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Unit 2                                               Kinematics 

Important Formulas 
➢ Distance    𝑆 = 𝑣𝑎𝑣 × 𝑡 

➢ Average acceleration 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 

𝑇𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
 

𝒂𝒂𝒗 =
𝒗𝒇 − 𝒗𝒊

𝑡
 

➢ First Equation of Motion  
 𝑣𝑓 = 𝑣𝑖 + 𝑎𝑡 

➢ Second Equation of Motion  

𝑆 = 𝑣𝑖𝑡 +
1

2
𝑎𝑡2 

➢ Third Equation of Motion   

2𝑎𝑆 = 𝑣𝑓
2 − 𝑣𝑖

2 

➢ To concert 𝑚𝑠−1 to 𝑘𝑚ℎ−1 multiply speed with 

𝟑. 𝟔 

➢ To concert 𝑘𝑚ℎ−1 to 𝑚𝑠−1 multiply speed with 
𝟏𝟎

𝟑𝟔
 

➢ First Equation of Motion Body Moving Under 

Gravity  𝑣𝑓 = 𝑣𝑖 + 𝑔𝑡 

➢ Second Equation of Motion Body Moving Under 

Gravity  ℎ = 𝑣𝑖𝑡 +
1

2
𝑔𝑡2 

➢ Third Equation of Motion Body Moving Under 

Gravity  2𝑔ℎ = 𝑣𝑓
2 − 𝑣𝑖

2 

➢ For bodies falling down freely value of 𝒈 is 

positive and 𝑣𝑖 = 0 

➢ For bodies moving upward value of 𝒈 is negative 

and 𝑣𝑓 = 0 

2.1 Draw the representative lines of the following 
vectors:  

(a) A velocity of 𝟒𝟎𝟎 𝒎𝒔−𝟏 making an angle of 𝟔𝟎∘ 
with 𝒙-𝒂𝒙𝒊𝒔.  

(b) A force of 𝟓𝟎 𝑵 making an angle of 𝟏𝟐𝟎∘ with  
𝒙-𝒂𝒙𝒊𝒔. 

Solution 
(a) A velocity of 400 𝑚𝑠−1 making an angle of 60∘ with 
𝑥-𝑎𝑥𝑖𝑠. 
(i) Draw horizontal and 

vertical lines to 
represent  𝑥-𝑎𝑥𝑖𝑠 
and 𝑦-𝑎𝑥𝑖𝑠 as 
shown in figure (a). 

(ii) Select a suitable 
scale  
If  100 𝑚𝑠−1 = 1 𝑐𝑚  
then 400 𝑚𝑠−1 = 4 𝑐𝑚 

(iii) Draw 4 𝑐𝑚 line 𝑂𝑄 
at angle of 60∘ with 
positive 𝑥-𝑎𝑥𝑖𝑠. The 

𝑂𝑄 is vector 𝑉⃗ . 
(b) A velocity of 50 𝑁 making an angle of 120∘ with 𝑥-
𝑎𝑥𝑖𝑠. 

(i) Draw horizontal 
and vertical lines 
to represent  𝑥-
𝑎𝑥𝑖𝑠 and 𝑦-𝑎𝑥𝑖𝑠 as 
shown in figure 
(b). 

(ii) Select a suitable 
scale  
If  10 𝑁 = 1 𝑐𝑚  
then 50𝑁 = 5 𝑐𝑚 

(iii) Draw 5 𝑐𝑚 line 
𝑂𝑄 at angle of 

120∘ with 𝑥-𝑎𝑥𝑖𝑠. The 𝑂𝑄 is vector 𝐹 . 

2.2 A car is moving with an average speed of 𝟕𝟐 𝒌𝒎𝒉−𝟏. 
How much time will it take to cover a distance of 
𝟑𝟔𝟎 𝒌𝒎? 
Given Data 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑐𝑎𝑟 = 𝑣𝑎𝑣 = 72 𝑘𝑚ℎ−1 
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑆 = 360 𝑘𝑚 

To Find  
𝑇𝑖𝑚𝑒 = 𝑡 = ? 

Solution 
By using formula of distance 

𝑆 = 𝑣𝑎𝑣 × 𝑡 
360 = 72 × 𝑡 
360

72
= 𝑡 

5 = 𝑡 
𝒕 = 𝟓 𝒉𝒓 

2.3 A truck starts from rest. It reaches a velocity of 

𝟗𝟎 𝒌𝒎𝒉−𝟏 in 𝟓𝟎 𝒔𝒆𝒄𝒐𝒏𝒅𝒔. Find its average 
acceleration. 
Given Data 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡𝑟𝑢𝑐𝑘 = 𝑣𝑖 = 0 𝑘𝑚ℎ−1 
𝐹𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑓 = 90 𝑘𝑚ℎ−1 

𝑣𝑓 = 90 ×
10

36
 𝑚𝑠−1 

𝑣𝑓 = 25 𝑚𝑠−1 

𝑇𝑖𝑚𝑒 = 𝑡 = 50 𝑠 
To Find  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑎𝑎𝑣 = ? 
Solution 
By using formula of average acceleration 

𝑎𝑎𝑣 =
𝑣𝑓 − 𝑣𝑖

𝑡
 

𝑎𝑎𝑣 =
25 − 0

50
 

𝑎𝑎𝑣 =
25

50
 

𝒂𝒂𝒗 = 𝟎. 𝟓 𝒎𝒔−𝟐 

2.4 A car passes a green traffic signal while moving with 

a velocity of 𝟓 𝒎𝒔−𝟏. It then accelerates to 𝟏. 𝟓 𝒎𝒔−𝟐. 
What is the velocity of car after 𝟓 𝒔𝒆𝒄𝒐𝒏𝒅𝒔? 
Given Data 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑐𝑎𝑟 = 𝑣𝑖 = 5 𝑚𝑠−1 
𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑎 = 1.5 𝑚𝑠−2 

𝑇𝑖𝑚𝑒 = 𝑡 = 5 𝑠 
To Find  

𝐹𝑖𝑛𝑎𝑙 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑓 = ? 
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Solution 
By using first equation of motion 

𝑣𝑓 = 𝑣𝑖 + 𝑎𝑡 

𝑣𝑓 = 5 + (1.5)(5) 

𝑣𝑓 = 5 + 7.5 

𝒗𝒇 = 𝟏𝟐. 𝟓 𝒎𝒔−𝟏 

2.5 A motorcycle initially travelling at 𝟏𝟖 𝒌𝒎𝒉−𝟏 

accelerates at constant rate of 𝟐 𝒎𝒔−𝟐. How far will the 
motorcycle go in 𝟏𝟎 𝒔𝒆𝒄𝒐𝒏𝒅𝒔? 
Given Data 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑖 = 18 𝑘𝑚ℎ−1 

𝑣𝑖 = 18 ×
10

36
 𝑚𝑠−1 

𝑣𝑖 = 5 𝑚𝑠−1 
𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑎 = 2 𝑚𝑠−2 

𝑇𝑖𝑚𝑒 = 𝑡 = 10 𝑠 
To Find  

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 = 𝑆 = ? 
Solution 
By using second equation of motion 

𝑆 = 𝑣𝑖𝑡 +
1

2
𝑎𝑡2 

𝑆 = (5)(10) +
1

2
(2)(10)2 

𝑆 = 50 +
1

2
(2)(100) 

𝑆 = 50 + 100 
𝑺 = 𝟏𝟓𝟎 𝒎 

2.6 A wagon is moving on the road with a velocity of 

𝟓𝟒 𝒌𝒎𝒉−𝟏. Brakes are applied suddenly. The wagon 
covers a distance of 𝟐𝟓 𝒎 before stopping. Determine 
the acceleration of the wagon. 
Given Data 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑔𝑜𝑛 = 𝑣𝑖 = 54 𝑘𝑚ℎ−1 

𝑣𝑖 = 54 ×
10

36
 𝑚𝑠−1 

𝑣𝑖 = 15 𝑚𝑠−1 
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑐𝑜𝑣𝑒𝑟𝑑 = 𝑆 = 25 𝑚 
𝐹𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑓 = 0 𝑚𝑠−1 

To Find  
𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑎 = ? 

Solution 

By using third equation of motion 

2𝑎𝑆 = 𝑣𝑓
2 − 𝑣𝑖

2 

2(𝑎)(25) = (0)2 − (15)2 

50(𝑎) = 0 − 225 

𝑎 =
−225

50
 

𝒂 = −𝟒. 𝟓 𝒎𝒔−𝟐 

2.7 A stone is dropped from a height of 𝟒𝟓 𝒎. How long 
will it take to reach the ground? What will be its velocity 
just before hitting the ground? 
Given Data 

𝐻𝑒𝑖𝑔ℎ𝑡 = ℎ = 45 𝑚 
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑖 = 0 𝑚𝑠−1 

𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 𝑔 = 10 𝑚𝑠−2 
𝑇𝑖𝑚𝑒 = 𝑡 = 5 𝑠 

To Find  
𝑇𝑖𝑚𝑒 𝑡𝑜𝑟𝑒𝑎𝑐ℎ 𝑔𝑟𝑜𝑢𝑛𝑑 = 𝑡 = ? 

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑗𝑢𝑠𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 ℎ𝑖𝑡𝑡𝑖𝑛𝑔 𝑔𝑟𝑜𝑢𝑛𝑑 = 𝑣𝑓 = ? 

Solution 
By using second equation of motion body moving under 
gravity 

ℎ = 𝑣𝑖𝑡 +
1

2
𝑔𝑡2 

45 = (0)(𝑡) +
1

2
(10)(𝑡)2 

45 = 0 + 5(𝑡)2 
45 = 5(𝑡)2 
45

5
= 𝑡2 

9 = 𝑡2 

√9 = √𝑡2 
3 = 𝑡 
𝒕 = 𝟑 𝒔 

Now for final velocity by using first equation of motion 
under gravity  

 𝑣𝑓 = 𝑣𝑖 + 𝑔𝑡 

 𝑣𝑓 = 0 + (10)(3) 

𝑣𝑓 = 0 + 30 

𝒗𝒇 = 𝟑𝟎 𝒎𝒔−𝟏 

2.8 A car travels 𝟏𝟎 𝒌𝒎 with an average velocity of 

𝟐𝟎 𝒎𝒔−𝟏. Then it travels in the same direction through 

a diversion at an average velocity of 𝟒 𝒎𝒔−𝟏 for the next 
𝟎. 𝟖 𝒌𝒎. Determine the average velocity of the car for 
the total journey. 
Given Data 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑑 = 𝑆1 = 10 𝑘𝑚 
𝑆1 = 10 × 103 𝑚 
𝑆1 = 10000 𝑚 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣1 = 20 𝑚𝑠−1 
𝑁𝑒𝑥𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑑 = 𝑆2 = 0.8 𝑘𝑚 

𝑆2 = 0.8 × 103 𝑚 
𝑆2 = 800 𝑚 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣2 = 4 𝑚𝑠−1 
To Find  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 𝑗𝑜𝑢𝑟𝑛𝑒𝑦 = 𝑣𝑎𝑣 = ? 
Solution 

For 𝑆1 time taken by using formula 𝑆 = 𝑣𝑡 

𝑡1 =
𝑆1

𝑣1
 

𝑡1 =
10000

20
 

𝑡1 = 500 𝑠  
For 𝑆2 time taken  

𝑡2 =
𝑆2

𝑣2
 

𝑡2 =
800

4
 

𝑡2 = 200 𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 = 𝑡 = 𝑡1 + 𝑡2 

𝑡 = 500 + 200 

𝑡 = 700 𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑆 = 𝑆1 + 𝑆2 

𝑆 = 10000 + 800 
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𝑆 = 10800 𝑚 

Now by using formula of distance 

𝑆 = 𝑣𝑎𝑣 × 𝑡 

10800 = 𝑣𝑎𝑣 × 700 
10800

700
= 𝑣𝑎𝑣  

15.4 = 𝑣𝑎𝑣  

𝒗𝒂𝒗 = 𝟏𝟓. 𝟒 𝒎𝒔−𝟏 

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

𝑇𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 = 𝑡 = 5 𝑠 
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑖 = 0 𝑚𝑠−1 

𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 𝑔 = 10 𝑚𝑠−2 
To Find  

𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡𝑜𝑤𝑒𝑟 = ℎ = ? 
𝐹𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑓 = ? 

Solution 
By using second equation of motion body moving under 
gravity 

ℎ = 𝑣𝑖𝑡 +
1

2
𝑔𝑡2 

ℎ = (0)(5) +
1

2
(10)(5)2 

ℎ = 0 + (5)(25) 
𝒉 = 𝟏𝟐𝟓 𝒎 

Now for final velocity by using first equation of motion 
under gravity  

 𝑣𝑓 = 𝑣𝑖 + 𝑔𝑡 

 𝑣𝑓 = 0 + (10)(5) 

 𝒗𝒇 = 𝟓𝟎 𝒎𝒔−𝟏 

2.10 A cricket ball is hit so that it travels straight up in 
the air. An observer notes that it took 𝟑 𝒔𝒆𝒄𝒐𝒏𝒅𝒔 to 
reach the highest point. What was the initial velocity of 
the ball? If the ball was hit 𝟏 𝒎 above the ground, how 
high did it rise from the ground? 
Given Data 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑟𝑒𝑎𝑐ℎ 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑝𝑜𝑖𝑛𝑡 = 𝑡 = 3 𝑠 
𝐹𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑓 = 0 𝑚𝑠−1 

𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 𝑔 = −10 𝑚𝑠−2  
To Find  

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑣𝑖 = ? 
𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑎𝑙𝑙 1 𝑚 𝑎𝑏𝑜𝑣𝑒 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑛𝑑 = ℎ𝑡 = ? 

Solution 
For initial velocity by using first equation of motion under 
gravity  

 𝑣𝑓 = 𝑣𝑖 + 𝑔𝑡 

 0 = 𝑣𝑖 + (−10)(3) 

 0 = 𝑣𝑖 − 30 

30 = 𝑣𝑖 

𝒗𝒊 = 𝟑𝟎 𝒎𝒔−𝟏 

Now by using second equation of motion body moving 
under gravity 

ℎ = 𝑣𝑖𝑡 +
1

2
𝑔𝑡2 

ℎ = (30)(3) +
1

2
(−10)(3)2 

ℎ = 90 + (−5)(9) 
ℎ = 90 − 45 
ℎ = 45 𝑚 

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡 = ℎ𝑡 = ℎ𝑔𝑎𝑖𝑛 + ℎ𝑖𝑛𝑖𝑡𝑖𝑎𝑙 

ℎ𝑡 = 45 𝑚 + 1 𝑚 
𝒉𝒕 = 𝟒𝟔 𝒎 

 

 

https://hira-science-academy.github.io/

