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Define m m Differentiate between the two main branches of
09162001

mechanics W
Ans: Mechanics:

Mechanics is the branch of physics that deals with the motion of objects and the
forces that cause or change this motion. It helps us study and predict how objects behave
when in motion or when forces are applied to them.

Two Main Branches of Mechanics:
1.  Kinematics:

Kinematics is the study of motion without referring to the forces that cause it. It
focuses on describing how objects move by examining parameters like displacement,
velocity, acceleration, and time.

Example: Describing the motion of cars, buses, or motorcycles on the

road without considering what causes them to move a &EE

ii. Dynamics: ‘ ‘

Dynamics deals w1 ] d | ‘ ¢s)and their effect on the motion uf ﬂb_]&cts
[t explains why an ob]ect m drid ¢onside

Example; ; ob]ect falling from a table to the ground by analyzmg

the fo \Fity aﬂlmg on it,

Q.2. Differentiate between scalar and vector quantities with examples. 09102002
Ans: Scalars:

A scalar is a physical quantity that can be described completely by its magnitude
only. Magnitude includes a number and an appropriate unit. For example, when we ask
a shopkeeper for 5 kilograms of sugar, the shopkeeper fully understands the quantity we
want based solely on the magnitude of the mass.

Examples:
Mass, length, time, speed, volume, work, energy, pressure, and power etc.

Addition of Scalars:
Scalar quantities can be added using simple arithmetic operations. For exam

5metersr+-3mf: ers=8 @O
Vectors: ﬁ
A vector is a physical t1 mag;mtude and direction to be
described completely, “

Examples:
Velocity, disp emen: force, momentum, torque, acceleration, and weight etc.
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Addition of Vectors:: =TS
Vectors cannot be added like scalars bec 5 gﬂQ magnitude and
direction. Vector quantities are add ﬂbygéf‘\
Importance in Kinema
Understanding '@ een scalars and vectors is very important in kinematics
because mﬁ@_ es both the magnitude and direction of quantities like velocity and
displacement. While scalar quantities describe "how much," vector quantities describe
"how much and in which direction." This distinction helps accurately describe and analyze
the motion of objects.
Q.3. How are vectors represented symbolically and graphically? Explain. 09102003
Ans: Symbolic Representation of Vectors: S JEY
Vectors are represented in textbooks ‘ ' v
using boldface letters, such as A, V, F, and d. | N
However, when writing by hand, vectors are |
denoted with a small arrow over the letter, like

A .V , F and d. The magnitude of a vector is ~ S

shown using the same letter without the arr %A @)"5”” —E

written in italics, such as A, ¥ F andd. &@ W

Graphical Representaﬁo S

Vectors  can graphically by A vector v making an angle ©

drawing a ight line with an arrowhead at towards north from east

one end. Fig 2.1 (a)

o Magnitude: The length of the line

corresponds to the vector’s magnitude,
determined according to a suitable scale.

o Direction: The arrowhead indicates the
vector’s direction.

Y F

30° "

X,

Reference Axes for Direction:
To define the direction of a vector. we use two
mutually perpendicular lines:

« Horizontal Line: Represents the east- =S
west direction and is called the x-axis A VWS {%@@ ngle 30

« Vertical Line: Represen X-axis

N o _.--"‘I

Fig. 2.1 (b)

south direction |
These axes intersect ¢ e origin, denutcd as O.
Figure Z.WMQ o mutually perpendicular lines representing the east-west

and north-south directions.
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Drawing Vectors on Axes:
Vectors are usually drawn starting from the origi

@Mxmdmg

toward the specified directiﬂn The dirdgti O (theta) with respect
o the x-axis m: AN :
Figure 2.1(b) Shows % ntal) and y-axis (vertical) intersecting at the origin

(0). A vector i mg from this origin, and its direction is indicated by an angle 0
with respect to the x-axis.
Veasurement of Angle 8:
« The angle 0 is measured from the right side of the x-axis in an anti-clockwise
direction.

« This angle helps specify the vector’s orientation relative to the reference axes.
Conclusion:

Vectors are represented both symbolically and graphically to illustrate their magnitude and
direction. Reference axes (x and y) provide a framework for defining the vector’s
orientation, while the angle 0 specifies its direction relative to the x-axis. Understanding
this representation is essential for accurately describing vector quantities in physics.

).4. Define resultant vector. How vecturs are added by Erplain
with the help of a suitable example. % 09102004
Ans: Resultant Vector

A resultant vector is csents the combined effect of two or more
vectors. It has the sam individual vectors acting together. When we add multiple
vectors, the reshj ives us the fotal effect in terms of both magnitude and direction.

Head-to-Tail Rule:
The head-to-tail rule is a graphical method used to add vectors. It states that to

2dd two or more vectors, redraw their representative lines such that the head of one

vector coincides with the tail of the other. The resultant vector is the single vector

directed from the tail of the first vector to the head = : '

of the last vector.

Illustration of addition of vectors:

Let's take two vectors vi and v2 having
magnitudes of 300 N and 400 N, acting at angles of
30° and 60° with the x-axis. So,

Vector vi: Magnitude = 300 N, Angle = 30° with

the x-axis. a
Vector v2: Magnitude = 400 N, Ang VB @\]

the x-axis. “E@m%@ |
Graphical Representati % | |
Chuoﬁnga@lﬂp\\ugg y I

The selected scale is 100 N=1 cm. Therefore, vi is | Fig. 2.4 ()
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drawn as 3 em (300 N) and va is drawn as 4 em (400 N). , (,\ @C)ﬁﬁ"
Drawing the Vectors: \ J,ﬁ‘
Figure 2.4(a) Shows the vectuﬁ { '(, Sﬁ\gﬁg smg the head-to-tail rule,

maintaining their magnit
Step 1: Draw v as it igl'l / aﬂung an angle of 30° with the

X-axis. ,\T \‘Jj\ A

Step 2: Draw v2 starting from the head of vy
and making an angle of 60° with the x-axis.
Determination of Resultant Vector:

Figure 2.4(b) Illustrates the resultant vector
formed by connecting the tail of vi to the head
of va.

Magnitude:
¢ The resultant vector is measured as 6.8
em .
e Using the scale (100 N = 1 cm), the | X
magnitude of the resultant v s =
calc:gl:::ated as: fa {DO@@
v=6.8cmx 100 Na’cm—éﬁﬂl‘{) \i\m‘w 24 (b)
Direction:
The due-:tmn 13 g e Gf’ 49° with the x-axis. So. magnitude of
rev.ullam vecto ¥direction is angle 49° with x-axis.
explam rest and motion with the help of example. Show that rest
and muﬁun are relative to observer. 09102005 3
Ans: Rest:

If a body does not change its position with
respect to its surrounding, it is said to be at rest.
Example: when a motorcyclist is standing still on the

road, an observer can compare the motorcyclist's
position to nearby objects such as a building, tree, or
pole. If the motorcyclist's position does not change
with respect to these objects (Figure 2.5-a). then the
observer will conclude that the motorcyclist is at rest.
Motion:

If a body continuously changes its p@;ﬁ @L\‘ '
respect to its surroundin sai %&T

S
Example: In the case i@g starts
driving (Fi I“III'tH_.,\F 'er W1[l notice that the

nmmn.ycha on is changing relative to the

Fig 2.5(b)
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same surroundings, such as the building, tree, or pole \1/7@5/& @{ erver will
o

conclude that the motoreyclist is in mutmm i H
an

Relativity of Rest and Mntl n:
The concepts of rest and mg they depend on the observer's frame
of reference. A bo one ﬁ‘ame of reference and in motion in another. .

Example ersun standing inside a moving train. To other passengers inside
the train, the person appears to be at rest because their position does not change relative to
the train’s interior. However, an observer standing on the railway platform will see that the
same person 1S in motion because their position changes relative to the stationary
platform. |

Q.6. Explain different types of motion and give examples. Further explain types of

translatory motion. 09102006
- .
TYPES OF MOTION
« Differentiate three types of motion. O YU“

Examples of three types of motion

* from daily life. Online ew }
-';'u:.'-. . o r\l ) a D<

7. 8% .MMWGWMWW%HWGMT-M)

-. e - |::| mﬁ\}} e
Ans: In our r.lailfH EEJ\% various types of motion. Generally, these can be
8

categorized 1 in types:
i. Translatory Motion ii. Rotatory motion iii. Vibratory motion
i. Translatory Motion

If the motion of a body is such that every particle of the body moves uniformly in the
same direction, it 1s called translatory motion. :
Example:

(i) The motion of a train or a car is translatory motion.
(ii) Riders moving in a fernes whee:l
Types of Translatory Motion:
Translatory motion can be classified into three subtypes:
(a) Linear motion
If the body moves along a straight line, it is called linear tm : @Y"’fﬁ
S

Example: ‘\' o
(i) Mation of freely fallin CX@(M
(ii)  Aeroplane W

(b) Random mo ]
If the@Mv@' a?nng an irregular path, the motion is called random motion.
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Example:
(i) The motion of bee

A @@K@
(ii) The motion of gas molecules aleng a\zig: @C‘
(¢) Circular motion m
The motion of a bo%@ § called circular motion.
Exam o
(i) otion of ball tied to one end of string.
(i)  Motion of moon around the earth.
ii. Rotatory motion:
If each point of a body moves around a fixed point (axis), the motion of this body
is called rotatory motion.
Example:
(i) The motion of an electric fan.
(ij)  Motion of drum of a washing machine dryer.
(ifi) Motion of top.
(iv)  Motion of a cycle wheel.
iii. Vibratory motion:

When a body repeats its to and fro motion about a fixed p@@ﬁ& motion 18
called vibratory motion. @@ f}
Example:

el
(i) The muﬁnW&E}@i park.
(ii) i pendulum.
Q.7. Di e between Distance and Displacement. 09102007

Ans: Distance:

Distance is the length of the actual path of motion.
Nature of quantity:

It is a scalar quantity, meaning it has only magnitude and no direction.
Displacement:

Displacement is shortest distance between initial and final position.
Nature of quantity:

The displacement of an object is a vector quantity whose magnitude is the shortest
distance between the initial and final positions of the motion and its direction is from the
initial position to the final position.

Example: —— c{_i} e B
Let a person travel from Lahore to Multan @W ‘:’

in a car (Fig.2.6). On rea Ing %ﬁéﬁ@ d

person notices on the sp :

distance traveled A represents

the total pa ed by the car, which is

the distance. However, this is not the A

= —




Multan, with a direction from Lahor
Note: Distance is alwa e magmtude of displacement.

shortest distance between Lahore and Multan, as the car took Mg the way.
The displacement, in this case, would be the shorte W@ om Lahore to

s of speed and velucny Also discuss uniform and non-
unifnrm ve with an example. 09102008

Ans: Speed: Speed is defined as the distance covered in unit time.

Formula: If S is the distance covered by body in unit time ‘t’, then.

Distance covered
Speed = ;
time taken
e V== or Distance = Speed x time or S=v * 1

4
Speed is a scalar quantity. The SI unit of speed is meters per second (m/s) or kilometers
per hour (km/h).
Instantaneous Speed: The speed of a vehicle that is shown by 1:5 eter at any

instant is called instantaneous speed. a
ime taicen_

Average Speed: Det'med as the tofz

Y POYESY T rotal time taken Vav 1
Velnclty Mcement of a body in unit time is called velocity.
Displacement
time

velocity =

3 d
1.e. v=? ord=v*t

Example:

If a car is moving towards the north at the rate of 70 km/h, the speed of the car is 70 km/h,
a scalar quantity. However, the velocity of the car is a vector quantity, with a magnitude of
70 km/h directed towards the north.

Uniform velocity: The velocity is said to ‘be uniform if the speed and direction of a
moving body does not change.

Non-uniform velocity: If the speed or direction or both of them changes it is known as

variable velocity or non-uniform velocity. @O E\
Example: ®) ma

The example of a bodé ovi the downward motion of a
paratrooper. When a pg gﬁ& om an aeroplane, he falls freely for a few
moments. Thex ﬂq_-,! athite opens. At this stage the force of gravity acting downwards
on the pa tooper is balanced by the resistance of air on the parachute that acts upward.
Consequently, the paratrooper moves down with uniform velocity.

— — — — — 435}— — = - -




Q.9. Explain the concept of acceleration and its typ @@g@nifnrm and
non-uniform acceleration. o \a 09102009

Ans: Acceleration:
Acceleration is dg hange of velocity. It occurs when there

is a change in the m on of valnmty or both.
Types of M
Positive Aeceleration:

When the velocity of an object increases, it experiences positive acceleration.
Example: When a car overtakes another one, it accelerates to a greater velocity.
Negative Acceleration (Deceleration/Retardation):

When the velocity of an object decreases, the acceleration is negative.

Example: When brakes are applied to slow down a bicycle or a car, it undergoes
* deceleration

change in velocity

Formula: Average acceleration = ;
_ time taken

Vi—Vj Av
or Azy =
t t
The STunit of acceleration is meters per second square
If acceleration a is constant then above equa o u S
Uniform and non-uniform elerati
Uniform Acceleration:

to be uniform. o
Non-unif leration: If anyone of the magnitude or direction or both of them
changes it is called variable or non-uniform acceleration.
Q.10. What is a graph? How it is drawn? Explain. 019102010
Ans: - Graphical Analysis of Motion i e et LRI e e

A graph is a pictorial diagram, represented fifiHi o E R SR
by a straight line or a curve, that shows the i 0 [

Aav =

T-E_-"- Hrt I
-

relationship between two physical quantities. It is |
commonly drawn on graph paper with equally E
spaced horizontal and vertical lines. The =
intersection points of the horizontal lines (x-axis)
“and vertical (y-axis) lines is called the origin (0).

Axes Representation:

0 A\ B s s
X-axis (Horizontal): O %—‘ st Lt s A i B s
independent va e (1). Fig. 2.7

Positive v, € to the right, and negative values to the left of the origin.
Y-a cal): Represents the dependent variable, such as distance (8S).

Positive values are above the origin, and negative values are below.

—— = = 36 = = = = |
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Steps to Draw a Distance-Time Graph: g @

(i) Select Axes: Place time (t) on the x-a:xs ane

select appropriate scafes forBoth\axes (e g1 minute = 1 cm on the X-axis, 12km=1
cm on the y-axis), 1 :
(iii) Mark values according to the selected scale along both axes.

(iv) Plot Data Points: Plot points for each pair of time and distance values.
(v) Draw the Line or Curve: Join the plotted points to create a straight line or curve,
depending on the motion type. '

Q.11. What is distance-time graph? Explain steps to draw a graph on a paper.
09102011

Ans: Distance-Time Graph

Distance-time graph shows the relation between distance § and time ¢ taken by a
moving body.
Let a car be moving in a straight line on a motorway. Suppose that we measure its distance
from starting point after every one minute, and record it in the table given below:

Time ¢ (min) 0 1 2 | 3 b4 3@@
Distance S (km) | 0 | LB, rj \E‘ﬂ\ﬁ\i\ﬁ“] 243 | 6.0

. !

L
Follow the steps given W Lﬁﬁ on a yp —r—
centimetre Wo ; - _ i

(i) Take ti ng x-axis and distance S along y-

axis. g
(ii) Select suitable scales (1 minute = 1 cm) along x- @ “I‘
I

axis and (1.2 km = 1 cm) along y-axis. The graph

paper shown here is not to the scale. _
(iii) Mark the values of each big division along x and y 1.2 : ;

axes according fothe scale. ' ZL I e %
(iv) Plot all pairs of values of time and distance by '_,2 ¢ [n?in] : Fig ;1

marking point on the graph paper.

(v) Join all the plotted points to obtain a best straight
line as shown in Fig. 2.8. from the table, we can
observe that car has covered equal distance in

equal intervals of time. This shows that the car—<q
moves with uniform speed. T @;@%
line graph between® ts
motion with unifi '

(a) Now Wﬁm journey of the car as
recordedin the table given below:

= = 5 37 pmm——— —




Timer(min) |0| 1 2 3 4 -AEN
Distance S (km) | 0 | 0.246 0.96p 71 21602 6.000

iS U
Table shows that speed; asi gq%ilal intervals of time. This is very obvious
from the graph as sho 9. The graph line is curved upward. This is the case
when _ isthoving with certain acceleration.
Q.12. ain distance time graph for an object: 09102012
(i) When speed of object decreases
_ (ii) When object is at rest
Ans: (i) Distance time graph when speed of an
object

decrea Time

a vy | O T[22 ]4]5

Distance
(km)

0 [20]3.1]40 46|50

The slope of graph is curved downward. This shows
that distance travelled in the same interval of time

goes on decreasing, so speed is decreasing. 13 is
case of motion with deceleration)

acceleration as shown i
(ii) Distance-time gra

el

UG
:WJ}? il 2ladgls

Distance
ke 1 b S [ i R O, ) % 1 e )
(km)

rest

Ans: Slope is horizontal in this case (Fig 2.11). It
shows that the distance covered by the car does not

change with change in time. It means that the car is not ol % 2 3 & =%

s Lau —>t (min)
moving; it 1s at rest. Fig 2.11 :
Q.I3. Explain gradient of distance-time graph. What does the gradient of distance-
time graph represents? 09102013

Ans: (i) Introduction to Gradient and Distance-Time Graph:
The gradient is the measure of the slupe nf a line un @E@ce time graph,
this slope represents how distanc ?ndlcanng the speed of an

e
object. X&&

(ii) Selecting Points PO
To calculate th ct any two points in time, t; and t;, on the x-axis. Draw
vertical es from these points to meet the graph at points P and Q. These points

represent the positions of the object at times t; and ta.

— - 3p




(iii) Drawing Horizontal Lines fnr Distnnce

= E@@m& and Sa.

These intersections represent the distances ( ere the object at times t; and
t2, respectively. @)

(iv) Calculating the && Jistam

The distann:w@ﬁﬁﬂﬁe interval is given by: y T
Sa — Si=AS

The time taken for this interval is: Q /

t2— 11=At S:
(v) Determining the Gradient (Slope):
The slope or gradient of the line connecting
points P and Q is calculated using:

—>5(m)
(5:- 511

Slope = pens . p !
Slope change in distance S;-S; AS AS E (t, - ) |
0
h ty—p, At . - =
vi) Relationship with Average Speed:
Fig 2.12
The average speed of the nb_]ect :s R J’?C;\ ((F"O

Eaae

This is the same as nce -time graph. Therefore, the gradient of the
d1stance- to the average speed.
(vii) Tang and Graph Line:

The slope of the graph line is also expressed as the tangent of the angle 8 formed between

the graph line and the time axis:

Wy 15 AS
At

Conclusion: Gradient of distance-time graph is equal to the average speed of the body.
Q.14. Explain speed-time graph when an object: 09102014
(i) moving with uniform acceleration
(ii) moving with constant speed
Ans: Speed Time Graph
Suppose we can note the speed of the same car after everyone secon and record it

in the table given below. we can draw the graph betweer a \@ e t. This is

called speed-time graph. 2

(i) When an object mug\ﬁw' | accelera :
- DUV

ol wl
Speed v(ims ' ) 0 8 16 24 32 40




Take  along x-axis and v along y-axis, Scale can &@{f@cm (x-axis)
and speed 10ms™'= 1 cm along y-axis. o
Slope of the graph is shown in Fig, * smg upward. This shows that
speed increases by the s one second. This is a motion with uniform
acceleration. It i

m the table.

T‘A’}E\R@l\ \\l“iwu I 2 3 4 5

A el 20 20 20 | 20
In this case, graph line in horizontal (Fig 2.14) parallel to time x-axis. It shows that speed
does not change with change in time. This is a motion with constant speed.

Fa
~30
L .
E 200 P
o :
" g | T
I .
0 !. 2. 3 e
—> t ()
Fig 2.14
Q.15. Explain gradient of speed-ume ph @Dﬁf speed-time
represent? Find the gradient of &]m moving with constant
speed. 09102015

Ans: The gradient @-tmm graph provides essential information about
the accelerats g object. Depending on the nature of the motion, the slope
varies an ects either a constant acceleration or constant speed

Let's analyze these two scenarios in detail.

—— — e —%m}u—— = = —



NgioRs
Motion with Constant Acceleration: ﬁ rﬂﬁ
In this scenario, the speed of an 0bject chﬂﬂges m‘m onslder the speeds
at times t; and tz as v and v eSpe wﬁj (av) over the time interval
_\__'fu-o-
(At) is Expresseci as: % o
t _t: —11

The gradient b f the speed-time graph is calculated as:
change in speed vp;-vy AV

Slope =
Pe change in time t;_p, At

From the definition of average acceleration (a):
_E
At )
Hence, the gradient of the speed-time graph equals the average acceleration of the object.
Motion with Constant Speed:
When the object's speed does not change with time, it moves with constant speed In this
case, the speeds at times t; and t; are the same:
| Vy — 1?1=U

SlﬂpE_ a @@m

2y o
This shows that the acceleration of thli@“@ﬂmﬁm without the change

in speed. Q
Q.16. Show that

speed-t:me graph is numencally equal to the
ject. 09102016
Ans: The distance moved by an object can be determined by calculating the area under a
speed-time graph. :

(i) Distance for Motion with Constant Speed:

When an object moves with a comstant [y o
speed (v) over a time interval (i), the
speed-time graph is a horizontal line at | | ¥
speed v, as shown in Figure 2.15.

The distance covered (s) is given by the | v 4
equation: S=vxt t

The speed-time graph forms a rectangle | | ¢ t f
with Base (t) and Height (\r] (\3\

The area of the rectangle is given by: =L EIeN2( ol

Area=base x height \/. (‘,XU\E\B R

Area=txv 0O m %

Hence, the area under \:&u& cally equal to the distance covered by the Uh_]ﬂﬂl
(ii) Distan Uniformly Increasing Speed:

If the speed of an object increases uniformly from 0 to v over time t, the speed-time graph
‘orms a right-angled triangle (as shown in Figure 2.16).
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The average speed (vu) is given by:

G
it SO

using the equation:

The distance covered ¢

Distance W@@%ﬁ peed * timﬂ=§><t Ya |
The speed‘time graph forms a triangle, with v - o
base (1) and Height (v)

The area of the triangle is given by:

P

Area =% x base x height

1 v
Area=—xtxv==xt
2 2

Hence, the area under the graph equals the Ol f—> E
distance traveled by the body. Fig 2.16

Q.17. Explain the three equations of motion used to solve problem of motion,
what are the assumptions made while applying these equations. 09102017

Ans: Three equations of motion are used to solve probl r odies. If vi 1§
the initial velocity of the body. vr is the final wel @% en, S is the distance
covered and a 1s the an:{(‘ﬁvt' %ﬂ;&%( Q Eiﬁ
vi=vi +at % ﬁi&
oo

1
S=wvit+

2as = v - Vit

Assumptions in Applying the Equations:

(i) Motion is always considered along a straight line

(ii) Only the magnitudes of vector quantities are used.

(iii) Acceleration is assumed to be uniform.

(iv) The direction of initial velocity is taken as positive. Other quantities which are in the
direction of initial velocity are taken as positive. The quantities in the direction
opposite to the initial velocity are taken as negative.

Q.18. Explain the concept of free fall acceleration and describe how the equations of

motion are applied to freely falling bodies? What are the important points te

consider when using these equations for objects in free fa 09102018

Ans: When a body is falling freely underct ] f\grar D@@ eration acting on

it is called gravitational accelerat

downward towards t F i

but for conveni Jﬁg .‘t“?‘

APpro
O

Since es vertically downward in a straight line with uniform acceleratior

due fo gravity, the three equations of motion can be applied to describe the motion 0

—_— — — — — é“z? = = — —




freely falling bodies. In these equations, the acceleration 3

acceleration due to gravity. *Cl;he M:@@ 3
Q“@\ﬁ it +

'z‘gtJ .
W 2gh = vé - vi?

Important Points to Remember When Using These Equations:

It should be remembered that while using these equations, the following points should be

kept in mind:

(i) Ifabody is released from some height to fall freely, its initial velocity vi will be taken
as Zero.

'ii) The gravitational acceleration g will be taken as positive in the downward direction.
All other quantities will also be taken as positive in the downward direction. The
quantities in the direction opposite to the acceleration will be taken as negative.

ni) If a badf is thrown vertically upward, the value of g will be negative and the final

velocity will be zero at the highest point.
DS

Example 2.1 Q @E: If 09102019
Draw the velocity vector v3 ' an angle of 60° to the east of
north. % N P
v
Solution: -
(i) Draw two mutually perpendicular lines indicating 60°
N, S, E& W. T E

(ii) Select a suitable scale. If 100 ms™ = 1 cm, then
300 m s~ ! are represented by 3cm line.

(iii) Draw 3 c¢m line OP at an angle of 60" starting | S

from N towards E. Fig 2.17
(iv) Make an arrow head at the end of line OP. The OP is the vector v.
Example 2.2 09102020 Q

Draw a force vector F having magnitude of 350 N and
acting at an angle of 60° with x-axis.

Solution:
(iy Draw horizontal and vertical lines to pepre! mﬂaﬂ©@) J
and y-axis as shown 1&W y ’
ang

(ii) Scale: If100N=1¢ 5cm (@)
(iii) Draw 3.5 ! le of 60° with x-axis.
(iv) Make rrow head at the end of the line OQ. The y

OQ is the vector F. Fig 2.18
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Example 2.3 =0 ﬁ@ mm?i?w
An eagle dives to the ground along a 300 §e speed of 60 m s~
How long does it take t& %}h&
Selution: \F‘ %%
Total disMﬂeﬂ S =300 m
Average speed = v,, = 60ms™’
Total time taken = t=?
Using the equation v,, = ?
S

or t= —

v.."!'
putting the valuest = 300m /60ms ' = 5s
Example 2.4: : 09102022

Vo h@&@@m& below. It

A plane starts running from rest on a
accelerates down the run-way an :
Determine the average

Solution:

Initial velocity = v; = 0
Final velocity = vy = 252 km h™?!

252x10°m 1
— S

60=60s

Time taken=t = 20 s
Average acceleration = a,, =7
r — Vi

Using a =

=L A b @G@@@@
Putting the values Q é\@@\\f]
T i

_ 3ol




e

Example 2.5 09102023

An iron bob is dropped from the top of A to m in 4 seconds.
Find: (a) the height of the tﬁer (h‘}H @ s it strikes the ground.

Solution:

For freely fallm

[nitial velﬂcl = 1:1 =
Acceleration = = 10m s>
Time =t=4s
Height (distance) =S =h=?
Final velocity : =p=2

(a) According to second equation of motion,
Yo
=i+ —
5 =Wt > gt

Putting the values, h=0 x4s+ % x 10ms~ = (4)° §°

h=80m a @ m
(b) From the first equation of motion, Ee l@na@

4s=40ms™?!

Putting the values, v¢ = %
Example 2 @NNM 09102024

An arrow is thrown vertically upward with the help of a bow. The velocity of the
arrow when it leaves the bow is 30 m s~ 1. Determine time to reach the highest point?
Also, find the maximum height attained by the arrow.

Solution:
Initial velocity = v; =30ms?
Final velocity =v =0
Acceleration =g=-10m =2
Time =1 =7

Height S=h= |
From first equation of motion: \@X@W@ q@@m

S
* e

values of t= ————— =3s

— ——{ 45
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1. The numerical the figure. Point out the true

dlsplacenr,g statement from the following:
\ ' 09102025 09102030
(a) always less than one A

(b) always equal to one _
(c) always greater than one

(d) equal to or less than one ? B
2. If a body does not change its
position with respect to some fixed
point, then it will be in a state of:
09102026 —>
(a) rest : (a) The velocity of A is greater than B
(b) motion (b) The velocity of A is Jess than B

(c¢) uniform motion (c) o VE % @@ al to that
(d) variable motion ® @@ 2
3. A ball is dropped f Q 0 ¢ graph gives no information in

tower, the distance ¢ this regard

S Fras O'=wnin 7. The area under the speed-time
(a) Sm (b) 10m graph is numerically equal to:
(c)50m . (d) 100 m 19102031
4. A body accelerates from rest to a (a) velocity
velocity of 144 km h~' in 20 seconds. (b) uniform velocity
Then the distance covered by it is: (¢) acceleration
09102028 (d) distance covered
(a) 100 m (b) 400 m 8. Gradient of the speed-time graph is
(c) 1400 m (d) 1440 m equal to: 019102032
5. A body is moving with constant (a) speed
acceleration starting from rest. It (b) velocity

covers a distance § in 4 seconds.
How much time does it take to

N

(d) distaneeed @@m
cover one-fourth of this distance?, dent aﬂgdistance—ﬁme avh
ﬁ@j@ﬁ%ﬂf e

09102029 I
(a) 1s Qm % equal to the: 09102033
¢c)4s (a) speed
- N N C‘% (b) velocity

(c) distance covered
(d) acceleration

(¢) acceleration

6. The d ent time graphs of
two objects A and B are shown in

—¢ 46
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10. A car accelerates uniformly from 80.5 kmh™! at
Which graph best describes the motisn 0

A\Wfff et

att =9s.
09102034

v

@ | 4 | ® | 5 | ()

Displacement
1. Change in position of a body from
initial to final point is called:

09102035
s %
(¢) Speed %“\S\S\l
(d) Velo
2. A girl walks 3 km towards west and
4km towards south. What is the
magnitude of her total distance and

displacement respectively?
09102036

(a) distance
(b) displacement

(a) Tkm, Tkm
(b) 1km, 7km
(c) Tkm, 1km
(d) 7km, Skm

Displacement-time graph

3. When the slope of a body’s
displacement-time graph 1rtozr*«f.'::ls::ss;:,:J
the bedy is moving wi } 091020
(a) increasing veluclty ”\ \j\,:
(b) decreasm \:\i

(c) cuns
(d) all of these

SLO based Additional MCQs

Tvpes of Motion
4. Motion of a screw uf

@m@ motion

(¢) Random motion
(d) Rotatory motion

Acceleration

5. A cyclist is travelling in a westward

gfnnls'
:ess

direction and produces a
deceleration of 8 m/s* to stop.
09102039
(a) North (b) East
(¢) South (d) West

6. A ball is thrown straight up, what is
the magnitude of acceleration at the
top of its path? 09102040
(a) zero (b) 9.8m/s*
(c) 4.9m/s* (@) 19.6m/s’

R fﬁ\he@thes so that its

1 ‘sﬁ‘g{wrﬂases by 20 m/s. The
acceleration is: 019102041
(a) 0.25 m/s* (b) 4 m/s*
() 25 m/s’ (d) 100 m/s’

4 47 =



Velocity

8. A rider is training a horse.

moves 60 meters tng ds
seconds. Then it m\;&

travels 30 nds. Find
its ave city. 09102042
(a) 6m/s (b) 18m/s
(c) 35m/s (d) Om/s

9, If a cyclist has acceleration of 2m/s?
for 5 seconds, the change in velocity
of the cyclist is: 09102043
(a) 2m/s
(b) 10m/s
(¢) 20m/s
(d) 15m/s

10. A car is moving with velocity of

10m/s. If it has acceleration of 2m/s?

|

11.

12.

for 10 s : @@@r‘ﬁna[ velgf:ﬁ;’
ﬁ?ﬁ%@\ﬂ 09102044
( k) @3 (b) 20m/s |

(d) 15m/s
Ball dropped freely from a tower
reaches ground in 4s, the speed of

impact of ball is: 09102045
(a) 0 m/s (b) 2.45 m/s
(c) 19.6 m/s (d) 39.2 m/s

Speed Time Graph

Area under speed-time graph Iis

equal fo ~ of moving body:
019102046

(a) distance

(b) change in velocity
(c) uniform velocity
(d) acceleration

2\ O

Distance Time Graph

13. slope of distance -ti

(a) velocity )\
14. Whic f stance tim
06910

IS
I speed

e graphs represents increasing speed of a car?

09102047
(d) displacement

S S -

5‘ {mj S (m) 5 {m) 5 tm)
- —=t (5] t sl G!J «1 (5§ D[V =L %)
A B o n
O O T ) 4 | @ ! 5 | o
6 (b) 7 (b) 8 (a) 9 (b) 10 (a)
11 (d) 12 (a) 13 (c) 14 (c) @,{& '
* By CO
(B) Short Questio ng
2.1  Define scalar) % , tude only. Magnitude includes a. |
quantities. 1 % number and an appropriate unit.
Ans: S J\J 2 Examples: Mass, length, time and speed,
A secalar is a physical quantity that | etc.

.can be described completely by

its

€48 3




Vector: \
A vector is a physical quantity thz&}
requires both magnitude dir

be described cﬂmp!etel}'
Examples: Velogj
force etc.

2.2 Give 5 examples each for scalar
and vector quantities. 09102050

Ans: Scalar quantities: volume, work,
ENErgy, pressure, power

Vector quantities: force, momentum,
torque, acceleration, weight

2.3 State head-to-tail role for
addition of vectors, 09102051

Ans:  The head-to-tail rule is a graphical
method used to add vectors. It states that to
add two or more vectors, redraw their
representative lines such that the h
one vector coincides with tai
other. The resultant vect %
vector directed the first.
vector to th e Iast vector.

24  What are distance-time graph
and speed-time graph? 09102052

Ans: Distance-Time Graph: Shows
how distance changes over time. The slope
of this graph represents speed.

Speed-Time Graph: Shows how speed

changes over time. The slope of this graph
represents acceleration, and the area under
the curve represents distance traveled.

2.5 Falling objects near the Earth
have the same constant acceleration,
Does this imply that a heavier nhjeﬂ
will fali faster than a lighter ob

102
Ans: No. a heavier nb]e%@
faster than a lighte, ropped
from the Emr the Earth's
surface, assuming air resistance is

== —— — e

of)

: (i) Constant velocity:—
No, a bo é} nt velocity

(oA

fall at the
~arth's surface, all
a constant acceleration of
ppmxunately 10ms2, regardless of their
mass. This is because gravity acts on al]
objects uniformly.
26 The vector quantities are
sometimes written in scalar notation
(not boldface). How is the direction
indicated? 09102054
Ans: When vector quantities are written
in scalar notation (without boldface), their
direction is indicated through various
means.
i. Positive and Negative Signs
ii. Directional Wards

negllglhle B

A body is moving with uniform
speed. Will its velocity be uniform? Give
reason, 09102055
Ans: No, a body moving with uniform
speed may not have uniform velocity.
Velocity includes both magnitude and
direction, if the direction changes, the
velocity changes even if the speed remains
constant.

2.8 [s it possible for a body to have
acceleration? When moving with:
- (i) constant velocity ‘

(ii) constant speed 09102056

Ans

_ direction  remain

) as zero acceleration.
Acceleration is .the rate of change of
velocity. so if the velocity does not change,
the acceleration is zero.




(ii) Constant speed:
Yes, a body moving with constant speed 5
can have acceleration if its di
changing. For example

tmn. which

conlmunusl
acceleraﬁun
ard the center of the circle,

ven thuugh the speed remains constant,

and velocity

Speed
The car while moving on a
circular road may have constant speed,
but its velocity is changing at every
instant, Why?

2.1

09102057

Ans: The car's velocity changes at every
instant on a circular road because velocity
is a vector quantity. While the speed
remains constant, the direction of motion
changes continuously along the circular
path, causing a change in velocity.

Free fall acceleration

. “‘ » acceleration against the direction of

2.2 VWM eqquations of motion.
motion fo ely falling bodies. 09102058 (iii) A uniformly moving body 15 a
Ans: fixed direction has zero acceleration. A
(i) vi=vi+ gt uniformly moving car in the right direction
(i) h=vit+ i—gtz is an example of zero acceleration and the
i)  2gh=vi—vi body is in motion.
23  With the help of daily Ilife Graphieal analysis of motion
examples, explain the situations in
which: 09102059 t
(i) Acceleration is in the direction of 'L

motion g
(ii) Acceleration is against the direction E:'

of motion E\ﬁ
(iii) Acceleration is zero and h%@&

motion K

aily life
on is in the

example&{p accelerat

_q{

Gl

direction of motion, against the direction
of motion and zero.

Explanation:

(i) A freely falling object has direction

of motion downward and acceleration due
to gravity is also downward. An apple
falling from a tree is an example ©
acceleration in the direction of motion.

(i)

A  body

thrnwmﬁ
. An

ricket ball is an example of

ng

time——»
2.4  (a)What does each line on the
graph represent? 19102060

50 #




(b) Which ecyclist traveled the most
distance?
(c)Which cyclist traveled %Q% m{(
speed? The lowest spee
speed?
Ans:
(a) Each line on the graph represents the
motion of a cyclist (A, B, and C) in terms
of the distance traveled over time ata
constant speed.
(b) Cyclist A traveled the most distance as
1s line is the highest on the graph.
(€)
+ The greatest speed: Cyclist A (steepest
slope).
The lowest speed: Cyeclist C (least steep
slope).
All cyclists traveled at co t speeds 5
as their lines are straight. gﬂ K\S\l

a

1.5  What doe
distance-time represent? 09102061
Ans: The gradient of a distance-time

zraph represents the speed of the object. A
steeper gradient indicates a higher speed,
while a flatter gradient indicates a lower
speed.

2.6 What does the gradient of a
speed-time graph represent? po102062

Ans: The gradient of a speed-time graph
represents the acceleration of the object. A
positive  gradient increasing
speed (positive acceleration), while a
negative gradiemnt
speed (negative .acceleration])

1.7  What dloes th é& a
speed-time W{w@!eut? 09102063
Ans: The aredf under a speed-time graph

indicates

indicates decreastne

A vector _can
phic @@Wimﬂ with
1 %§§5§§ ;ig t one end. The length of
m represents the magnitude of the vector

28

Is it possible that displacement is
zero but not the distance? Under what
condition displacement will be equal to

distance? 09102064

Ans. If a body starts motion and finally
reaches its initial position, then in such a
case displacement is zero but not the
distance.

Displacement and distance are equal when
the body goes straight from initial point to
the final point. A car moves straight to the
school Hear distance and disp[acemﬁ:nt are

SQ @e sultant vector. 09102065
ns.

We can add two or more vectors o

get a single vector. This is called as
resultant vector. It has the same effects as
the combined effect of all the vectors to be
added.

2.10 How a vector is represented
graphically? Explain.
Ans,

09102066
resented

quantity according to & suitable scale while
the direction of arrow indicates
direction of the vector.

the

% 51 3




2.11 What is meant by uniyersak
speed limit? o
Ans. In 1905, famous |
i nary theory
which modified many
of the basic concepts of physics.
According to this theory, speed of light is a

..-r""“x

“SLrIN L

universal vaiur: is
%It?g Speed of
the same fnr all motions.

Auy ﬁb_]&ﬂt with mass cannot achieve
speeds equal to or greater than that of
light. This is known as universal speed
limit.

(C) Constructed Response Questions

2.1 Distance and displacement may
or may not be equal in magnitude.
Explain this statement. 09102068

Amns: Distance apd displacement may or
may not be equal in magnitude. Distance is
the total path length traveled, while
displacement is the straight-line distance
between the initial and final positions, w1th

direction. They are equal in magmy (O

only if the object movesUn &
without changing d ‘ 1
changes W ;
greater than 'the displacement,

2.2  When a bullet is fired, its velhcity
with which it leaves the barrel is called
the muzzle velocity of the gun. The
muzzie velocity of one gun with a longer
barrel is lesser than that of another gun
with a shorter barrel. In which gun is

the acceleration of the bullet larger?
Explain your answer. 019102069

24

(a) {b}

Ans: The acceleration of the bullet is
larger in the gun with the shorter barrel.
This is because the bullet has less distance
and time to reach its muzzle velocity,
resulting in a higher acceleration compared
to a gun with a longer barrel, where the
bullet has more- ti elerate and
rea Groy e
complete trip, average
ocity was calculated. Its value came
out to be positive. Is it possible that its
instantaneous velocity at any time
during the trip had the negative value?

Give justification of your answer.
09102070

Ans: Yes, the instantaneous velocity can
be negative even if the average velocity is
positive. The average velocity is based on
the overall displacement, but at any given
momient, the object could be moving in the
opposite direction, resulting in a negative
instantaneous velocity.

A ball is thrown vertically upward with velocity v. It returns to the ground in
time T. Which of the following graphs correctly represents the mn

09102671

Q@:

0

"".\ r’{mpiﬁl% Q%%@Q%@ T

—

T/z
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Ans. Graph d is correct because it shows a triangular shape, i ’mtiwﬂgtant rate of
change of velocity in both directions. This h is, co %{ tely reflects
the constant acceleration due to grayi ¢ upward and downward
motion @)

2.5  Figure given istance-time graph for the travel of a cyclist.
Find the v%w:ﬁﬁlﬂ ments a, b and ¢. 09102072
2.0
18
16
14
1.2
1.0
08
0.6
04
0.2
0

Distance——> S (km)

Ans. i. Segment a (0 to ¥

This segment mz : ‘ﬁ‘- h-‘l ncrease in distance, indicating constant velocity. The

1

velocity ¢ d as the slope of the distance-time graph.
__ change indistance _ 2km—0km

< change in time  5min-0min

ii. Segment b (5 to 10 minutes):

This segment shows a constant distance (a flat line), meaning there is no movement
during this time. Therefore, the velocity is: v=10 km/min
iti. Segment ¢ (10 to 20 minutes):

This segment shows a decrease in distance, indicating the cyclist is moving back
towards the starting point. The velocity is negative since the cyclist is moving in the
opposite direction:

2
e 0.4 km/min

. change in distance Okm-—2km -2
=pecie 0.2 km/min

change in time 20min—10min 10
2.6 Is it possible that the velocity of an object is zero at an @@mﬁmm but its

acceleration is not zero? If yes, give an ewm@o 09102073
Ans: Yes, it is possible for the vglo : t zero at an instant, but its
acceleration is not zero. O

Example: When m upwards. At the highest point of its motion, the
velocity EW f. but the object still has acceleration due to gravity, acting
downward This shows that velocity and acceleration are independent and can have
different values at a given time.

—_— 5y e




(D) Comprehensive Questi

2.1 How a vector can be represen

graphically? Explam umzm ’7
See question Q.3 O

N
'Diffwgm&lveen 09102075
(i) rest'and motion

(ii) speed and velocity

See question Q.5 and Q.8

Describe different types of motion.
Also give examples. 910207

See question Q.6

Explain the difference between

distance and displacement.
09102077

Ans:

2.2

Ans:

23

Ans:
24

Ans:

:ents uf distance-time
and speed-time graph
represent? Explain it by drawing
diagrams. 09102078
Ans: See question Q.15 and Q.18
2.6 Prove that the area under speed-
time graph is equal to the distance
covered by an object. 0910207
Ans: See question Q.16
2.7 How equations of motion can be
applied to the bodies moving under
the action of gravity? 09102080
Ans: See question Q.18

l.

See question Q.7

2.1  Draw the representative lines nf
the following vectors: 19102081 (

(2) A velocity of 400
angle of 60° with

(b) A forc Eing an angle of
120° with x— axis.
Solution:(a) Scale: 1 cm = 100 ms™!
y i
.é
S
2
60°

"
L J

(b) Scale: 1 W{M {\\ﬁ\'%\\j{&

(E) Numerical P'rn:mblems6

i
e (58

t-Esa Vi.

W
2.2 A car is moving with an average
speed of 72 km h™'. How much time
will it take to cover a distance of 360

km? nmzusz
Given Data:
%QW'S 360 krn
ime=t=
Solution:

As we know that

=¢54%

Distance = speed x time

il e —— e ——_ i ——




50,
Time =  — Jdistance distance
speed T
_ 360 km 1&%3
72kmh" Q
t=5 hours \J\W
Result:

The car will take 5 hours to cover
360 km.
23 A truck start from rest. It
reaches a velocity of 90 kmh' in 50
seconds. Find its average acceleration.

(19102083
Given data:
itial velocity = v; = Oms!
T 1000
“nal velocity = ve= 90 kmh™! = 90x SE—DO
=25 ms’!
Time =t = 50 sec
To find: b
~verage acceleration = 7 ‘i
Solution: “@
e il W %
25
50
:=0.5 ms*
Result:

The average acceleration of the
ruck is 0.5 ms?.,
=4 Acar passes a green traffic signal
while moving with a velocity of 5 m s,

“anonz

Solution:

Weoul

M@

The velocity of car after 5 second
is 12.5 ms™,
2.5 A motorcycle initially travelling
at 18 l-r.m h' accelerates at constant rate
of 2 ms. How far will the motorcycle go
in 10 seconds? 09102085
Given data: =

Initial velocity = v; = 18 km h! = 1000

=18x ——
3600

= 5ms”!
Acceleratmn a=2ms?

S

: utmn
By using 2™ equation of motion

S=wt+ l:r1=l2
2

S =(5)(10) + %(2)(10)'1

S =50+ (1)(100)

S=150m

Result: The motor cycle travel 150 m in
10 sec.

2.6 A wagon is moving on the road
with a velocity of 54 km h'. Brakes are
applied suddenly. The wagon covers a

It then accelerates to 1.5 m s2. What is distance of 25m  before Stopping.
the velocity of car after 5 seconds? Determine  the a %E; nf e
09102084 o \o mmm

Given data: w

aitial velocity = v; =5 ms %
‘cceleration=a=1.5 ms?> %“m = vi = 54 kmh! =
Ime=t=S§ sec

Ia Find: W\J\J

~inal velocity = Vf— ? = 15ms

| — — T e ——— o —— _{ 55 } = = — S - ———




Distance = S = 25m

Final velocity = vi= 0 ms
To find:
Acceleration=a=?

By using 3™ equati
2as =v{ W
2(a)(25) = L0): = (152
(50)a =—225

225

50
a=-45ms?
Result:

The acceleration of the wagon is
~4.5ms™. (The negative sign indicates
deceleration)

2.7  Astone is dropped from a height
of 45m. How long will it take to reach
the ground? What will be its velocity

just before hitting the ground?
0910
Solution: O
Given data:
Height=h= 0
Gravitatio eration = g = 10 ms™
Initial velocity = v; = 0 ms™
To find:

(a) Time=t="?
(b) Final velocity = vg=7?

(a) For time.
By using 2™ equation of motion

h=vit+ -;-gtz

45 = (0)(0) + %{lﬂ}(t)‘"‘ '

e

CX@S

Aiig

otion

vi= 30 ms
Result:

Time to reach the ground in 3 sec and

velocity just before hitting the ground

is 30ms™. :
28 A car travel 10 km with an
average velocity of 20 ms”'. Then it
travels in the same direction through a
diversion at an average velocity of 4 ms™!
for the next 0.8 km. Determine the
average velocity of the car for the total
journey. 09102088

Solution:
g di = lUkm = lnﬁﬂl}m

Given data:
Average velocity = v; = 20 ms"!
Second part of the journey:
Distance = d2= 0.8 km = 800m
Average velocity = v = 4ms™

To find:

Average velocity of car for total journey =

VE.'I-’ =7

First of all we calculate the time for each

part of journey.
(a) Time for first part of journey
: ti:ﬂ: M_SO[} seconds
v 20
(b) Time for second part of journey

d, 3{)0
t'j = —=
45 = (5)(1)° s iﬁﬁﬂmnds
2 wet odlcudaty tance and total
5
£ =9 KN%( al distance = di + dz
akin squar oot o = 1000 + 800
\[_ = 10800m
t=3m Tﬂta]tin_le=t1+tz
(b) For final velocity: =500 + 200




= 700 seconds

So, Average velocity = Vyy = D Y
Vam msoa K&m\\ &
\'rﬂ'n'

Result:

The average wvelocity of total
journey is 15.4 ms™'.

2.9 A ball is dropped from the top of
a tower. The ball reaches the ground in
5 seconds. Find the height of the tower
and the velocity of the ball with which
strikes the ground. 019102089
Solution:

Given data:

Time to reach the ground =t =35 sec
Acceleration due to gravity = g = 10ms™

Initial velocity = Vi = Oms™
To find: i
(1)  Height of tower = %m
(2) Velocity o
strikes the
By using 2™ equatmn of motion
h=wvit+ % gt?'
h=(0)S) + 3 (10XS)*
h =(0) + (5)(25)
h = 5(25)
h=125m

Now, for finding “final velocity” we will
use 1* equation of motion:

V= vi+ gt

V= (0) + (10)(5)

Vi=0+50

V=50 ms™
Result:
(i)
(it)

" Height of tower is ﬁ%
ii Veloci which it
strikes the gr 15 50 ms™.

¢ 57 ¥

that it

._ ‘the air. An observer
it it took 3 seconds to reach the
ighest point. What was the initial
velocity of the ball? If the ball was hit
Im above the ground, how high did it
rise from the ground? 019102000
Solution:
Given data:
Time to reach maximum height =t = 3 sec
Velocity at maximum height = vi = 0 ms™
Acceleration due to gravity = -10 ms™
Height from which the ball is hit from the
ground = hs = Im
To find:

Initial velocity of ball =

Total he:ght from g:round hm;—

Now hy using 2“" equatiuu of motion
15
> gt

h=wvit+

h=(30)(3) + %(—lﬂ)(ﬂz

h=(90) - (5)X9)

h=90-45

h=45m
This is height from the paint where the ball
was hit. To find the total height from the
ground, we add the initial height h,
h + ho

hiotal =

=45+1

he “iniial velocity of the ball is
" and total height the ball reaches
from the ground is 46m




