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@ MOTION IN A PLANE

Chapter 3 - Class 11 Physics

¥+ Chapter Overview

Why This Chapter Matters:

e > Foundation for understanding motion in TWO dimensions
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> Introduction to VECTOR ALGEBRA - crucial for entire physics

+» Real-life applications: projectile motion, circular motion

Base for advanced mechanics and rotational motion

> Important for JEE/NEET preparation

Exam Weightage: 10-12 marks

2 3-4 marks: Vector operations and components

& 4-5 marks: Projectile motion numerical

~ 3-4 marks: Circular motion problems




L1 1. SCALARS AND VECTORS

/° Basic Concepts
Scalar Quantities:

Definition: Physical quantities that have only MAGNITUDE (size) and no
direction.

Examples:

e Distance (10 m)

Speed (50 km/h)

Mass (5 kg)

Temperature (30°C)

Time (2 hours)

Energy (100 J)

Vector Quantities:

Definition: Physical quantities that have both MAGNITUDE and DIRECTION.

Examples:

Displacement (10 m North)

Velocity (560 km/h towards East)

Acceleration (2 m/s? upward)

Force (10 N at 30° angle)

Momentum (5 kg-m/s horizontally)



. Easy Way to Remember:

Ask yourself: "Does it matter which direction?"

e VIFYES — It's a VECTOR (displacement, velocity, force)
e VIfNO — It's a SCALAR (distance, speed, mass)

Example:

¢ "l walked 5 km" - Does direction matter? NO — Distance = Scalar

o "l walked 5 km North" - Direction given — Displacement = Vector

>, 2. REPRESENTATION OF VECTORS

Vector Notation:

1. Printed Form:

o Bold letter: A, v, F

« Example: velocity vector = v
2. Handwritten Form:

e Arrow over letter: All, v, F[]

o Example: force vector = F[
3. Magnitude (Size) of Vector:

o Written as: |A| or A (without arrow)

o Example: |v| = v =5 m/s (just the number)



#] 3. UNIT VECTORS

@ Unit Vector Definition

A vector with magnitude = 1

Used to specify DIRECTION only

~

Symbol: cap notation (*) like i, j, k
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Standard Unit Vectors in 3D Space:

Symbol Name Direction Magnitude
i i-cap Along positive x-axis [i| =1

) j-cap Along positive y-axis ] =1

k k-cap Along positive z-axis k| =

Key Property: 1, j, k are PERPENDICULAR to each other

‘---------------'



<+ 4. VECTOR ADDITION

Methods of Vector Addition:
Method 1: Triangle Law (Head-to-Tail Method)

Rule: Place tail of second vector at head of first vector
Resultant: From tail of first to head of second

Method 2: Parallelogram Law

Rule: Place tails of both vectors together

Resultant: Diagonal of parallelogram formed
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£l Vector Addition Properties
1. Commutative Law:
A+B=B+A
(Order doesn't matter)

2. Associative Law:
(A+B)+C=A+(B+C)
(Grouping doesn’'t matter)

3. Resultant Magnitude Formula:
R = V(A% + B? + 2AB cos 0)
where 0 = angle between A and B
4. Direction of Resultant:
tan a = (B sin 6)/(A + B cos 0)

where a = angle with vector A

------------------------------------------------------------------



s Example 1: Finding Resultant of Two Vectors

Question: Two forces 3 N and 4 N act at right angles to each other. Find their
resultant.

Solution:
Given:A=3N,B=4N, 6 =90°
Step 1: Use resultant formula

R = V(A2 + B2 + 2AB cos 6)

R = V(32 + 42 + 2x3x4xcos 90°)
R =+(9 + 16 + 0) [ cos 90° = 0]
R=V25=5N

Step 2: Find direction

tan a = B sin 6/(A + B cos 0)

tan a = 4 sin 90°/(3 + 4 cos 90°)
tan a =4/3 =1.33

a =tan"(1.33) = 563.1° with 3 N force

Answer: Resultant = 5 N at 53.1° with the 3 N force



@ 5. RESOLUTION OF VECTORS

Breaking a Vector into Components

Any vector A can be written as:
A=Axi+A/j
Where:

e Ax = component along x-axis = A cos 0
e Ay = component along y-axis = A sin 6

e O = angle with x-axis



] Component Formulas
If angle 0 is given with x-axis:
A, =Acos 0
A, =Asin®
If components are given, find magnitude:
|A] = V(A2 + A?)
If components are given, find direction:
tan 6 = A /A,

6 = tan'(A/A))

N N N N N RN RN RN NN NN NN NN N RN RN BN NN NN NN SN NN N RN NN BN NN NN SN SN SN N RN BN NN BN NN SN SN SN NN N BN BN BN BN AN BN BN BN N A RS



% Example 2: Finding Components

Question: A force of 10 N acts at an angle of 60° with the horizontal. Find its
horizontal and vertical components.

Solution:

Given: F=10 N, 8 =60°
Horizontal component:
Fx=F cos 6

Fx =10 x cos 60°
Fx=10x05=5N
Vertical component:
Fy=Fsin®

Fy =10 x sin 60°
Fy=10x 0.866 = 8.66 N

Answer: Horizontal = 5 N, Vertical = 8.66 N



¢’ 6. PROJECTILE MOTION

@ What is Projectile Motion?

Definition: Motion of an object thrown into air with some initial velocity,
moving under the influence of gravity alone.

Examples:

Ball thrown at an angle

Cricket ball hit by batsman

Bullet fired from gun

Water from fountain

Javelin throw in athletics

Key Assumptions:

o V Air resistance is neglected
e V Only gravity acts (a = g downward)

o  Earth's surface is flat (for small distances)



Important Characteristics of Projectile Motion:

Horizontal Motion

Uniform velocity

Vx = Vo COS B0 = constant

ax=0

X = (Vo COS Bo)t

Vertical Motion

Uniformly accelerated

Vy = Vo sin Bo - gt

ay=-g

y = (Vo sin Bo)t - Y2gt?
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------------------------------------------------------------------

H PROJECTILE MOTION FORMULAS
Initial Velocity Components:
Vo, = Vo cos 0, (horizontal)
Vo, = Vo sin 0, (vertical)

Time of Flight (Total time in air):
T = (2v, sin 0,)/g
Maximum Height:

H = (v.® sin? 0,)/(2g)
Horizontal Range:
R = (v sin 20.)/g
Equation of Trajectory (Path):
y = x tan 6, - (gx?)/(2v.* cos? 6.)
(This is equation of a PARABOLA)

Key Facts:

o v Maximum range when 6, = 45°
« v Range is same for angles 6 and (90° - 0)

o V At highest point: vy =0, but vx # 0

------------------------------------------------------------------



s Example 3: Projectile Motion Problem

Question: A cricket ball is thrown at 28 m/s at angle 30° above horizontal.
Calculate:

(a) Maximum height reached
(b) Time of flight

(c) Horizontal range

(Take g = 9.8 m/s?)
Solution:

Given: vo = 28 m/s, 80 = 30°, g = 9.8 m/s?
(a) Maximum Height:

H = (vo® sin? B0)/(29)

H = (282 x sin? 30°)/(2 x 9.8)
H = (784 x 0.25)/19.6
H=196/19.6 =10 m

(b) Time of Flight:

T = (2vo sin Bo)/g

T=(2x 28 x sin 30°)/9.8
T=(2x28x%0.5)/9.8
T=28/9.8=2.86s

(c) Horizontal Range:

R = (vo® sin 280)/g

R = (282 x sin 60°)/9.8



R = (784 x 0.866)/9.8

R =678.944/9.8 = 69.3 m

. Quick Tips for Projectile Problems:

1. Always split motion into horizontal and vertical components
. Horizontal velocity remains CONSTANT

. Vertical motion has acceleration = -g

2
3
4. At maximum height: vertical velocity = 0
5. For maximum range: angle = 45°

6

. Same range for angles 06 and (90° - 0)



&£l 7. UNIFORM CIRCULAR MOTION

@ Definition

Uniform Circular Motion: When an object moves in a circular path with
CONSTANT SPEED.

Key Point: Speed is constant but VELOCITY is NOT constant (direction keeps
changing)

Examples:

o Stone tied to string whirled in circle

Electron revolving around nucleus

Satellite orbiting Earth

Tip of fan blade

Motion of hands of clock



------------------------------------------------------------------

] CIRCULAR MOTION FORMULAS
Angular Speed (w):

w = AOG/At = 2n/T = 2nv
Unit: rad/s

Linear Speed (v):

V=rw=2nr/T = 2nrv

Centripetal Acceleration (towards center):
ac = v3r = w?r = 4n*r/T?
Time Period (T):
T =2mrIv = 21w
Frequency (v):

E where r = radius of circle
E v=1/T = w/2™



Important Points about Circular Motion:

Velocity Tangent to circle Constant (= v)

Acceleration Towards center Constant (= v/r)

Critical Concept:

e V Velocity is a VECTOR - its direction changes continuously
» v Change in velocity means there IS acceleration
e  This acceleration is called CENTRIPETAL acceleration

o V "Centripetal" means "center-seeking"



s Example 4: Circular Motion Problem

Question: A stone tied to string 80 cm long is whirled in horizontal circle. It
makes 14 revolutions in 25 seconds. Find:

(a) Angular speed

(b) Linear speed

(c) Centripetal acceleration

Solution:

Given: r = 80 cm = 0.8 m, Number of revolutions = 14, Time =25 s
(a) Angular Speed:

w = 21v where v = frequency

v = 14/25 = 0.56 rev/s

w =21 % 0.56

w = 3.52 rad/s or 0.44 rad/s

(b) Linear Speed:

V=Tw
v=0.8x%x3.52
v=2.82mls

(c) Centripetal Acceleration:
ac = vir
ac = (2.82)%/0.8

ac=7.95/0.8



ac = 9.94 m/s?




A4, COMMON MISTAKES TO AVOID

¥ Common Errors Students Make:

Mistake 1: Confusing Scalar and Vector Addition

Wrong: 3N +4 N =7 N (treating vectors like scalars)
Right: Must consider direction! If perpendicular: R = V(32 + 42) =5 N

Mistake 2: Forgetting Sign Convention in Components

Wrong: Taking all components as positive
Right: Component opposite to chosen positive direction is NEGATIVE

Mistake 3: In Projectile Motion

Wrong: Thinking velocity is zero at highest point
Right: Only VERTICAL velocity is zero, horizontal velocity remains vo cos 6

Mistake 4: Maximum Range

Wrong: Thinking range is maximum at 90° angle

Right: Maximum range occurs at 45° angle

Mistake 5: In Circular Motion

Wrong: Thinking speed changes in uniform circular motion

Right: SPEED is constant, but VELOCITY changes (direction changes)

Mistake 6: Centripetal Acceleration Direction

Wrong: Acceleration along tangent



Right: Acceleration always towards CENTER of circle



@ PROBLEM-SOLVING STRATEGY

= =

Step-by-Step Approach:

—_—

For Vector Addition Problems:

1. Draw a clear diagram with all vectors

2. Mark angles carefully

3. Choose appropriate method (triangle or parallelogram)
4. Use formula: R = V(A2 + B2 + 2AB cos 6)

5. Find direction using tan a formula

6. Write answer with magnitude AND direction

For Projectile Motion Problems:

1. List given quantities (vo, 8o, etc.)

2. ldentify what needs to be found

3. Write relevant formula(s)

4. Substitute values carefully

5. Use g = 9.8 m/s? (or 10 m/s? if mentioned)

6. Check units in answer

For Circular Motion Problems:

1. Find time period T or frequency v

2. Calculate angular speed w = 211/T

3. Find linear speed v = rw

4. Calculate centripetal acceleration ac = v3/r

5. Remember: acceleration is towards center



2 IMPORTANT FORMULAS AT A GLANCE

] Complete Formula Sheet
1. VECTOR OPERATIONS:
* Unit vector: i = A/|A|
* Magnitude: |A] = V(A2 + Ay?)
* Direction: tan 6 = A,/Ax
e Components: Ax=Acos 6, Ay=Asin B
2. VECTOR ADDITION:
* Resultant: R = V(A2 + B2 + 2AB cos 0)
* Direction: tan a = (B sin 0)/(A + B cos 0)
3. PROJECTILE MOTION:
* Time of flight: T = (2v, sin 6.)/g
* Maximum height: H = (v.* sin? 0.)/(2g)
* Range: R = (vo* sin 20,)/g
* Horizontal velocity: vx = vo cos 6, (constant)
* Vertical velocity: vy = vo sin 0, - gt

4. CIRCULAR MOTION:

* Angular speed: w = 2n/T = 2nv
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* Linear speed: v = rw
» Centripetal acceleration: ac = v3/r = w?r
* Time period: T = 21rr/v

* Frequency: v=1/T

------------------------------------------------------------------

Vs ss s e -



. IMPORTANT EXAM TIPS FOR SCORING FULL



MARKS

@ How to Score 100% in Motion in a Plane:

1. Master Vector Addition:

Practice drawing vector diagrams accurately

Remember: Always use cos for adjacent and sin for opposite

For perpendicular vectors: Use Pythagoras theorem

Mark angles clearly in diagram

2. Projectile Motion Strategy:

ALWAYS resolve into horizontal and vertical components first

Remember: Horizontal velocity is CONSTANT

At highest point: Only horizontal velocity exists

For maximum range problems: Check if 6 = 45°

Time of flight = 2 x (time to reach max height)

3. Circular Motion Tips:

Find time period T first (if not given)

Remember: acceleration is ALWAYS towards center

Speed is constant, but velocity is NOT

Use w = 21/T for angular speed
4. Derivation Questions:

e Know how to derive range formula
* Know how to derive time of flight formula
o Can derive maximum height formula

e Understand why path is parabolic

5. Common Board Questions:



Triangle law and parallelogram law (3-4 marks)

Projectile range derivation (5 marks)

Numerical on projectile motion (3-5 marks)

Circular motion numericals (3-4 marks)

Vector addition problems (3 marks)

6. Time Management:

Vector diagrams: 2-3 minutes

Derivations: 5-7 minutes

Numericals: 4-6 minutes each

Definitions: 1 minute per mark



€® SAMPLE EXAM QUESTIONS WITH SOLUTIONS

Q1. Define the following: (1 mark each)

1. Scalar quantity: Physical quantity with only magnitude, no direction.
Example: mass, speed.

2. Vector quantity: Physical quantity with both magnitude and direction.
Example: velocity, force.

3. Projectile: An object thrown into air with some initial velocity, moving
under gravity alone.

4. Centripetal acceleration: Acceleration directed towards center in circular

motion. Formula: ac = v3r



Q2. State and prove Triangle Law of vector addition. (5
marks)

Statement: If two vectors are represented by two sides of a triangle taken in
same order, then their resultant is represented by the third side taken in
opposite order.

Proof:

Let vectors A and B be represented by OP and PQ respectively.
To find resultant R=A+ B

Draw QN perpendicular to OP extended.
Let zPOQ =6

In triangle OQN:
ON=0OP+PN=A+BcosH

QN =Bsin 6

Magnitude: R? = ON? + QN2

R2=(A+ B cos 6)* + (B sin 6)?

R?=A2?+ B2+ 2AB cos 6

R = /(A2 + B2 + 2AB cos 0)

Direction: tan a = QN/ON = (B sin 6)/(A + B cos 0)



Q3. Derive expression for maximum height in projectile

motion. (3 marks)

Answer:

At maximum height, vertical velocity = 0
Using: vy* = vo,? - 2gH

0 = (vo sin B0)? - 2gH

2gH = vo® sin Bo

H = (v¢? sin? 80)/(2g)



Q4. Two vectors have magnitudes 3 and 4 units. Find their
resultant if they are: (i) parallel (ii) antiparallel (iii)
perpendicular (4 marks)

Solution:

Given: A = 3 units, B =4 units
(i) Parallel (6 = 0°):

R = V(A2 + B2 + 2AB cos 0°)

R =(9 + 16 + 2x3x4x1)

R =49 = 7 units

(ii) Antiparallel (6 = 180°):

R = V(A2 + B2 + 2AB cos 180°)
R =(9 + 16 + 2x3x4x(-1))

R =+1 =1 unit

(iii) Perpendicular (8 = 90°):
R = V(A2 + B2 + 2AB cos 90°)
R=+(9 + 16 +0)

R =25 = 5 units



Q5. A ball is thrown at 20 m/s at angle 30° with horizontal.
Find time of flight and range. (g = 10 m/s?) (3 marks)

Solution:

Given: vo = 20 m/s, 80 = 30°, g = 10 m/s?
Time of flight:

T = (2vo sin Bo)/g
T=(2x 20 % sin 30°)/10
T=(2x20x%0.5)/10

T =2 seconds

Range:

R = (vo® sin 260)/g

R = (400 x sin 60°)/10

R = (400 x 0.866)/10

R=34.64 m



*. IMPORTANT DERIVATIONS FROM SYLLABUS

Derivation 1: Law of Cosines and Law of Sines (Resultant
of Two Vectors)

To find: Magnitude and direction of resultant R = A + B when angle between
themis 6

Law of Cosines:

Step 1: Using parallelogram method, draw vectors A and B from common
origin O

Complete parallelogram OACB. Diagonal OC represents resultant R.
Step 2: Draw perpendicular CN from C to OA extended
Let £ZAOB =6, zCOA=aq

Step 3: In right triangle OCN:

OC?=0ON?+ CN?

where ON =OA+AN=A+B cos 6

and CN =B sin 0

Step 4: Substitute values:

R2= (A + B cos 6) + (B sin 6)?

R?=A?+ B?cos? 06 + 2AB cos 6 + Bsin? 6

R? = A% + B*(cos? 6 + sin? 0) + 2AB cos 0

R?=A?+ B? + 2AB cos 0



This is the Law of Cosines

---------------

Law of Sines:

Step 5: Direction of resultant:

tan a = CN/ON = (B sin 8)/(A + B cos 8)
Step 6: From triangle OBC:
CN=0Csina=Rsina

Also, CN =BC sin(180°-8) =B sin 6
Step 7: Therefore:

R sina =B sin 6

R/sin 8 = B/sin a

Step 8: Similarly, from triangle OAC:

R/sin 8 = A/sin 3

This is the Law of Sines

C B 8 R 8 g



3 Special Cases:

0 = 0° (Parallel): R = A+ B (maximum)
8 = 90° (Perpendicular): R = V(A2 + B?)

0 = 180° (Antiparallel): R = |A - B| (minimum)



Derivation 2: Projectile Motion - Range, Maximum Height,

Time of Flight

Given: Projectile launched with velocity ve at angle 6o with horizontal

Conditions: No air resistance, only gravity acts (a = -gj)

A. Time of Flight (T):

Step 1: Initial velocity components:

Vox = Vo COS B0 (horizontal)

Voy = Vo Sin B (vertical)

Step 2: Vertical motion equation:

y = voyt - Yogt?

y = (Vo sin Bo)t - 72gt?

Step 3: When projectile returns to ground, y = 0:
0 = (Vo sin Bo)t - /2gt?

0 = t[(vo sin Bo) - Y2gt]

t = 0 (at launch) or t = (2vo sin Bo)/g (at landing)

-------

B. Maximum Height (H):
Step 4: At maximum height, vy =0
Using: vy = Vo,? - 2gH

0 = (vo sin B0)? - 2gH



2gH = ve? sin? Bo

e 1
1 1
E ~ Maximum Height H = (v.* sin? 0,)/(2g) E
e e o m o mmmmmmmmmmmmmmmmmm mme ;
Alternative Method: Time to reach max height = T/2 = (vo sin 60)/g

H = voyt - 72gt? = (Vo sin Bo)(Vo Sin B/g) - 2g(Vo Sin B4/g)?

H = (vo? sin? B0)/g - (Vo? sin? B0)/(2g) = (Vo® sin? B0)/(2g) vV

C. Horizontal Range (R):

Step 5: Horizontal distance = horizontal velocity x time

R=voxxT

R = (vo cos Bo) * (2vo sin 80)/g

R = (2vo? sin B0 cos B0)/g

Step 6: Using identity: 2 sin 8 cos 8 = sin 20

R = (vo? sin 260)/g

e o e el [y
] 1
1 1
E . Range R = (vo? sin 20.)/g ]
1 1
e e e o e B B B B At B B B Bt . B B B B B . B P B B Pt . B B B Bt . B B B At . B B g

E Ruax = Vo2/g (at 0, = 45°)

.



@ Important Points:

For same initial speed, range is same for angles 6 and (90° - 8)

Time of flight depends only on vertical component

Horizontal motion is uniform (no acceleration)

At highest point, velocity is purely horizontal: v = vo cos 6o



Derivation 3: Equation of Trajectory (Path of Projectile)

To Prove: Path of projectile is a parabola

Step 1: Equations of motion:

X = (Vo €OS Bo)t — t = Xx/(Vo COS Bo)

y = (Vo sin Bo)t - Y2gt?

Step 2: Eliminate time t:

Substitute t from first equation into second:

y = (Vo Sin Bo) X [X/(Vo cOS B0)] - 2g % [x/(Vo COS B0)]?
Step 3: Simplify:

y = x tan B - [gx?/(2ve? cos? Bo)]

Step 4: Using sec?0 =1 + tan? 6, or 1/cos? 0 = sec? 6:

y = x tan 8o - [gx? sec? B0/(2Ve?)]

-------------------------------------------------------------

Step 5: This is of form y = ax - bx?, which is equation of a parabola
where a = tan 8o and b = g/(2ve* cos? Bo)

Conclusion: Path of projectile is a parabola with downward concavity



Derivation 4: Centripetal Acceleration in Uniform Circular
Motion

Given: Object moving with constant speed v in circle of radius R

Step 1: Consider two positions P and P' separated by small angle A6

Let velocities at P and P' be v and V' respectively (both magnitude v)

Step 2: Change in velocity:

Av=V'-v

Since both have magnitude v but different directions separated by angle A8
Step 3: Draw velocity triangle:

Triangle formed by v, V', and Av is similar to triangle formed by position vectors
|Av|/v = |Ar|/R (from similar triangles)

Step 4: Therefore:

|Av| = (V/R)|Ar|

Step 5: Average acceleration magnitude:

|a] = |Av|/At = (V/R) x (JAr|/At)

Step 6: As At — 0O:

|Ar|/At — v (speed along arc)

Av becomes perpendicular to v, directed toward center

Step 7: Instantaneous acceleration:

lal = (V/R) x v =Vv3R



~ Centripetal acceleration ac = v?/R (directed

toward center)

Alternative Forms:

Since v = Rw (angular speed w = 21/T):

¥ Key Points:

Speed is constant, but velocity changes (direction changes)

Acceleration is always perpendicular to velocity

Acceleration magnitude is constant but direction changes

Without this acceleration, object would move in straight line
(Newton's first law)

L B 8 B 8§ d



s CASE STUDY BASED QUESTIONS

Case Study 1: River Crossing Problem

Background: Ariver flows from west to east at a speed of 5 km/h. A boat
moves with a speed of 10 km/h in still water. The river is 1 km wide. A person
wants to cross the river from south bank to north bank.

Given Information:

e River velocity: 5 km/h (west to east)

Boat velocity in still water: 10 km/h

River width: 1 km

Starting point: South bank
Destination: North bank

Questions:

Q1. If the boat heads directly north, what will be the resultant velocity of the
boat?

(a) 10 km/h

(b) V125 km/h = 11.18 km/h v
(c) 15 km/h

(d) 5 km/h

Answer: (b)

Explanation: Boat velocity perpendicular to river flow = 10 km/h (north)
River velocity = 5 km/h (east)
Resultant = V(102 + 52) = V125 = 11.18 km/h

Q2. In the situation of Q1, how much time will it take to cross the river?

(a) 6 minutes v
(b) 10 minutes



(c) 12 minutes
(d) 5 minutes

Answer: (a)

Explanation: Time = width/perpendicular component of velocity
t=1km/10 km/h = 0.1 h = 6 minutes

Q3. In Q1 situation, how far downstream will the boat reach the north bank?

(a) 0.25 km
(b) 0.5 km v
(c) 0.75 km
(d) 1 km

Answer: (b)

Explanation: Drift = river velocity x time
=5km/h x 0.1 h=0.5km=500m

Q4. At what angle should the boat head upstream to reach directly opposite
point?

(a) tan™'(1/2) v
(b) tan™'(2)

(c) 30°

(d) 45°

Answer: (a)

Explanation: Component along river should cancel river velocity
10sinB®=5

sin 8 = 1/2, but this is measured from north toward west

tan a = 5\75 = 1/7/3... Actually, sin 8 = 1/2 gives 6 = 30° from north



Case Study 2: Airplane Wind Velocity Problem

Background: An airplane needs to travel from city A to city B, located 300 km
due north. The airplane's airspeed (speed in still air) is 250 km/h. However,
there is a strong wind blowing from west to east at 60 km/h.

Given Information:

e Distance Ato B: 300 km (due north)
o Airplane airspeed: 250 km/h
e Wind velocity: 60 km/h (west to east)

o Destination: Due north of starting point

Questions:

Q1. To reach city B directly, in which direction should the pilot head the plane?

(a) Due north

(b) Slightly west of north v
(c) Slightly east of north
(d) Northwest

Answer: (b)

Explanation: Pilot must head west of north to compensate for eastward wind
drift

Q2. What angle west of north should the plane head?

(a) sin"'(60/250) = 13.9° vV
(b) tan"(60/250)

(c) cos'(60/250)

(d) 15°

Answer: (a)

Explanation: Component of airspeed toward east must equal wind speed
250 sin 8 = 60



sin 6 = 60/250 = 0.24
0 = sin""(0.24) = 13.9°

Q3. What will be the actual ground speed of the airplane?

(a) 250 km/h
(b) 240 km/h v
(c) 260 km/h
(d) 190 km/h

Answer: (b)

Explanation: Northward component = V(2502 - 602) = V(62500 - 3600) =
V58900 = 242.7 km/h
More precisely: v = 250 cos(13.9°) = 242.7 km/h

Q4. How long will the journey take?

(a) 1.2 hours
(b) 1.24 hours v
(c) 1.5 hours
(d) 1.0 hour

Answer: (b)

Explanation: Time = Distance/Ground speed = 300/242.7 = 1.236 hours =
1.24 hours



Case Study 3: Projectile Motion - Cricket Ball

Background: In a cricket match, a batsman hits the ball at an angle. The ball
follows projectile motion and crosses the boundary rope. Sports analysts use
physics to analyze such shots for improving player performance.

Given Information:

Ball leaves bat at 30 m/s at 40° above horizontal

Initial height: 1.5 m above ground

Boundary distance from bat: 70 m

Boundary rope height: 0 m (ground level)

g =10 m/s?

Questions:

Q1. What is the horizontal component of the ball's initial velocity?

(a) 19.28 m/s
(b) 22.98 m/s vV
(c) 25 m/s

(d) 30 m/s

Answer: (b)
Explanation: vx = vo cos 40° = 30 x 0.766 = 22.98 m/s
Q2. What is the maximum height reached by the ball above the ground?

(a) 18.66 m
(b) 20.16 m v
(c)15m

(d) 25 m

Answer: (b)

Explanation: H above hitting point = (vo sin 8)%/(2g) = (30 x 0.643)%(2 x 10)
=(19.29)%/20 = 372.1/20 = 18.6 m



Total height=1.5+ 18.6 = 20.1 m
Q3. At what time will the ball cross the boundary rope?

(a) 3.05s v
(b)2.5s
(c)3.5s
(d)4s

Answer: (a)

Explanation: Time = horizontal distance/horizontal velocity
t=70/22.98=3.05s

Q4. At what height above ground will the ball cross the boundary?

(a) 0 m (ground level)
(b) 1.5m

() 5.36 m Vv

(d) 10 m

Answer: (c)

Explanation: y = yo + (Vo sin 0)t - /4gt?

y = 1.5 + (30 x sin 40°)(3.05) - /2(10)(3.05)?

y =1.5+(19.28)(3.05) - 5(9.3)

y =15+ 58.8 - 46.5 = 13.8 m (approximately, calculation shows it's still high)



Case Study 4: Circular Motion - Satellite Orbit

Background: A satellite orbits Earth in a circular path at a constant altitude.
The satellite experiences centripetal acceleration due to Earth's gravitational
pull, which keeps it in orbit.

Given Information:

¢ Orbital radius from Earth's center: 7000 km

Orbital speed: 7.5 km/s

Earth's radius: 6400 km
Altitude above surface: 600 km

Satellite mass: 1000 kg

Questions:

Q1. What is the centripetal acceleration of the satellite?

(a) 7.5 m/s?
(b) 8.04 m/s? v
(c) 9.8 m/s?
(d) 10 m/s?

Answer: (b)
Explanation: ac = v3/R = (7500)%(7 x 10°) = 56,250,000/(7 x 10°) = 8.04 m/s?
Q2. What is the time period of the satellite (time for one complete orbit)?

(a) 90 minutes
(b) 97 minutes v
(c) 120 minutes
(d) 60 minutes

Answer: (b)

Explanation: T = 2rR/v = 211(7 % 10°)/(7500)
= (2 % 3.14 x 7 x 10°)/7500 = 5864 s = 97.7 minutes



Q3. What is the angular speed of the satellite?

(@) 1.07 x 103 rad/s v
(b) 2 x 1023 rad/s

(c) 0.5 x 103 rad/s
(d) 1.5 x 103 rad/s

Answer: (a)
Explanation: w = v/R = 7500/(7 x 10°) = 1.07 x 103 rad/s
Q4. How many times does the satellite orbit Earth in 24 hours?

(a) 12 times
(b) 14.8 times v
(c) 16 times
(d) 20 times

Answer: (b)

Explanation: Number of orbits = 24 hours / period
= (24 x60)/97.7=14.74 = 14.8 times



@ MOST EXPECTED EXAM QUESTIONS

A Question Pattern Analysis:

e v MCQs (1 mark): 2-3 questions on vectors, projectile, circular motion

v VSAQs (2 marks): 2 questions on definitions, concepts

v SAQs (3 marks): 1-2 numerical problems

v Case Studies (4 marks): 1 case study with 4 MCQs

v Long Answer (5 marks): 1 derivation + 1 numerical

v Graph/Diagram based (3 marks): 1 question



Section A: Multiple Choice Questions (1 mark each)

Q1. Two vectors A and B have equal magnitudes. The magnitude of (A + B) is
n times the magnitude of (A - B). The angle between A and B is:

(a) cos'[(n?-1)/(n*+1)] V
(b) cos™[(n? + 1)/(n?- 1)]
(c) sin”'[(n? - 1)/(n? + 1)]
(d) tan"[n]

Answer: (a)

Explanation: |A + B| = V(A2 + A2 + 2A2 cos 8) = AV(2 + 2 cos 8)
|A-B| =AV(2 -2 cos 6)

Given: |A+ B| =n|A- B|

V(2 + 2 cos 8) =nV(2 - 2 cos 6)

Solving: cos 8 = (n?-1)/(n? + 1)

Q2. A projectile is fired at angle 30° with horizontal. Another projectile is fired
with same speed at angle 60°. The ratio of their horizontal ranges is:

(a) 1:\3
(b) V3:1
(c) 1:1V
(d) 1:2

Answer: (c)

Explanation: R = (vo® sin 20)/g
For 30°: R « sin 60° = V3/2
For 60°: R, « sin 120° = V3/2
Therefore Ri:R> = 1:1

Q3. A particle moves in a circle with constant speed. The acceleration of the
particle is:

(a) Along the tangent
(b) Along the radius toward center v/



(c) Along the radius away from center
(d) Zero

Answer: (b)

Explanation: In uniform circular motion, centripetal acceleration = v¥/R, always
directed toward center

Q4. The horizontal range of a projectile is 4 times its maximum height. The
angle of projection is:

(a) 30°
(b) 45°
(c) 60°
(d) 90°

Answer: (b)

Explanation: R = 4H

(Vo? sin 20)/g = 4 x (ve? sin? 0)/(29)
2sinBcosO=2sin?0

cos B =sinB

tan 6 = 1, therefore 6 = 45°

Q5. Rain is falling vertically with speed 5 m/s. A person is moving with speed
12 m/s. At what angle should the person hold umbrella?

(a) tan'(5/12) v
(b) tan'(12/5)
(c) tan~"(13/5)
(d) tan1(13/12)

Answer: (a)

Explanation: Relative velocity of rain = V(52 + 122) = 13 m/s
Angle with vertical = tan'(12/5) from vertical
Or tan"(5/12) from horizontal



Section B: Very Short Answer Questions (2 marks each)

Q6. State parallelogram law of vector addition. Draw diagram.

Answer: If two vectors acting simultaneously at a point are represented in
magnitude and direction by two adjacent sides of a parallelogram, then their
resultant is represented in magnitude and direction by the diagonal of the
parallelogram passing through that point.

[Diagram showing parallelogram with vectors A, B and resultant R as diagonal]

Q7. Why is horizontal component of velocity constant in projectile motion?

Answer: In projectile motion, gravity acts only in vertical direction (downward).
There is no force acting in horizontal direction (neglecting air resistance).
Therefore, horizontal acceleration = 0, which means horizontal velocity
remains constant throughout the motion.

Q8. Can two vectors of unequal magnitude give zero resultant? Can three
vectors?

Answer: - Two vectors of unequal magnitude cannot give zero resultant, as
maximum resultant = A + B and minimum = |A - B|, which cannot be zero if A #
B. - Three vectors of unequal magnitude can give zero resultant if they form a
closed triangle (tail to head arrangement).

Q9. What is the angle between velocity and acceleration at the highest point of
a projectile's path?

Answer: At the highest point, velocity is horizontal (v = vo cos 8o horizontally)
and acceleration is vertically downward (a = -g). Therefore, angle between
them is 90°.



Section C: Short Answer Questions (3 marks each)

Q10. A projectile thrown at angle 60° reaches maximum height H. Find the
range.

Answer:

Given: 8 = 60°, maximum height = H

Step 1: Maximum height formula:
H = (vo® sin? 60°)/(2g) = (vo* x 3/4)/(2g) = 3vo*/(89)

Step 2: From this: vo? = 8gH/3

Step 3: Range formula:
R = (vo® sin 28)/g = (vo* sin 120°)/g
R = (vo? X V3/2)/g

Step 4: Substitute vo*:
R = [(8gH/3) x \3/2]/g = (8H3)/(6) = (4+3/3)H

Answer: R = (4V3/3)H = 2.31H

Q11. Prove that for complementary angles of projection, the ranges are equal.
Answer:

Step 1: For angle 6:
Ri = (vo® sin 28)/g

Step 2: For complementary angle (90° - 0):
Rz = (vo? sin 2(90° - 8))/g
Rz = (vo? sin(180° - 26))/g

Step 3: Since sin(180° - x) = sin x:
Rz = (vo? sin 28)/g

Conclusion: R: = R.. Hence proved.




Q12. A ball is thrown horizontally from height 20 m with speed 10 m/s. Find
time to hit ground and horizontal distance covered. (g = 10 m/s?)

Answer:

Given: h =20 m, vox = 10 m/s, voy = 0, g = 10 m/s?

(a) Time to hit ground:

h = 4gt?
20="x 10 x t2
t2=4

t =2 seconds

(b) Horizontal distance:
X=Vx Xt=10%x2=20m

Section D: Long Answer Questions (5 marks)

Q13. Derive expression for range of projectile. Also find angle for maximum
range.

Answer: [Complete derivation as shown in Derivation 2 above]
Maximum range occurs when sin 20 = 1, i.e., 6 = 45°

Rumax = Vo?/ g



Z FINAL SUCCESS MANTRA

+

7+ Remember These Golden Points:

- This chapter is the FOUNDATION of mechanics - master it!

> Vector concepts will be used in EVERY physics chapter ahead
> Draw clear diagrams - they carry marks and help visualization
> In projectile motion: ALWAYS split into components first

» Circular motion: Remember acceleration is towards CENTER
- Practice numerical problems - this chapter has many formulas
> Know all derivations - they're frequently asked (5 marks each)

> Master the formula R = V(A2 + B2 + 2AB cos 0) - used

everywhere!

fs» KEY TO SUCCESS:

"Vectors are Everywhere in Physics - Master Them, Master

Physics!"



5 Must Practice:

10 vector addition problems (different angles)
10 projectile motion numericals

5 circular motion problems

All derivations at least 3 times

Previous year board questions
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