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Chapter1 Coordinate Systems 

1.1 Polar and Cartesian coordinate system 

• r is the distance from the origin O to the point having Cartesian coordinates 

(x, y). 

• θ is the angle between a fixed axis and a line drawn from the origin to the 

point.  

• The fixed axis is often the positive x-axis, and θ is usually measured 

counterclockwise from it. 

•  The polar coordinates are (r, θ). Note: θ is often expressed in radians. 

 

 

 

 

 

 

Formulas: 
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Distance between two point (d) 

 

 

∆x= x2-x1 and ∆y= y2-y1 

 

Example.1  

Convert the following (given in polar coordinates) (2, 45°) to Cartesian 

coordinates  

Solution: 

we have r = 2, θ = 45°  

 x = r cosθ = 2 cos(45°) = 2 (√1 2)⁄ = √2 

y = r sinθ = 2 sin(45°) = 2 (√1 2)⁄ = √2 

Cartesian coordinates are (√2, √2) 

 

Example 2  

Calculate the polar coordinates given the Cartesian coordinates (2, 2)? 

Solution:  

For (2, 2), we have x = 2, and y = 2.  

Therefore, r 2 = x 2 + y 2 = 4 + 4 = 8, and r = √2 

We have tan θ = y /x, so 

θ = tan-1 y /x = tan-1 2/2.  

 θ =45°  
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Since this point is in the first quadrant, we have θ = π/4. (or 45°) 

Therefore the polar coordinates for the point (2, 2) are (√2, π/4). 

 

Practice Questions  

1. Convert each of the following (x,y) points into polar coordinates? 

a. (1, 1) 

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

 b. (−3, 4)  

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

c. (1, 3)  

………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………… 

d. (5, −5) 

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 
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2. Convert each of the following points into Cartesian coordinates.  

A. (3, π/3)  

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

b. (2, 3π/2) 

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

 c. (6, −5π/6) 

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

 

3. The polar coordinates of a point are r = 5.50 m and θ = 240°. What are the 

Cartesian coordinates of this point? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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4. Two points in a plane have polar coordinates (2.50 m, 30.0°) and (3.80 m, 

120.0°). Determine (a) the Cartesian coordinates of these points and (b) the 

distance between them. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

1.2 Vectors. 

1.2.1 Physical Quantities 

 A scalar quantity is completely specified by a single value (magnitude) 

with an appropriate unit and has no direction. 

Examples: Distance, mass, speed and time. 

 A vector quantity is completely specified by a number with an appropriate 

unit (the magnitude of the vector) plus a direction. 

         Examples: velocity, displacement, acceleration and force. 

 

Practice Questions  

1. The scalar quantity has: 

a) both magnitude and direction. b) magnitude only.  c) direction only.  

 

2. Which of the fo.llowing is a scalar quantity: 

a) Speed              b) Velocity         c) Displacement             d) None of   these 
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3. Which of the following is a vector quantity? 

a) Mass            b) Density     c) Temperature           d) Force  

 

4. The vector quantity has: 

a) both magnitude and direction. b) magnitude only.  c) direction only 

 

5.  Which of the following is a scalar quantity: 

a) Distance              b) Velocity         c) Displacement             d) None of   these 

1.2.2 Components of a Vector and Unit Vectors: 

Formulas: 

 

 Example.1 

1. Find the x and y components of vector A having a magnitude of 12 m and 

making an angle of 60º degrees with the positive x-axis.  

Solution: 

The magnitude of vector A = 12 m, and it makes an angle θ = 60º. 

The x component of the vector = Ax = Acosθ = 12.cos 60º = 6 m 

The y component of the vector = Ay = Asinθ = 12.sin 60º = 10.4 m 
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Exmaple.2 

Find the magnitude and counter-clockwise angle (direction) it makes with the x-

axis axis of the vector 𝐴 = (8𝑖̂ + 6𝑗̂) 𝑚   

Solution: 

 

𝐴 = √82 + 62 = 10 𝑚 

 

 

 

𝜃 = 𝑡𝑎𝑛−1(
6

8
) = 36.87° 

Practice Questions 

1. Find the magnitude and direction (with respect to the positive x-axis) of the 

vector 𝐴 = (3𝑖̂ + 4𝑗̂) 𝑚. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2.Vector A has components vector Ax = −8 m and Ay =10 m. Find the magnitude 

of the vector and the counter-clockwise angle (direction) it makes with the 

positive x-axis. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………
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……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3. Find the magnitude and counter clockwise direction (with respect to the 

positive x-axis) of 𝐵⃗⃗ = (−6𝑖̂ + 4𝑗̂) 𝑚           

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

4.Find the magnitude and direction with positive x-axis of vector  𝐵⃗⃗⃗⃗ =
(4𝑖̂ + 8𝑗̂) 𝑚   

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

5. Find the components of vector of 𝐴a which has a magnitude of 5 and makes 

an angle of 30°  with positive x-axis. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

6. Find the magnitude and counter clockwise direction (with respect to positive 

x-axis) of 𝐵⃗⃗ = (−8𝑖̂ + −6𝑗̂) 𝑚 
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……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

1.2.3 Adding Vectors 

Formulas: 

 

Example.1 

 

Solution: 
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Practice Questions 

1.  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. Let vector  𝐴 = (3𝑖̂ + 3𝑗̂)
𝑚

𝑠
  and vector  𝐵⃗⃗⃗⃗ = (−𝑖̂ + 5𝑗̂)

𝑚

𝑠
. Use the formulas 

above to find 𝐷⃗⃗⃗ = 𝐴 + 𝐵⃗⃗ and calculate the magnitude and direction of the 

vector 𝐷⃗⃗⃗. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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1.2.4 The Scalar Product of Two Vectors: 

The result of the product is scalar. 

Formulas: 

 

 

 

 

 

 

 

 

Example.1  

If  𝐴 = -2i + 3j + 5k and 𝐵⃗⃗= i + 2j + 3k are two vectors, then find the value of 

the dot product of these two vectors. 

Solution: 

𝐴. 𝐵⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = (−2)(1) + (3)(2) + (5)(3) 

         = −2 + 6 + 15 = 19 

 

Practice Questions 

1.If  𝐴 = −4i + 5j + 2k and 𝐵⃗⃗= i + 2j  are two vectors, then find the value of the 

dot product of these two vectors. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. If  𝐶 = i + k and 𝐷⃗⃗⃗= i + 4j + 6k are two vectors, then find the value of the dot 

product of these two vectors. 
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……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

3.What is the dot product of two vectors of magnitude 3 and 5, if the angle 

between them is 60°? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

4. If  𝐴 = 2i −5j −2k and 𝐵⃗⃗= i + 3k  are two vectors, then find the value of the 

dot product of these two vectors. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

1.2.4 Vector (cross) Product 

The result of the product is a vector. 

Formulas: 
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Example.1 

For the two vector  𝐴⃗⃗⃗⃗ = (2𝑖̂ + 3𝑗̂) 𝑚/𝑠 and vector  𝐵⃗⃗⃗⃗ = (−𝑖̂ + 2𝑗̂) 𝑚/𝑠, Find 

 𝐴⃗⃗⃗⃗ x 𝐵⃗⃗⃗⃗  and verify that 𝐴x 𝐵⃗⃗⃗⃗ = −𝐵⃗⃗x 𝐴⃗⃗⃗⃗ . 

Solution: 

 

Example.2 

 

Solution: 
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Practice Questions 

1. If the vector  𝐴⃗⃗⃗⃗ = (−6𝑖̂ + 10𝑗̂) 𝑚/𝑠 and vector  𝐶⃗⃗⃗ ⃗ = (12𝑖̂ − 20𝑗̂) 𝑚/𝑠,  

Find  𝐴⃗⃗⃗⃗ x 𝐶⃗⃗⃗ ⃗. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………... 

 

2. If the vector 𝑎⃗ = (5𝑖̂ + 5𝑗̂) 𝑚/𝑠 and vector 𝑏⃗⃗ = (12𝑖̂ − 20𝑗̂) 𝑚/𝑠,  

Find 𝑎⃗x𝑏⃗⃗. And the angle between them. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………
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……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3. What is the magnitude of the cross product of two vectors of magnitude 10 N 

and 6 N, if the angle between them is 30°. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

4. If the vector 𝑎⃗ = (3𝑖̂ + 2𝑗̂ + 4𝑘̂) 𝑚/𝑠 and vector 𝑏⃗⃗ = (2𝑖̂ − 5𝑗̂ + 2𝑘̂) 𝑚/𝑠,  

Find 𝑎⃗x𝑏⃗⃗ and the angle between them. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

5.If the vector 𝑎⃗ = (6𝑖̂ + 2𝑗̂ − 2𝑘̂) 𝑚/𝑠 and vector 𝑏⃗⃗ = (𝑖̂ − 7𝑗̂ + 2𝑘̂) 𝑚/𝑠,  

Find 𝑎⃗x𝑏⃗⃗ and the angle between them. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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Chapter 2 Motion 

2.1 Motion in one Dimension 

The position (x) of an object describes its location relative to some origin or 

other reference point. 

Example  

 

 

Solution: 

The position of the ball above is x  2 cm. 

 

2.1.1    Displacement (∆x) and Distance  

 

Distance is the length of a path followed by a particle. 

 

Example.1  

A ball is initially at x = +2 cm and is moved to x =  ̶ 2 cm. What is the 

displacement of the ball? 

Solution: 

 

 

 



18 
 

Practice Questions  

1. At 3 PM a car is located 20 km south of its starting point. One hour later it is 

96 km farther south. After two more hours it is 12 km south of the original starting 

point. What is the displacement of the car between 3 PM and 6 PM? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. A car travelled a long straight road 100 km east then 50 km west. Calculate 

the distance and displacement of the car? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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2.1.2    Average velocity and average speed: 

 Average Velocity is the change in position x divided by the time interval t. 

Formulas: 

 

 

 

 

 

 

 

 

 

 

 

 

Example.1  

A car travels 60 km in the first hour and 80 km in the second hour. Calculate its 

average speed. 

Solution: 

vav = 
𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒
 

= (60+80)/(1+1)= 140/2= 70 km/hr 

Example.2  

A truck moves in a straight line down the track. At a time 1s after the start of 

the movement, the car is at x1 =19m to the right of the origin. Then, at 4s after 

the start, it is at x2=277m from the origin. Find the average velocity for the 

truck. 
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Solution: 

 

 

 

Practice Questions 

1. To complete a journey of 200 km, a truck requires 4 hrs. Calculate the 

average speed of the truck. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. Between points A and B, the average speed of a car is 30 m/s, and between B 

and C is 20 m/s. Calculate the average speed between A and C, if the time taken 

in the stated sections is 20s and 10s, respectively. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3. Find the average velocity of an object when the change in displacement is 81m, 

and the total time taken is 9 s. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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2.1.3    Instantaneous velocity (vx ) and speed  (S) 

Formulas:  

 

 

                          vx = 
𝑑𝑥

𝑑𝑡
 

The speed of a particle is the magnitude of its instantaneous velocity 

 

Example.1 

If the position of a particle varies with respect to time and is given as (x=6t2 + 2t 

+ 4) m, find the instantaneous velocity and speed at t=1second. 

Solution: 

                                  vx = 
𝑑𝑥

𝑑𝑡
 

                                  vx = 
𝑑(6𝑡2+ 2𝑡 + 4)

𝑑𝑡
= 12𝑡 + 2 

at t =1s ,  vx=12(1)+2=14 m/s 

Practice Questions 

1. The position function of an object is x(t) = t3 ̶ 3t. Compute the instantaneous 

velocity of the object at t = 7 seconds. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………
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……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. The position function of an object is given by x(t) = 4t3 +3t+1. Compute the 

instantaneous velocity and speed of the object at t = 4 seconds. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2.1.4 Average and Instantaneous Acceleration (a): 

Formulas: 

Average Acceleration 

 

 

 

 

 

 

Unit m/s2 

Instantaneous Acceleration 

 

 

 

 

Unit m/s2 
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Example.1 

A racehorse coming out of the gate accelerates from rest to a velocity of 15.0 

m/s in 2.0 s. What is its average acceleration? 

Solution: from rest v1x =zero 

aav = 
15−0

2−0 
 = 7.5 m/s2 

 

Example.2 

The position of a particle on a line is given by x(t) = t 3 − 3 t 2 − 6 t + 5, where t is 

measured in seconds and x is measured in meter. Find the acceleration of the 

particle at the end of 2 seconds. 

Solution: 

 

 

        ax = 6t− 6 =(6x2) − 6 = 6 m/s2 

 

Practice Question  

1. The speed of a traveling bus increases from 15 m/s to 20 m/s in 4 seconds. 

Find the average acceleration of the bus. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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2. A new car can accelerate from 0 to 60 m/s in just 7 seconds. Calculate the 

average acceleration of the car. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

1.The position of a particle on a line is given by x(t) = t 4+ 3 t 2 + 12 t , where t is 

measured in seconds and x is measured in meters. Find the acceleration of the 

particle at the end of 1 second. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. If the position of an object is given as x(t) = 0.5 t3 +2t. Calculate the 

instantaneous acceleration after 3 seconds of motion? 

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… 

 

Example.3 

If the velocity of the object is given as v = 10 t2 +2t. Calculate the instantaneous 

acceleration after 2 seconds of motion? 

Solution: 
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Practice Questions 

1. A particle is in motion and is accelerating. The functional form of its velocity 

is v(t)=20t−5t2 m/s. Find the instantaneous acceleration at t = 1,3, and 5 s. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. The functional form of velocity of a moving object is v(t)=6t2−10t m/s. Find 

the instantaneous acceleration at t = 1.5s. 

…………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………… 

 

3.  The position of a particle moving on the x axis is given by x(t) = 20 + 4 t2 – 

3t3. (a)What is its instantaneous velocity at t = 2 seconds? (b) Find the average 

velocity in the interval between 1 sec and 6 sec. 

…………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………… 
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2.1.4 Kinematic Equations of Motion with Constant Acceleration in One 

Dimension and Free Falling 

Formulas 

 
x-direction  

 

 
 

particle has position x0 and velocity v0 at 

time t = 0; it has position x and velocity v 

at time t. 
 acceleration due to gravity (g) 

g = 9.80 m/s2 (downward) 

 

 

Example.1 (x-direction) 

A car at rest waiting to merge onto a highway. It accelerates at 4 m/s2 for 7 s. 

What is the car’s final velocity? 

Solution: 

v = v0+at 

v = 0 +(4 ⋅7) 

= 28 m/s 

v =28 m/s 
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Example.2 

 
A ball rolls toward a hill at 3 m/s. It rolls down the hill for 5 s and has a final 

velocity of 18 m/s. What was the ball’s acceleration as it rolled down the hill? 

Solution: 

 
 

 

 

 

 

 

Example.3 

 

A rocket is cruising through space with a velocity of 50 m/s and burns some 

fuel to create a constant acceleration of 10 m/s2. How far will it have travelled 

after 5 s? 

Solution: 

 

 

 

 

Example.4 

A car exiting the highway begins with a speed of 25 m/s and travels down 

a 100 m-long exit ramp with a deceleration (negative acceleration) of 3 m/s2. 

What is the car’s velocity at the end of the exit ramp? 
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Solution:  

 

 

 

 

 

Practice Questions 

1. Calculate the distance travelled by a bus with an initial velocity of 30 m/s and 

that increased its speed to 60 m/s in 20 seconds, assuming acceleration is constant. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. A car initially traveling along a straight line from rest accelerates with a 

constant acceleration of 6 m/s2 for 5 seconds. Calculate the final velocity. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………….. 
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3. If a car has a constant acceleration of 4 m/s2, starting from rest, what is the 

distance after 10 seconds? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

4. A body travelling with a velocity of 120 ms-1 accelerates uniformly at a rate 

of 20 ms-2 for a period of 40 s. Calculate the velocity and the distance travelled 

in 40 s. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

5. A car initially traveling along a straight highway at 13 m/s accelerates with a 

constant acceleration of 3 m/s2. 

a) What is the velocity of the car after 5s?  

b) what distance does the car travel during its 2s of acceleration? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………



30 
 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2.1.5 Free falling (y-direction) 

Example.1 

An object is dropped from rest from the top of a tall building. It hits the 

ground 5s after it is dropped. What is the height of the building?  

Solution: 

∆𝑦 = 𝑣𝑖 −
1

2
𝑔𝑡2 

∆𝑦 = 0 −
1

2
9.8(5)2 

∆𝑦 = −122.5 𝑚 

height of the building is 122.5 m 

 

Example.2 

An object, dropped from rest, falls down a distance of 45 m. What is the 

object’s final velocity?  

v2
f = v2i -2g∆y 

v2
f = 0 -2(9.8) (-45) 

v2
f = 0 −2(9.8) (−45) 

vf =± 29.7 m/s 

vf = −29.7 m/s 
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Practice Questions 

1. An object is dropped from rest, and falls a distance of 20 m. What is the 

object’s final velocity?  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2.  An object of mass 2 kg is dropped (from rest) from the cliff of a building and 

it reached the ground after 7 seconds. What is the height of the building?  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3. What is the velocity of a ball that has been dropped off a cliff after 5 seconds. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

4. A ball is thrown vertically upward from the ground with a velocity of 20 m/s. 

Calculate the maximum height reached. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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5. A stone is dropped from rest from the top of a high building. After 2.00 s of 

free-fall, a) what is the velocity of the stone? b) what is the displacement Δy of 

the stone? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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Chapter 3 Newton’s Laws 

3.1 Newton’s First Law 

An external force causes a body to accelerate. If no external force(s) act on the 

body, the body will continue moving with a constant velocity along a straight 

line.  

Force is vector quantity, with magnitude and direction. The force unit is Newton 

(N).  

Mass is measured in kg (SI). Mass is a scalar quantity. 

Formulas: 

 

  

3.2 Newton’s Second Law 

 

 

 

 

3.3 Newton’s Third Law 

The action and reaction forces act on different objects. The action force is equal 

in magnitude to the reaction force and is opposite in direction. 
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Examples on Newton’s Laws 

1. The net force F acting on an object is equal to zero, if … 

A) the object remains at rest 

B) the object is moving with constant acceleration 

C) the object moving in straight line with constant velocity 

D) a and c                 

 

2.When two bodies interact, they exert force on each other, and these forces are 

known as ……. 

A)   Ground-sky pair  B) Air-water pair 

C) Action-reaction pair   D) Friction-gravitation pair 

 

3. A car, its mass is 1200 kg, moving with acceleration of magnitude 2 m/s2. 

The net force on the car is. 

Solution: 

Fx= 1200 x 2 = 2400 N 

4. A object has a mass of 900 kg and can accelerate from 0 to 27 m/s in 3 seconds. 

Calculate the net force needed to produce this acceleration. 

Solution: 

 

𝑎 =  
27 − 0

3
= 9 𝑚

𝑠2⁄  
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                                    Fx= 900 x 9 = 8100 N 

 

5. A body of mass m1 rests on a smooth plane inclined to the horizontal. It is 

connected by a light inextensible string passing over a smooth pulley fixed at the 

top of the plane, to another body of mass m2 hanging freely vertically below the 

pulley. Determine the acceleration of the system. 

Solution: 

 

 

 

 

 

 

 

 

 

Practice Questions  

1. How can Newton's second law be represented mathematically? 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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2. When two objects of unequal mass are hung vertically over 

frictionless pulley of negligible mass, the arrangement is called an 

Atwood machine as in the figure. Derive the formula for determining 

the magnitude of the acceleration of the two objects. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3. If the force acting on a body is 10 N, and the acceleration is 4 m/s2, what is 

the mass of the body? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

4. If the force acting on a body is 50 N, and the mass is 5 kg, what will be the 

acceleration of the body? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………
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……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

5. A constant force acting on a body of mass 3 kg changes its speed from 2 m/s 

to 3.5 m/s in 10 second. If the direction of motion of the body remains unchanged, 

what is the magnitude and direction of the force? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

 

6. Two forces F1 and F2 act on a 5.00 

kg object. Taking F1=20.0N and F2=15.0N, 

find the accelerations of the object for the 

configurations of forces shown in parts (a) 

and (b) of the figure. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

7. Two blocks of mass 4.0 kg and 6.0 kg are joined by a string and rest on a 

frictionless horizontal table (as in 

Figure). A force of 100 N is applied 
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horizontally on one of the blocks. Find the acceleration of each block? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3.4 Forces of Friction 

  

 

 

Formulas. 

Static friction  Kinetic friction 

 

 

𝜇s is the coefficient of kinetic friction 

and n is the normal force 

 

 

𝜇𝑘 is the coefficient of kinetic friction. 

 

 

 

Example.1  

A large block of ice is being pulled across a frozen lake. The block of ice has a 

mass of 300 kg. The coefficient of friction between two ice surfaces is small: μk = 

0.05. What is the force of friction that is acting on the block of ice? 
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Solution: 

Fk=μkn 

n (normal force) = mg 

Fk = μmg 

Substituting the values in the above equation we get, 

Fk = 0.05 × 300 × 9.8  

Fk = 147 kg.m/s2 or 147 N. 

Practice Questions 

1. A man has to push his boat on the shore across the mud to get to the water. 

Take μk = 0.400. If the boat has a mass of 40 kg, calculate the magnitude of the 

force of friction acting on the boat. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

 

2. A force of 5000 N pulls an object of mass 150 kg and overcomes a frictional 

force of 270 N. find the acceleration of the object. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 
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3. A force of 100 N is exerted on a 50 kg box and still at rest. If the coefficient of 

static friction is 0.3, calculate the static frictional force. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

4. A constant force of magnitude of 20 N is applied to move a body of mass 4 kg 

from rest on a rough horizontal surface with a friction force of 5 N. Calculate a) 

the coefficient of kinetic friction   b) the acceleration of the body. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

5. A box slides down a 30o incline, with an acceleration of 1.2 m/s2 . Determine 

the coefficient of kinetic friction between the box and the incline. 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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Chapter 4 Work and Energy  

4.1 Work (W) Done by a Constant Force 

Formulas: 

 

 

   

Unit: N.m is called a joule ( J ) 

 F is the magnitude of the force, ∆r is the magnitude of the object’s 

displacement, and θ is the angle between F and ∆r.  

 

 

Example.1  

Find the work done by a force of magnitude 50 N that pushed a particle 4 meter, 

knowing that the force is directed with 60° with particle’s displacement. 

Solution: 

 

 

W=50x4cos60=100J 

cosrFW 
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 Example.2  

 

Calculate the work done when F=(5i+3j+2k) N and Δr = (3i−j+2k) m acting in the 

same direction. 

 Solution:  

 

W = (5i+3j+2k). (3i−j+2k) 

                                  W = (5i+3j+2k). (3i−j+2k) 

 W = 15-3+4 = 16 J 

Practice Questions 

1. Find the work done by a force of magnitude 40 N that caused a particle to move 

6 meters in the same direction of the force? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. A horizontal force F is applied to move a 5 kg carton across the floor. If the 

acceleration of the carton is measured to be 2 m/s2. find work done by the force 

F to move the carton 7 m. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

 

 rF  W



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3. A horizontal force F is applied to move a 6 kg carton across the floor. If the 

carton starts from rest and its speed after 3 seconds is 6 m/s, how much work 

does F do in moving the carton 4 m? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

4.2    Kinetic Energy and the Work–Kinetic Energy Theorem 

Kinetic Energy (KE):  Energy associated with the motion of a body. 

• Kinetic energy is a scalar quantity and it has the unit of (J). 

 

 

Example.1  

 A 7.00 kg object is moving with a velocity of 5.00 m/s.  What is the kinetic 

energy of the object? 

 Solution: 

 

 

Example.2  

What is the speed of an object of 1kg mass with a kinetic energy of 50J? 
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Solution: 

 

 50 = 
1

2
 × 1 × v2 

 v2 = 100  

                                  v = 10 m/s  

Example. 3 

The speed of an object of mass 10 kg increased from 5 m/s to 10 m/s .  Calculate the 

change in kinetic energy of the ball. 

Solution: 

Initial Kinetic Energy KEi  = 
𝟏

𝟐
×m×𝒗𝒊

𝟐  

 KEi = 
𝟏

𝟐
×10× (5)2 = 125 J 

                                           KEi = 125 J 

Finial Kinetic Energy KEf = 
𝟏

𝟐
×m×𝒗𝒇

𝟐  

                                         KEi = 
𝟏

𝟐
×10× (10)2 = 500 J 

 

Change in kinetic energy = 500-125 = 375 J 

    

 Practice Questions 

1. Calculate the kinetic energy of an object of mass 2 kg, moving with a speed 

of 6 m/s. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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2. An object with 2 kg is moving at 4 m/s. How much kinetic energy does it 

have? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

3. A cube of mass 10 kg slows down from a speed of 10 m/s to 5 m/s. Calculate the 

change in kinetic energy of the cube. 
……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

 

4.3 Kinetic Energy and the Work–Kinetic Energy Theorem 

 

Formulas: 

 

 

 

 

 

Example.1 

A boy pulls a 6.0 kg object initially at rest on a smooth floor with a constant 

horizontal force of 12N. Compute the change in kinetic energy of the box after 

the boy has pulled it a distance of 3.0 m. 

Solution: 
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Example.2 

An 8 kg block initially at rest is pulled to the right for 3m with a force of 12N 

over a frictionless surface. Determine its final speed. 

Solution:  

 

 

 

 

 

Practice Questions 

1. An 10 kg block initially at rest is pulled to the right for 5m with a force of 

20N on a frictionless horizontal surface. Determine the final speed of the block. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

 

2. A 2.0 kg block is initially moving at a speed of 5.0 m/s on a rough horizontal 

surface, with K  0.5. Calculate the speed of the block after moving 2.0 m.  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 
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3. A block of mass 5kg is initially at rest on a rough horizontal surface. A force 

of 45N acts on it in a horizontal direction and pushes the block over a distance 

of 2m. The force of friction acting on the block is 25N. find the final kinetic 

energy of the block. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

 

4.4 Potential Energy of a System 

The gravitational potential energy 𝑈𝑔 

𝑈𝑔 depends only on the vertical height of the object above the surface of the 

Earth.  It has the unit joule (J), and it is a scalar quantity. 

Formulas: 

 𝑈𝑔 = 𝑚𝑔𝑦 

 ∆𝑃𝐸 = ∆𝑈𝑔 = 𝑚𝑔𝑦𝑓 − 𝑚𝑔𝑦𝑖 

Work due to gravity is given by: 𝑊 = −∆𝑃𝐸. 

Therefore, for a free fall motion along the y-direction, and ignoring air 

resistance: 

∆𝐾𝐸 = 𝑚𝑔𝑦𝑖 − 𝑚𝑔𝑦𝑓 

Example.1 

A mass of 2 kg is thrown upward from the ground to the height of 10 m. Find 

the potential energy of the object. 
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Solution: 

∆𝑃𝐸 = 𝑚𝑔∆𝑦 

= 2 ×  9.8 × 10 = 196 J 

Example.2 

A box has a mass of 8 kg. The box is lifted from the garage floor and placed on a 

shelf. If the box gains 200 J of Potential Energy, how high is the shelf? 

∆𝑃𝐸 = 𝑚𝑔∆𝑦 

∆𝑦 =  
∆𝑃𝐸

𝑚𝑔
=

200

8 ×   9.8
= 2.55 𝑚 

 

Practice Questions 

1. A mass of 5 kg is thrown upward from the ground to a height of 100 m. Find 

the potential energy of the object. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. A man climbs onto a wall that is 3.6m high and gains 2268 J of potential energy. 

What is the mass of the man? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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3. A box has a mass of 5 kg. The box is lifted from the garage floor and placed 

on a shelf. If the box gains 150 J of Potential Energy, how high is the shelf. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

 

 

 

4.5 Conservation of mechanical energy 

The sum of kinetic and potential energies is  mechanical energy (𝐸𝑚𝑒𝑐) 

Formulas: 

𝐸𝑚𝑒𝑐 = 𝐾𝐸 + 𝑈𝑔 

𝐸𝑓 = 𝐸𝑖 

    𝑲𝒇 + 𝑼𝒇 = 𝑲𝒊 + 𝑼𝒊         

  

 

Example.1 

A diver of mass m drops from a board 10.0 m above the water’s surface. 

Neglecting air resistance, (a) Find his speed 5.0 m above the water surface (b) 

Find his speed as he hits the water. 

Solution: 
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yi = 10 m 

 

 

 

 

 

 

 

 

 

Example.2 

A ball is initially at rest and is dropped from a height of yi (m). Derive the 

formula of the velocity of the ball when it reaches the ground. 

Solution:: 
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Practice Questions. 

1. A block of mass m= 10 kg is released from 

rest at point A and slides on the frictionless 

track shown in Figure. Determine the block's 

speed at points B and C? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. A swimmer with 72.0 kg jumps into a swimming pool from 3.25 m above the 

water. Use energy conservation to find his speed when he just hits the water. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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3. The box in the figure was pushed to the right with an initial speed of 8 m/s. 

Find the speed of the box at point B.  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

4. A skier of mass 60kg at rest slides down a slope. The length along the slope is 

100 m and the skier loses a vertical height of 50 m. If friction is negligible, what 

is the final velocity of the skier at the lower end of the slope? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 
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Chapter 5 Electric field 

5.1 Electric Charges. 

 There are two kinds of charges: positive and negative.  

  Charges of the same signs repel one another and Charges of opposite signs 

attract one another. The unit of charge is coulomb (C). 

 Electric charge is quantized 

q = ±Ne where N = 1,2,....  and e = e = 1.6 × 10-19 C (the charge of one 

electron) 

 

Example.1 

1. Charges of the same sign _________one another and charges with opposite 

signs _________ one another.    

A)  Repel, repel  B) Repel, attract  C) Attract, repel D) Attract, attract     

 

Example.2 

Solution: 

q = ±Ne 

𝑵 =
𝒒

𝒆
=

−3.84 × 10−17 

−1.6 × x10−19
= 𝟏𝟐𝟎 

  

An object has an excess charge of −3.84×10−17 C. How many excess electrons 

does it have? The electron charge is −1.6×10−19 C. 
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Practice Questions 

1. What is the total charge of 8.23 × 1031 of electrons? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. An object has an excess charge of −7.68×10−17 C. How many excess electrons 

does it have? The electron charge is −1.6x10−19 C. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

3. How many electrons need to be removed from a penny to leave it with a 

charge of +1.0×10−7 C? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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5.2 Coulomb’s Law 

The magnitude of the electric force (Fe) 

Formulas: 

 

 

r  is a separation between the particles and q1 and q2 is 

the charges of the particles. ke = 8.987 5 x 109 N.m2/C2  

(Coulomb constant ) 

 

 

 

Example.1 

A point charge of +3.00 × 10−6 C is 12.0 cm distant from a second point charge 

of −1.50 × 10−6 C. Calculate the magnitude of the force on each charge. 

Solution: 

Example.2 

What must be the distance between point charge q1 = 26.0 µC and point charge 

q2 = −47.0 µC for the electrostatic force between them to have a magnitude of 

5.70 N? 
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Solution: 

 

 

 

 

 

Example.3 

Consider three point charges located at the corners of a 

right triangle as shown in Figure 23.7, where q1 = q3 = 

5.0 µC and a = 0.10 m. Find the resultant force exerted 

on q3 .  

Solution: 
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Practice Questions 

1. The magnitude of electron charge is 1.6  10-19 C and of proton charge is also 

1.6  10-19 C. In a hydrogen atom consisting of one electron and one proton 

separated by a distance of approximately 5.3 × 10−11m,  calculate the magnitude 

of the electric force.  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. Two point charges of 2 nC, ˗1 nC are separated by a distance of 1m. Find the   

  the magnitude of electric force between the two charges. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

3. Three point charges lie along a straight line as shown in the figure below, 

where q1= 6.36 μC, q2=1.63 μC, and q3= −1.98 μC. The separation distances 

are d1=0.03m and d2=0.02m. Calculate the magnitude and direction of the net 

electric force on each of the 

charges. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………
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……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

4. Two-point charges of 10 nC, 15 nC are separated by a distance of 10 cm. Find 

the magnitude of electric force between the two charges. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

5.3 Electric field (E) 

Vector quantity and its unit N/C 

Formulas: 

Electric field (E) N/C 

 

 

 

 

 

Electric field is the electric force Fe acting on 

a positive test charge q0 placed at that point 

divided by the test charge: 

 Electric field due to a point charge 

 Electric field due to a group of point 

charges 
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Example.1 

Calculate the electric field strength acting on a 4 µC charge if the electric force 

on this charge was 20 x103 N. 

Solution: 

                                      E = Fe/q 

=
20 × 103

4 × 10−9
= 5 × 109 𝑁/𝐶 

 

Example.2 

Find the magnitude of electric field strength due to a charge of 5 µC at 80 cm. 

Solution: 

 

 

             N/C 

  

Example.3 

The electric field midway between two charges of +3q and −2q is 98.0 N/C and 

the distance between the charges is 0.2 m. What is the value of the q? 

Solution: 
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Practice Questions 

1. Calculate the strength and direction of the electric field due to a point charge of  2.00 

nC (nano-Coulombs) at a distance of 5.00 mm from the charge. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. Two positive charges of 1μC and 2 μC are placed 1 m apart.  Calculate the value of 

the electric field in N/C in the middle point of the line joining the axis. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

3. Calculate the electric field strength acting on a 10 µC charge if the electric 

force on this charge was 100 x103 N. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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4. Three-point charges are fixed in place as shown in the figure below. Determine 

the magnitude of the electric field at point P.  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

5.4 Electric potential (V) 

Electric potential (V) is the amount of work needed to move a unit charge from a 

reference point to a specific point against an electric field. V is a scalar quantity. 

SI unit of both V, and potential difference (∆V) is (V) J/C 

5.4.1 Potential Differences in a 

Uniform Electric Field 

 

Formulas: 

 

 

The change in potential energy of the 

charge-field system is  

 

 

Example. 
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A proton is released from rest in a uniform electric field that has a magnitude of 

8.0 104 V/m (Fig. 25.6). The proton undergoes a displacement of 0.50 m in the 

direction of E.  

(A) Find the change in electric potential between points A and B. 

(b) Find the change in potential energy of the proton–field system for this 

displacement 

Solution: 

(A) 

 

(B) 

 

 

 

Practice Questions. 

1. Two large parallel metal plates are 5.0 cm apart. The magnitude of the electric 

field between them is 800 N/C. 

(a) What is the potential difference between the plates? 

(b) What work is done when one electron is moved from the positive to the negative 

plate? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

 



63 
 

2. A voltmeter measures the potential difference between two large parallel plates 

to be 50.0 volts. The plates are 3.0 cm apart. What is the magnitude of the electric 

field strength between the plates? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

3. The electric potential difference between the ground and a cloud in a particular 

thunderstorm is 1.2 × 109 V. What is the magnitude of the change in energy of an 

electron that moves between the ground and the cloud? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

5.4.2 Electric potential created by a point charge q at any distance 

r from the charge. 

Formulas: 

 

The potential difference between two arbitrary points A and B 

 

 

Example.1 

(a) Find the potential at a distance of 1.00 cm from a proton. (b) What is the 

potential difference between two points that are 1.00 cm and 2.00 cm from 

a proton? 
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Solution: 

Practice Questions. 

1. Calculate the electric potential of a 2.0 nC point charge at a distance 

of 5.0 cm from the charge. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. A charge q1 = 2 C is located at the origin, and a 

charge q2 = -6 C is located at (0, 3) m, as shown in 

Figure. Find the total electric potential due to these 

charges at point P, whose coordinates are (4,0) m 

 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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3. An electric dipole consists of two charges of equal 

magnitude and opposite sign separated by a distance 

2a, as shown in the Figure. The dipole is along the x 

axis and is centred at the origin. Calculate the electric 

potential at point P. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………… 

5.5 Current and Resistance. 

Formulas: 

average current ( Iav) 

Unit is ampere (A): 1 C/s 

Q is the amount of charge 

 

instantaneous current (I) 

Unit is ampere (A): 1 C/s 

 

  

 

Example.1 

If the current in an electric circuit is 1mA, how much charge flows through the 

circuit in 10 second?  
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Solution: 

 

 1x10-3 = Q/10 

 Q= 10-2 C 

Practice Questions 

1. A 2 mm long cross-section of wire is isolated and 20 C of charge passed 

through the wire in 40 s. Calculate the average current. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. Calculate the current through a lamp when a charge of 4 C passes through it in 

500 s. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………….. 
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Formulas 

 

 

Ohm law 

V=voltage  (V)  I = current (A)  R 

=resistance () 

 

 

Resistance  

 is resistivity in ( m), 𝑙 is the length 

of the wire  and A is the cross-section 

area of the wire (m2) 

 σ is Conductivity in Siemens per meter 

(S/m) 

P = I∆V,       P = I2R,         P = 
∆𝑽

𝑹

𝟐
 

P is the Electrical Power 

Watt (W) 

 

Example.1 

The plate of a certain steam iron states that the iron carries a current of 7.40 A 

when connected to a 120 V source. What is the resistance of the steam iron? 

Solution: 

𝑅 =
∆𝑉

𝐼
 =

120

7.4
 = 16.2  

Example.2 

If 750 µA is flowing through 11 k  of resistance, what is the voltage drop 

across the resistor? 

Solution: 

∆𝑉 = 𝐼 𝑅 = 750 × 10−6 × 11 × 103 

 = 8.25 V 

https://www.google.com/search?sxsrf=AJOqlzUu0qWnrq5Sn6DPOhCPHjdtfoYS2g:1678244435915&q=Voltage&stick=H4sIAAAAAAAAAOPgE-LQz9U3SDGqslACs8zjjcy1tLKTrfRTU0qTE0sy8_P00_KLcktzEq2gtEJmbmJ6qkJiXnF5atEjRmNugZc_7glLaU1ac_IaowoXV3BGfrlrXklmSaWQGBcblMUjxcUFt4BnESt7WH5OCdAYAAcJCcSCAAAA&sa=X&ved=2ahUKEwj8oMvbq8v9AhVri_0HHaIzBQ8Q24YFegQIRhAC
https://www.google.com/search?sxsrf=AJOqlzUu0qWnrq5Sn6DPOhCPHjdtfoYS2g:1678244435915&q=Electric&stick=H4sIAAAAAAAAAOPgE-LQz9U3SDGqslACswzL0iq1tLKTrfRTU0qTE0sy8_P00_KLcktzEq2gtEJmbmJ6qkJiXnF5atEjRmNugZc_7glLaU1ac_IaowoXV3BGfrlrXklmSaWQGBcblMUjxcUFt4BnESuHa05qcklRZjIAVVYD04MAAAA&sa=X&ved=2ahUKEwj8oMvbq8v9AhVri_0HHaIzBQ8Q24YFegQIRhAD
https://www.google.com/search?sxsrf=AJOqlzUu0qWnrq5Sn6DPOhCPHjdtfoYS2g:1678244435915&q=Electrical+resistance+and+conductance&stick=H4sIAAAAAAAAAOPgE-LQz9U3SDGqslDi1k_XNzQyysrOKM7R0spOttJPTSlNTizJzM_TT8svyi3NSbSC0gqZuYnpqQqJecXlqUWPGM24BV7-uCcspTtpzclrjOpcXMEZ-eWueSWZJZVCklxsUBa_FC8Xsh08i1hVXXNSk0uKMpMTcxSKUoszi0sS85JB5qYoJOfnAW0H8wGODqoopgAAAA&sa=X&ved=2ahUKEwj8oMvbq8v9AhVri_0HHaIzBQ8Q24YFegQIRhAE
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Example.3 

Calculate the resistance of an aluminium cylinder that is 10 cm long and has a 

cross sectional area of 2x10-4 m2 having a resistivity of 2.82x10-8 .m. Repeat the 

calculation for a cylinder of the same dimensions and made of glass having a 

resistivity of 3x1010 .m. 

Solution: 

 

 

 

Example.4 

A light bulb operating at a voltage of 100 V has a resistance of 200 Ω. How 

much power is dissipated in this bulb? 

Solution: 

                      P = 
∆𝑉

𝑅

2
=

1002

200
= 50 𝑊 

 

Practice Questions  

1.What is the resistance and current through a 100-W light if connected to a 120 

V source? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 



69 
 

2. A cylindrical aluminium wire is 200 x10−3m long and has a cross-sectional area 

of 100x10−4m2 and a resistivity (𝜌) of 2.8×10−8 Ω.m. If a potential difference of 

100 V is applied across the wire, find the following: 

a) The resistance of the wire (𝑅). 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

b) The current in the wire (𝐼) 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

c) The conductivity of aluminium (𝜎). 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

3. A 200 W light bulb is connected across a 100 V dc power supply. What current 

will flow through this bulb? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

 



70 
 

4. Using Ohm's law, find out the current through 25.0 µΩ resistor when it is 

connected across a 100 V dc power supply. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

5. A resistor is constructed of a carbon rod that has a uniform cross-sectional area 

A=5 mm2 . When a potential difference V=15 V is applied across the ends of the 

rod, there is a current I = 4x10−3A passing through the rod. The resistivity of 

carbon =3.5x10-5.m. Find:  

a) the resistance of the rod  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

b) the rod’s length. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

6. A copper wire has a length of 160 m and a diameter of 1.00 mm. If the wire is 

connected to a 1.5-volt battery, how much current flows through the wire? 

Knowing that  of copper = 1.72 10−8 Ω.m. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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5.5.1 Resistor Connection 

Formulas: 

Series connection  parallel connection  

Req is equivalent resistance. 

I will be constant throughout the 

series. 

Req is equivalent resistance. ∆V 

across all of the resistors is constant 

 

 

 

 

 

 

Req is the inverse of above eq. 

 

 

 

 

 

 

Example.1  

Three resistors are connected in parallel. A potential difference of 18.0 V is 

maintained between points a and b. Calculate the equivalent resistance of the 

three resistors, and then calculate the electric current passing through each 

resistance. 
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Solution: 

 

 

 

 

 

 

 

 

 

Practice Questions  

1.Two resistors of 2Ω and 3Ω are connected in series, with a battery of 6.0 V. 

calculate the equivalent resistance and the current through the circuit. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

2. Two resistors 3 Ω and 2 Ω are connected in parallel and a potential difference 

of 12 V is connected across them. Find: 

(A) The equivalent resistance of the parallel combination of the resistors. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………
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…………………………………………………………………………………………………………………………………… 

 

(B) The total current through the circuit. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

(C) The current through each branch. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3. a) Find the equivalent resistance between points a and b in the Figure. (b) If a 

potential difference of 34.0 V is applied between points a and b, calculate the 

current in each resistor. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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5.6 Capacitors 

A capacitor consists of two conductors separated by an insulator and carrying 

charges of equal magnitude but opposite sign (+Q and −Q). 

 

 

Capacitance (C) is the capability of a material object or device to store electric 

charge. C is always positive. The SI unit of capacitance is Farad (F or C/V). 

Fomulas: 

 

 

C for parallel plate capacitors 

 

 

 

 

 

Example.1 

If the maximum amount of charge held by a capacitor at a voltage of 12V is 36- 

C, what is the capacitance of this capacitor? 

Solution: 
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Example.2 

How much charge is stored on each plate of a 4.00 µF capacitor when it is 

connected to a 12.0 V battery? 

Solution: 

Q = CV 

=12x410-6 

Q=48µF 

 

 

Example.3 

A parallel-plate capacitor with air between the plates has an area A =2.0010−4 

m2 and a plate separation d = 1.00 mm. Find its capacitance 

Solution: 

 

 

 

Practice Questions. 

1. If the maximum amount of charge held by a capacitor at a voltage of 10 V is 10 

C, what is the capacitance of this capacitor? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………… 
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2. How much charge is on each plate of a 4.00 µF capacitor when it is connected 

to a 12.0 V battery? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………… 

 

3. Two conducting parallel plates, having net charges of +10 C and -10 C, have 

a potential difference of 10 V between them.  

a) Determine the capacitance of the system.  

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

b) What is the potential difference between the two conductors if the charges on 

each side of the capacitor are increased to +100 C and −100 C? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

 

4. A capacitor consists of two parallel plates, each with an area of 7.60 cm2, 

separated by a distance of 1.8010-3 m. A 20.0 V potential difference is applied 

to these plates. Calculate  
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a) The capacitance of the capacitor, 

…………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………… 

b) The charge on each plate. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

5. If the maximum amount of charge held by a capacitor at a voltage of 6 V is 0.6 

C, what is the capacitance of this capacitor? 

………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………. 

 

5.6.1 Capacitors Connection 

Formulas: 

Series connection  parallel connection  

Ceq is the equivalent capacitance 

Q (the charge) is the same on all of the 

capacitors 

Ceq is the equivalent capacitance 

∆V (the potential difference) is the same 

across all of capacitors 
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Ceq is the inverse of above eq. 

 

 

 

 

  

Example.1 

Find the total capacitance for two capacitors connected in series, given that their individual 

capacitances are 1.0 and 5.0 μF. 

Solution: 

𝟏

𝑪𝒆𝒒

=
𝟏

𝑪𝟏

+
𝟏

𝑪𝟐

+
𝟏

𝑪𝟑

 

𝟏

𝑪𝒆𝒒

=
𝟏

1.0
+

𝟏

5.0
+

𝟏

8.0
=

1.20

𝝁𝑭
 

Inverting gives 

𝑪𝒆𝒒 = 0.83 𝜇𝐹 

 

Example.2 

Three capacitors each of capacitance 1μF are connected in parallel. To this 

combination, a fourth capacitor of capacitance 6 μF is connected in series. The resultant 

capacity of the system is: 
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Solution: 

For parallel 

 

𝑪𝒆𝒒−𝒑 = 𝑪𝟏 + 𝑪𝟐 + 𝑪𝟑 = 𝟑 𝝁𝑭 

 

For series 

 
𝟏

𝑪𝒆𝒒

=
𝟏

𝑪𝒆𝒒−𝒑

+
𝟏

𝟔
=

𝟏

𝟑
+

𝟏

𝟔
 

 
Inverting gives 

𝑪𝒆𝒒 = 𝟐 𝝁𝑭  

 

 

Practice Questions 

1.You have 3 capacitors in series. Their capacitances are 4 μF, 3 μF, and 2μF. 

What is the total capacitance of the system? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. You have 4 capacitors in parallel. Their capacitances are 5 μF, 3 μF, 2 μF,  

and 1 μF. What is the total capacitance of the system? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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3. Four capacitors are connected as shown in figure 

below. Find the equivalent capacitance between points 

a and b. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

4.You have 3 capacitors in series. Their capacitances are 4 μF, 3 μF, and 2μF. 

What is the total capacitance of the system? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

5. Six capacitors are connected as shown in the 

following figure. (a) Find the equivalent 

capacitance between points 𝑎and 𝑏 and (b) 

Find the total charge of the system if 𝛥𝑉𝑎𝑏 =

20 𝑉. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 
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5.6.2 Energy Stored in a charged Capacitor. 

Since capacitors store electric charge, they store electric potential energy U. 

Unit of U is Joule (J) 

Formulas 

 

Example.1 

(a) A 3.00-µF capacitor is connected to a 12.0-V battery. How much energy is 

stored in the capacitor? (b) If the capacitor had been connected to a 6.00-V 

battery, how much energy would have been stored? 

Solution: 

 

 

Example.2 

Assume that an energy of 300 J is to be delivered from a 30.0-µF capacitor. To 

what potential difference must it be charged? 

Solution: 
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Practice Questions 

1. Calculate the energy stored in 2 mF capacitor charged to a potential difference 

of 2 V? 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

2. If the charge stored in a capacitor is 4 nC and the value of capacitance is 2 nF, 

calculate the energy stored in the capacitor. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

3. If the charge in a capacitor is 4C and the energy stored in it is 4J, calculate the 

voltage across its plates. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………… 

 

4. Calculate the charge and energy stored in a capacitor of capacitance 32 μF, 

when it is charged to a potential difference of 0.6 kV. 

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………  


