahead with a
constant acceleration of 3 m/s2. At the same
time a bus traveling with a constant speed of 20
m/s overtakes and passes the car. \

(a) How far beyond its starting
(b) What will be the velociti o@'car

the car overtakes the bus?

at that time? (2013 Kar i Board)

Data: Q
Initial velocity of the ca

=0
a =3m/s?

Acceleration of the
Constant speed v =20 m/s.
(a) Distance beyond rting point at which
car overtakes the&{ S=?

(b) Final velOWjty of the car vy ="?

Solution:

(a) %ﬂve the time after which car
overtgies thefus. Distance covered by the car
n% S1=Vit+%at2
‘ ,1=O><t+%><3><’£2

S1 =15 t2

Distance covered by the bus during the

ame time: S, =vit+1at?
S>=20xt (bus is travelling with uniform
speed, a=0)
So=20t i (i)
When the car overtakes the bus at that
moment S$1=S;, OR 15t=20t
1.5t=20
t=20 =13.33 second

1.5

The car overtakes the bus after 13.33 second at
a distance beyond the starting point, given by:
S1 =1.5 t2
S1=1.5x% (13.33)?
S1=15x%x177.78

|S: = 266.67 m|
(b) velocity of car when it overtakes the bus:
Vr= Vit at
vVi=0+3x%x13.33 |vr=40 m/s
Q.No. 10: An electron in a vacuum tube
starting from rest is uniformly accelerated by
an electric field so that it has a speed of
6x10¢ m/s after covering a distance of 1.8 cm.
Find the force acting on the electron.
Take mass of electron as 9.1x1073! kg.
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Data:
Initial velocity vi=0.
Final velocity vr=6x108 m/s
Distance covered S=1.8cm=0.018 m
Mass of the electron m = 9.1x10-*" kg
Force F=2
Solution
2aS-= sz - Vi2
2 x a x 0.018 = (6x10°)? — (0)?
0.036 a = 36x10"?
a =36x10" a = 1015 m/s2.
0.036

According to second law of motion
F=ma =9.1x103"x 10"

|F=9.1x1016 N |

'4 Accelerating force (such a force speeds up a

body) acting on the electron is 9.1x10 -16 N.
Q.No.11: A bullet having a mass 0.005 kg is
moving with a speed of 100 m/s. It penetrates
into a bag of sand and is brought rest after
moving 25 cm. into the bag. Find the
decelerating force on the bullet. Also
calculate the time in which it is brought rest.

Data:
Mass of bullet m = 0.005 kg.
Initial speed vi= 100 m/s.
Final speed vi=0 k
Distance covered S = 25 cm.
Decelerating force F =
Time taken t="

Solution:

2aS=v2-v;? \%

2 x ax0.25 = (O (1

0.50a=— 10000()?*
a=—108Q0

0000 m/s2.
Accordi etond law of motion \

%&005 x — 20000
Q~ [F=-"100N)

Negative sign shows that the force
acting on the bullet is decelerating (or retarding)
in nature, such a force slows down a body i.e. it
produces deceleration. Therefore, the magnitude
of the decelerating force acting on the bullet is
100 N. Since,

VF=Vita t
0=100-20000t

20000t =100
t=_100
20000
'éThe bullet takes 0.005 sec. to come to rest.
Q.No.12: A machine gun fires 10 bullets per
second into a target. Each bullet weighs 30
gm. and had a speed of 1500 m/s. \)

|t = 0.005 sec])

Find the force necessary to hold the g

position. (2025 Karachi
Data:
Mass of each bullet m=30g 0 030 kg
Number of bullets fired pe =10
Velocity of each bullet after =1500 m/s

Force necessary to hold gun¥in position F=?
Solution:
e

Machine gun ullets form one
system. Before fir re at rest, their total
initial momentym is . To conserve
momentum t m%tal momentum after firing
must also . This is possible only if the
machigg gun Bas equal and opposite momentum
(afte@ to that of the bullet. In other

machine gun must recoil (move

» . )
bckward).
rce necessary to hold the gun in position is

ual to the reaction force exerted by the bullets
n the gun. This force is also equal to the rate of
change of momentum of the bullets. (velocity of
bullets before firing U = 0). Hence,
F = rate of change of momentum of 10 bullets.
F = change in momentum of 10 bullets
Time
F=10(mV-mU)
t
F =10 (0.03x1500 — 0.03x0) (t=1s)

1
F =10 x 0.03 x 1500 F =450 N

'6 To hold the machine gun in position while
firing 10 bullets per sec. 450 N force will be
required.

Q.No.13: A 100 gm. bullet is fired from a
10 kg. gun with a speed of 1000 m/s.
What is speed of recoil of the gun?
Data: (2026 Karachi Board)
Mass of bullet m =100 gms = 0.1kg

Mass of the gun M =10 kg.
Speed of the bullet  V4=1000 m/s.
Speed of the gun Vo =72,

Solution:
According to law of conservation of momentum:
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Total initial momentum = Total final momentum
Since the gun and the bullet both are initially
at rest, therefore, total initial momentum is
zero. Applying law of conservation of momentum

we get:
O=mVi+MV;
0=0.1x 1000+ 10 V,
10V, =-100
V,=-100 [V2=-10 m/s.)
10

'é Negative sign shows that after firing the

bullet, the gun moves backward (opposite to the
direction of motion of the bullet). This backward

movement of the gun after firing is called recaoil of the

gun.

&
S
N

oF

17



Rawala’s new physics notes for XI

Do you know that.......

There are four FUNDAMENTAL FORCES in nature:

/
0’0

X3

%

e

0

e

%

K/
0‘0

Strong force.
Electromagnetic force.
Gravitational force.
Weak force.

Strong force, this is the strongest force in nature, it
keeps nucleons (protons and neutrons) togather in a
nucleus. It is a short range force. Its range is even
shorter than diameter of a heavy nucleus.

This force is about 100 times stronger than the
electromagnetic force.

Field particles Gluons are exchanged in this force.

Electromanetic force, this force is basically an
interaction between electric and magnetic fields.
Electromagnetic force is responsible for the formation of
atoms and molecules, in general whole chemistry is due
to this force.

Field particles_ photons are exchanged in this force.
This force is about 1036 times stronger than the
gravitational force.

Gravitational force, exists between all bodies having
mass. It is a long range force.
Field particles_Gravitons are exchanged in this force.

Weak force, Weak force exists during certain nuclear
reactions such as in beta decay. This force is
responsible for the stability of atoms. It is a short range
force.
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