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Part – 1: Scalars, Vectors and Introduction to Motion in 
Two Dimensions 

Learning Objectives 
इस                    आप: 

 Plane Motion            समझ स       

 Scalar     Vector         म           स       

 Vector                 समझ स       

 Position Vector     Displacement Vector                 

 Vector Representation स        

 

1. Introduction 
 प         म   म        एक           (One Dimension) म                       

            म                            म    म               

उ     : 

     म  उ    प    

               

     म            

 आ    म  उ      म    

 स   प  म      ई      

इ  स          Plane Motion (Two Dimensional Motion)            

 

2. Plane Motion 
Definition 

     ई           सम   (Plane) म     प                (x     y) म             ,    उस  

Motion in a Plane          

Examples 
 Projectile Motion  

 Circular Motion  

 Boat Crossing a River  

 Motion of an Aeroplane  

 

3. Scalar Quantities 
Definition 

                    म              (Magnitude)        ,      (Direction)          , उ   

Scalar Quantities          

Examples 
 Distance  

 Speed  

 Time  



Class 11 Physics-Ch 3: Motion in a Plane 
 

Prepared By Er. Birendra Pratap Singh Page 2 
 

 Mass  

 Temperature  

 Energy  

 Work  

 Power  

 Density  

 Volume  

 
Characteristics 

      Magnitude           

 स              (Algebra) स             ई           

           ई म               

 

4. Vector Quantities 
Definition 

                    म         (Magnitude)          (Direction)              , उ   Vector 

Quantities          

Examples 
 Displacement  

 Velocity  

 Acceleration  

 Force  

 Momentum  

 Weight  

 Electric Field  

 Magnetic Field  

 
Characteristics 

 Magnitude     Direction                 

 Vector Algebra       म                

 Arrow (→)                           

 

5. Difference Between Scalar and Vector 
Scalar Quantity Vector Quantity 

Only magnitude Magnitude and direction 

Added by ordinary algebra Added by vector algebra 

Represented by a number Represented by an arrow 

Direction is not required Direction is essential 

 

6. Representation of a Vector 
  स  Vector       Arrow                      

 Arrow    Length → Magnitude  

 Arrow Head → Direction  
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      स  Vector      म A   ,    उस  

A  

स                  

    उस   Magnitude         : 

 or A A∣ ∣  

  

 

7. Equal Vectors 
   Vectors सम                : 

 उ    Magnitude सम        

 उ    Direction सम        

 

8. Negative Vectors 
       Vectors    Magnitude सम            Directions   प       ,       Negative Vectors 

           

उ     : 

A B   

 

9. Zero (Null) Vector 
  स Vector    Magnitude       , उस  Zero Vector          

0  

         : 
 Magnitude = 0  

 Direction        (Undefined)  

 

10. Unit Vector 
  स Vector    Magnitude 1   , उस  Unit Vector          

      स  Vector 

   Unit Vector           , 

ˆ A
A

A

∣ ∣

 

Unit Vector                     

 

11. Standard Unit Vectors 
Cartesian Co-ordinate System म : 
Along X-axis 

î  
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Along Y-axis 

ĵ  

Along Z-axis 

k̂  

इ           Magnitude: 

| ̆|  | ̂|  | ̂|    

 

12. Position Vector 
Origin स    स                     Vector Position Vector            

      स           Coordinates   : (x,  y),    उस   Position Vector     : 

ˆ ˆr xi yj   

 

13. Displacement Vector 
      ई           A स  B           ,    

2 1Displacement r r   

  

    , 

  ⃗ = Initial Position Vector  

  ⃗  = Final Position Vector  

 

14. Important Solved Example 
Example 
A particle moves from (2,3) to (8,7). Find its displacement vector. 

Solution 
Initial Position:  ⃗    ̂    ̂ 
Final Position:  ⃗    ̂    ̂ 
Therefore, 

 ⃗   ⃗   ⃗  (  ̂    ̂)  (  ̂    ̂)    ̂     ̂

 

15. Important Points to Remember 
⭐ Scalar quantities obey ordinary algebra. 

⭐ Vector quantities obey vector algebra. 

⭐ Unit Vector has magnitude 1 only. 

⭐ Position Vector always starts from the Origin. 

⭐ Displacement Vector is independent of the actual path. 
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16. Representation of Vectors (Addition, Position, Displacement etc.) 
 

 

 

 

 

 

 

 

 

 

 

17. Exam Tips (★★★★★) 
⭐  म               Distance Scalar         Displacement Vector     

⭐ Velocity, Acceleration, Force औ  Momentum स   Vector Quantities     

⭐ Unit Vector    Magnitude      1        ;                        

⭐ Position Vector    Origin स                    
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Part – 2: Addition, Subtraction and Product of two Vectors 

Learning Objectives 
इस                    आप: 

 Vectors    Addition     Subtraction    समझ स       

 Triangle Law     Parallelogram Law            स       

 Resultant Vector    Magnitude     Direction        स       

 Vector Resolution    आ         समझ स       

 CBSE, NEET     JEE                स       

 

1. Addition of Vectors 
            स       Vectors                 Vector                 ,    उस  Resultant 

Vector               ⃗ and  ⃗⃗    Vectors   ,    उ       : 

R A B   

 

 

2. Triangle Law of Vector Addition 
Statement 

       Vectors     म                           (Head-to-Tail)                ,    उ    

               स                             

 

Construction 
1. प     ⃗    इ    

2.  ⃗⃗    Tail,  ⃗    Head प         

3.  ⃗    Tail स   ⃗⃗    Head              Vector Resultant        

 

3. Parallelogram Law of Vector Addition 
Statement 

       Vectors   स  सम         स            सम                   स                          , 

   उ        उस       स                  (Diagonal)       

 

4. Magnitude of Resultant Vector 
       Vectors  ⃗      ⃗⃗                ,    Resultant    Magnitude: 

  √              
  

 

5. Special Cases 
(i) Same Direction (    ) 
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(ii) Opposite Direction (      ) 
      

 

(iii) Perpendicular Vectors (     ) 

  √      

 

6. Direction of Resultant 
       Vectors            θ   ,    Resultant       ⃗    स                 ϕ: 

     
     

       
 

 

7. Subtraction of Vectors 
Vector Subtraction    Negative Vector                     

( )A B A B     

 

8. Resolution of a Vector 
  स  Vector       प         Components म               Resolution of Vector        

    

    Vector A, X-axis स  θ             ,    
Horizontal Component: 

cosxA A   

 Vertical Component: 

sinyA A   

  

 

9. Rectangular Components 
  स  Vector            स      : 

ˆ ˆ
x yA A i A j   

    , 

                      

 

10. Magnitude from Components 
    Components        : 

2 2

x yA A A   
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11. Direction from Components 

tan
y

x

A

A
   

 

12. Solved Example – 1 
   Vectors    Magnitudes: A= 6 and B = 8  औ        प             

Resultant            

Solution 

  √      √      √      √       
  

 

13. Solved Example – 2 
   force vector (  )    Magnitude 20 N           X-axis स                       

Components            

Solution 
Horizontal Component: 

         
     

√ 

 
   √    

Vertical Component: 

         
     

 

 
      

 

14. Important Conceptual Questions 

Q1.             Magnitude      Vectors क  Resultant         क     ? 

Answer:       Resultant                       Vectors    Magnitude सम       Directions 

  प         

 

Q2.       Vectors क  Resultant  क   एक Vector क            क     ? 

Answer:    ,       प           म   

 
15. Diagram showing the subtraction, resolution and addition of two vectors 
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15. Solved Numerical Based on Vectors:  
1. For what angle between  ⃗ and  ⃗⃗, | ⃗   ⃗⃗|  | ⃗   ⃗⃗|? 

Solution:  

Let the angle be   between  ⃗ and  ⃗⃗. 

Since, 

| ⃗   ⃗⃗|  | ⃗   ⃗⃗|    √              √              

Or,  

                             

          

2. Find the magnitude and direction cosines of the vector:  ⃗    ̂    ̂    ̂ 

Solution:  

Magnitude of vector A: 

| ⃗|    √( )  (  )  ( )  √         √  

     √  

Cosines of vector A: 

Since, the given vector A can be written as: 

 ⃗     ̂     ̂     ̂ 

Here,  

                  

Now, the angles made by  ⃗ from x-axis, y-axis and z-axis are as: 

      
  
 
        

  

 
        

  
 

 

Hence,  

      
 

 √ 
       

  

 √ 
       

 

 √ 
 

3. Resolve a force F = 10 N alog x-axis and y-axis if  ⃗ makes an angle of     from x-axis. 

Solution:  

                      

Or, 

   (  )      
  (  ) (

 

 
)      

And, 

   (  )      
  (  ) (

√ 

 
)   √    

16. Dot Product of two vectors: 

The The dot product of two vectors is a scalar quantity. It is also called scalar product. For 

example, work is a scalar quantity and it is the product of force and displacement as given by  

   ⃗   ⃗ 

Let two vectors  ⃗ and  ⃗⃗ are acting at a point, making angle   with each other. Then, 
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 ⃗   ⃗⃗  | ⃗|| ⃗⃗|             

Special cases: 

(1) If two vectors are perpendicular to each other then their dot product is zero.      , as 

(        ) and 

 ⃗   ⃗⃗    

(2) If two vectors are parallel to each other, then       as (       ) and  

 ⃗   ⃗⃗     

Angle between two vectors, 

     
 ⃗   ⃗⃗

| ⃗|| ⃗⃗|
 

Properties of dot product of two vectors: 

(1) The dot product of two vectors as, 

 ⃗   ⃗⃗   ⃗⃗   ⃗  

(2) Unit vectors,  

 ̆   ̂   ̂   ̂   ̂   ̂    

And, 

 ̆   ̂   ̂   ̂   ̂   ̂    

Projection of Vector  ⃗ on vector  ⃗⃗ Or, Component of  ⃗ along  ⃗⃗, it is given as, 

              ⃗        ⃗⃗  
 ⃗   ⃗⃗

| ⃗⃗|
 

17. Cross Product of two vectors: 

The cross product of two vectors is a vector itself. It is also called Vector product. For example, 

torque is a vector quantity and it is the cross product of displacement and force, given as, 

 ⃗   ⃗   ⃗ 

Another example, in circular motion, velocity is a vector quantity and it is the cross product of 

displacement and and angular velocity as, 
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 ⃗   ⃗⃗⃗   ⃗ 

If two vectors  ⃗ and  ⃗⃗ are acting at a point and makes an angle   from  ⃗ to  ⃗⃗, then 

 ⃗   ⃗⃗  | ⃗|| ⃗⃗|      ̂         ̂    ( )  

Taking magnitude of above equation both sides, we have 

| ⃗   ⃗⃗|           (  )  

As,| ̂|    

Unit Vecor perpendicular to both  ⃗⃗⃗ and  ⃗⃗⃗: 

From above two equations (i) and (ii), we get, 

 ̆  
 ⃗   ⃗⃗

| ⃗   ⃗⃗|
 

Special case:  

(1) Two vectors are parallel if their cross product is zero. That is, when     , then 

 ⃗   ⃗⃗    

(2) If the angle between two bectors is    , then 

| ⃗   ⃗⃗|     

 

 
 

Properties of Cross product of two vectors: 

(3) The cross product of two vectors as, 

 ⃗   ⃗⃗    ⃗⃗   ⃗  

(4) Unit vectors,  

 ̆   ̂   ̂   ̂   ̂   ̂    

And, 
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 ̆   ̂     ̂ ̂   ̂   ̂   ̂   ̂   ̂  

Also,  

 ̆   ̂      ̂ ̂   ̂    ̂   ̂   ̂    ̂  

18. Numerical Based on Dot product and Cross Product:  

Numerical-1: 

Find the angle between  ⃗   ̂   ̂ and  ⃗⃗   ⃗   ⃗ 

Solution:  

     
 ⃗   ⃗⃗

| ⃗|| ⃗⃗|
 

( ̂   ̂)  ( ̂   ̂)

(√( )  (  ) ) (√( )  ( ) )
 
   

√ √ 
 
 

 
         

Numerical-2: 

Find a unit vector perpendicular to both  ⃗    ̂    ̂   ̂ and  ⃗⃗   ̂   ̂   ̂ 

Solution:  

[ ⃗   ⃗⃗]  |
 ̂  ̂  ̂
   
    

|   ̂ |
  
   

|   ̂ |
  
  

|   ̂ |
  
   

|

  ̂(   )   ̂(   )   ̂(    )    ̂   ̂    ̂ 

And,  

| ⃗   ⃗⃗|  √( )  (  )  (  )  √   

Therefore, unit vector perpendicular to both as 

 ̂  
 ⃗   ⃗⃗

| ⃗   ⃗⃗|
 
  ̂   ̂    ̂

√  
           

 

19. Exam Tips (★★★★★) 
⭐ Triangle Law औ  Parallelogram Law    Statement + Diagram              

⭐                म  स    Pythagoras Theorem              

⭐ Components         सम : 

 X-direction → Cos  

 Y-direction → Sin  

(        X-axis स              ) 
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Part – 3: Position Vector, Motion in a Plane, Velocity and 
Acceleration in Two Dimensions 

Learning Objectives 
इस                    आप: 

 Two-Dimensional Motion    Vector Form म  समझ स       

 Position Vector     Displacement Vector    उप       स       

 Average     Instantaneous Velocity in Plane    समझ स       

 Acceleration in Two Dimensions                 

 Motion    Vector Equations              स        

 

1. Motion in Two Dimensions 
     ई     X-axis     Y-axis              म     स              ,    उस  Two-Dimensional 

Motion    Plane Motion          

Examples 
 Projectile Motion  

 Circular Motion  

 Boat Crossing a River  

 Motion of an Aircraft  

 

2. Cartesian Coordinate System 
Two-dimensional motion                   Cartesian Coordinate System              

         

 Horizontal Axis → X-axis  

 Vertical Axis → Y-axis  

                             → Origin (O)  

      स        P    Coordinates    : (x,  y)    उस         प                           

 

3. Position Vector 
Origin स    स        P              Vector Position Vector            

          P    Coordinates (x, y)   ,     

ˆ ˆr xi yj   

    , 

  ̆ → X-axis    Unit Vector  

  ̂ → Y-axis    Unit Vector  

 

4. Magnitude of Position Vector 
     ⃗    ̂    ̂   , 
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2 2r x y ∣ ∣  

 

5. Displacement Vector 
      ई           A स        B           ,    उस   Displacement: 

2Δr r r   

     ⃗     ̆     ̂ औ   ⃗     ̆     ̂   , 

2 1 2 1
ˆΔ ( ˆ( ) )r x x i y y j     

 

6. Average Velocity in a Plane 
Average Velocity: 

Δ

Δ
avg

r
v

t
  

      Vector Quantity     

SI Unit: m/s 

 

7. Instantaneous Velocity 
  स           प  Velocity    Instantaneous Velocity          

dr
v

dt
  

If  ⃗    ̂     ̂then, 

ˆ ˆdx dy
v i j

dt dt
   

Or, 

ˆ ˆ
x yv v i v j   

 

8. Magnitude of Velocity 
    Velocity    Components             , then, 

2 2

x yv v v   

 

9. Direction of Velocity 
Velocity      X-axis    स                : 

tan
y

x

v

v
   
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10. Average Acceleration 
Acceleration = Velocity    प             

Δ

Δ
avg

v
a

t
  

 

11. Instantaneous Acceleration 

dv
a

dt
  

    

 ⃗     ̂     ̂ 

  , 

ˆ ˆyx
dvdv

a i j
dt dt

   

  , 

ˆ ˆ
x ya a i a j   

 

12. Magnitude of Acceleration 

2 2

x ya a a   

 

13. Direction of Acceleration 

tan
y

x

a

a
   

  

 

14. Motion Equations in Vector Form 
    Acceleration Constant   ,    

First Equation 

v u at   

 
Second Equation 

 ⃗   ⃗⃗  
 

 
 ⃗   

 
Third Equation 

        ⃗   ⃗  
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   :   स   Equation म  Dot Product (Scalar Product)                ,   स              

आ             म              

 

15. Solved Example – 1 
   Particle    Position Vector   :  ⃗    ̂    ̂, Magnitude            

Solution 

| ⃗⃗|  √        

 

16. Solved Example – 2 
              औ          ,    Velocity    Magnitude            

Solution 

  √  
    

  √              

 

17. Important Conceptual Questions 

Q1.    Position Vector औ  Displacement Vector             ? 
Answer: 

      

Position Vector  म    Origin स  म प         ,      Displacement    Positions                

         

 

Q2.    Velocity क  Components      (Independent)        ? 
Answer: 

     

X     Y        म  Motion   -  स   स       (Independent)          

 

Q3.      -dimensional Motion क     एक-dimensional Motions             क   

    क     ? 
Answer: 

     

     स     Projectile Motion     River Crossing Problems    आ        

 

18. Exam Tips (★★★★★) 
⭐ Position Vector  म    Origin स               

⭐ Magnitude                Pythagoras Theorem              

⭐ Plane Motion म  X     Y                    ग-  ग      

⭐ Velocity     Acceleration       Vector Quantities     
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Part –4: Projectile Motion (Introduction, Equations and 
Trajectory) 

   Chapter 3 क                 ग     CBSE Board, NEET     JEE Main म  Projectile 

Motion स                   प             

 

Learning Objectives 
इस                    आप: 

 Projectile Motion            समझ स       

 Horizontal     Vertical Motion                   स       

 Time of Flight, Maximum Height     Horizontal Range    स           स       

 Projectile    Trajectory    सम     समझ स       

 Numerical Problems       स       

 

1. Projectile Motion 
Definition 

     स               (Horizontal) स    स      θ\thetaθ प             uuu    स        

            उस       उस प       ग    क       (Gravity)             ,    उस          

Projectile Motion          

 
Examples 

               

                

      (Javelin)        

   प स                 

       (Fountain) स             

 

2. Assumptions of Projectile Motion 
स                     म                 : 

1.             (Air Resistance)          

2.            g           

3. प               उप                 

4. Motion         Vertical Plane म            

 

3. Velocity Components 
               u, Horizontal स  θ             ,    
Horizontal Component: 

cosxu u   
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Vertical Component: 

sinyu u   

 

4. Motion along X-axis 
Horizontal      म    ई Acceleration            

     

   , 
Velocity: 

cosxv u   

Displacement: 

           

 

5. Motion along Y-axis 
Vertical      म  Acceleration: 

      

Velocity: 

sinyv u gt   

Displacement: 

           
 

 
    

 

6.Deriving Time of Flight,Maximum Height, Horizontal 

Range and Equation of Trajectory: 

 
 

 

 

 

 

 

 

 

 

 

 

 

Since,  

            ( ) 
 

            (  ) 
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    (   ) 

 

       
 

 
   

    (  ) 

 

Also,  

                                   ( ) 

(a) Time of Flight 
Projectile    प       म प  आ   म          सम  Time of Flight            

Derive it:  
At the highest point vertical velocity (  )   . Let time taken to reach maximum height is t in 

first part and then to reach on ground from highest point to ground is also t because of symmetry. 

Therefore, Time of Flight = 2 t = T 

Using equation (ii) and (v) we have, 

          
We get, 

           
Or,  

  
     

 
   (  ) 

Hence, time of flight =    , so, Time of Flight is, 

  
      

 
 
   

 
   (   )  

         Derived 

 

(b) Maximum Height 
Projectile               म ऊ   ई: 

Derive it:  
At the highest point,      

Using equation (iv) and (v) and (vi), we have 

       
 

 
   

  

Then,  

       (
     

 
)  

 

 
 (
     

 
)
 

 

Or,  

  
       

 
 
       

  
 
       

  
 

Hence, maximum height ism 
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   (    )  

         Derived 

 

(c) Horizontal Range 
Projectile             ई               : 
Derive it:   

Since      as it is the horizontal distance from the point of throw to the point of fall. 

 

Using equation (iii) and (v) and (vii), we have,  

       
 

 
   

  

Then,  

  (     )    (     ) (
      

 
)  

  (         )

 
 
       

 
 

Hence, horizontal range is, 

  
       

 
 
     

 
   (  )  

         

            

2

max

u
R

g
  

  

 

(d) Equation of Trajectory 
Projectile    प  (Trajectory) प     (Parabola)          

Trajectory    सम    : 

Derive the equation of Trajectory which is a parabole- 
Let      and     , then using equation (iii), (iv) and (v), we have, 

       
 

 
   

  

Then,  

          
Or,  

  
 

     
   ( ) 

Now,  

       
 

 
   

    (  ) 

Putting the value of t from equation (x) and     , we get from equation (xi) as  
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  (       ) (
 

     
)  

 

 
 (

 

     
)
 

 

Or, 

        
   

        
    (   ) 

Or,  

       (  
 

 
)  

         Derived 

 

 

     : Projectile    Path स    Parabolic          

 

7. Angle for Maximum Range 
Maximum Range                

      

 

8. Complementary Angles 
            

      

          

      Complementary Angles प  सम                     Horizontal Range सम            

 

9. Solved Examples  

Examples-1 

          u = 20 m/s        स  30
0
        प                g =10 m/s

2
, what is the time of 

flight? 

Solution 

  
      

 
 
   

 
 

  
     

  

 

Example – 2 
उप       म  Maximum Height            

Solution 

  
       

  
 
    

 
 

    
     

 

 

Example–3 
    u = 20 m/s औ  θ = 450    Horizontal Range          g =10 m/s

2
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Solution 

  
       

 
 
     

  
      

 

10. Important Conceptual Questions 

Q1. Projectile Motion    Horizontal Acceleration  क           ? 
Answer:zero 

 

Q2. Vertical Acceleration  क           ? 
Answer: -g 

Q3.  क  क      Maximum Range            ? 
Answer: 45

0 

 

Q4.    Projectile क  Path Circular        ? 

Answer:          Parabolic          

 

Q5. Complementary Angles    Range                 ? 

     , sin2θ = sin (1800−2θ)  

                   म  Range सम            

 

11. Exam Tips (★★★★★) 
⭐ Horizontal Motion औ  Vertical Motion             ग-  ग      

⭐ Horizontal Velocity                    

⭐ Vertical Velocity सम     स             

⭐ Maximum Height प       Vertical Velocity            , Horizontal Velocity       

⭐  450 प  Range      म          
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Part – 5: Uniform Circular Motion 

     ग CBSE Board, NEET ए   JEE Main क    ए                         प स  Uniform 

Circular Motion स      म   प स     प             

 

Learning Objectives 
इस                    आप: 

 Uniform Circular Motion (UCM)            समझ स       

 Angular Displacement, Angular Velocity     Time Period                 

 Centripetal Acceleration    आ               समझ स       

 

1. Uniform Circular Motion (UCM) 

Definition 
     ई         क      (Circular Path) प           (Constant Speed) स             ,    

उस          Uniform Circular Motion          

Examples 

      स        आ   म   प    

 प    (Fan)             म    

 प                  म   उप   (स            )  

        स इ     

 

2. Characteristics of UCM 
 Path                   

 Speed                

 Velocity    Magnitude सम          , प  Direction                   

 इस           Acceleration                 

 

3. Circular Motion Diagrams: 
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4. Important Definitions: 
In circular motion, a particle has two velocities. 

(a) Angular velocity 

(b) Linear velocity 

Angular Velocity ( ) 
Angular Displacement    सम     स प   प         : 

  
  

  
 

SI Unit: rad/s  

 
Angular Displacement ( ) 
           प          Angular Displacement            

SI Unit: radian  

 

5. Relation between Linear and Angular Velocity 
Since,  

       
Or, 

  

  
  

  

  
 

Or, 

     
In vector form, 

 ⃗   ⃗⃗⃗   ⃗  

 

6. Time Period (T) 
   प              म      सम : 

  
  

 
 

 

7. Frequency (f) 
    स                      स   : 

  
 

 
 

औ  

      

 

8. Acceleration ( ) 
A particle in circular motion has two accelerations. 

(a) Angular acceleration 

(b) Linear Acceleration 
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Angular Acceleration( ): 
The time rate of change in angular velocity is called angular acceleration. 

  
  

  
 

 It is a vector quantity.  

 Direction of angular acceleration is perpendicular to the plane of circle and it is either 

parallel or antiparallel to the angular velocity. 

 If         are parallel to each other, speed of the particle increases. 

 If         are anti-parallel to each other, speed of the particle decreases 

 

Linear Acceleration( ): 
It has two components: 

(a) Centripetal acceleration and 

(b) Tangential acceleration 

Centripetal Acceleration Or Radial Acceleration 
Uniform Circular Motion म      स                       

         
  

 
     

       ए  

      स                

 Magnitude         स         

 Direction                        

Tangential Acceleration(  ): 
It is defined as rate of change in speed.  

   
 | ⃗|

  
 

This tangential component is responsible for change in speed in circular motion.  

 If    is zero, no change in speed.  

 If tangential acceleration and linear velocity both are in same direction, speed increases. 

 If both are in opposite direction, speed decreases. 

Relation between tangential acceleration, angular acceleration and 

radius of the circle: 
Since,  

  
  

  
 
 (
 
 )

  
 
 

 
(
  

  
)  

  
 

 

Or, 

      

Net Acceleration 

  √        
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The direction of net acceleration from   , 

     
  
  

 

 

9. Numerical 

Numerical-1: 
A particle is moving in a circle of radius 1 m at uniformly increasing speed. Calculate the 

angular acceleration of the particle if its speed changes from 2 m/sto 3 m/s in 2 s. 

Solution:  

Since,  

      
Or,  

  

  
    

Or,  

  
 

 
(
   

 
)                      

Numerical-2: 
The speed of a particle varies with time as:     .The particle is moving on a circula path of 

radius 1 m. Find the followings at t = 1 s. 

(a) radial acceleration 

(b) tangential acceleration and  

(c) net acceleration 

Solution:  

(a) Radial acceleration, 

   
  

 
 

At t = 1 s, r = 1 m,            , then 

   
 

 
                

(b) Tangential acceleration, 

   
  

  
 
 (  )

  
               

(c) Net acceleration, 

  √  
    

  √      √               
 

10. Why is Acceleration Present in UCM? 
   प Speed             ,       Velocity                               

      Acceleration, Velocity    प               , इस   : 
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11. Solved Examples 

 

Example – 1 
      5 m               प  10 m/s        स    म         

Centripetal Acceleration            

Solution 

   
  

 
 
   

 
         

 

Example – 2 
         Angular Velocity 4π rad/s      Time Period            

Solution 

  
  

 
 
  

  
       

 

12. Important Conceptual Questions 

Q1.    Uniform Circular Motion    Acceleration            ? 

Answer:           स                       

 

Q2. Centripetal Acceleration क                 ? 

Answer: स                      

 

Q3.    Speed औ  Velocity                   ? 

Answer: Speed सम          , Velocity                        

 

Q4. Angular Velocity क  SI Unit      ? 
Answer: rad/s 

 

13. Exam Tips (★★★★★) 
⭐ UCM म  Speed             , प  Velocity                

⭐ Centripetal Acceleration स    क   क  ओ           

⭐ v = rω      म  प    स       
 

 


