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Unit 4                       Turning Effects of Force 

Important Formulas 

➢ Resultant Force  

𝐹 = √(𝐹𝑥)2 + (𝐹𝑦)
2
 

➢ Angle  

𝜃 = tan−1 (
𝐹𝑦

𝐹𝑥
) 

➢ x-component of force  

𝐹𝑥 = 𝐹 cos 𝜃 

➢ y-component of force  

𝐹𝑦 = 𝐹 sin 𝜃 

➢ Torque  

𝜏 = 𝑟 × 𝐹 

𝜏 = 𝑟𝐹 sin 𝜃 

➢ 1st Condition of Equilibrium ∑𝐹 = 0    

➢ 2nd Condition of Equilibrium ∑𝜏 = 0 

➢ Principle of moments 

𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 = 𝐴𝑛𝑡𝑖 𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 

➢ Weight 𝑤 = 𝑚𝑔 

4.1. A force of 𝟐𝟎𝟎 𝑵 is acting on a cart at an angle of 

𝟑𝟎° with the horizontal direction. Find the x and y-

components of the force. 

Given Data 

𝐹𝑜𝑟𝑐𝑒 = 𝐹 = 200 𝑁  

𝐴𝑛𝑔𝑙𝑒 = 𝜃 = 30° 

To Find  

𝑥 − 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑜𝑓 𝑓𝑜𝑟𝑐𝑒 = 𝐹𝑥 = ? 

𝑦 − 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑜𝑓 𝑓𝑜𝑟𝑐𝑒 = 𝐹𝑦 = ? 

Solution  

By using formula of 𝐹𝑥 

𝐹𝑥 = 𝐹 cos 𝜃 

𝐹𝑥 = 200 cos 30° 

𝐹𝑥 = (200)(0.866) 
𝑭𝒙 = 𝟏𝟕𝟑. 𝟐 𝑵 

Now by using formula of 𝐹𝑦 

𝐹𝑦 = 𝐹 sin 𝜃 

𝐹𝑦 = 𝐹 sin 𝜃 

𝐹𝑦 = 200 sin 30° 

𝐹𝑦 = (200)(0.5) 

𝑭𝒚 = 𝟏𝟎𝟎 𝑵 

 

 

 

 

4.2. A force of 𝟑𝟎𝟎 𝑵 is applied 

perpendicularly at the knob of a door to 

open it as shown in the given figure. If 

the knob is 𝟏. 𝟐 𝒎 away from the hinge, 

what is the torque applied? Is it positive 

or negative torque? 

Given Data 

𝐹𝑜𝑟𝑐𝑒 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 = 𝐹 = 300 𝑁  

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 ℎ𝑖𝑛𝑔𝑒 = 𝑟 = 1.2 𝑚 

Force is applied perpendicularly, so   𝜃 = 90° 

To Find  

Torque = 𝜏 = ? 

Solution  

By using formula of torque, we have 

𝜏 = 𝑟𝐹 sin 𝜃 

𝜏 = (1.2)(300) sin 90° 

𝜏 = (1.2)(300)(1) 

𝝉 = 𝟑𝟔𝟎 𝑵𝒎 

Since the force turns the door counterclockwise, the 

torque is positive. 

4.3. Two weights are hanging from a metre rule at the 

positions as shown in the given figure. If the rule is 

balanced at its centre of gravity (C.G), find the unknown 

weight w. 

 

Given Data 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑢𝑛𝑘𝑛𝑜𝑤𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑚 𝐶. 𝐺. = 40 𝑐𝑚 

= 40 × 10−2 𝑚 

= 0.4 𝑚  

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 4 𝑁 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑚 𝐶. 𝐺. = 30 𝑐𝑚 

= 30 × 10−2 𝑚 

= 0.3 𝑚 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑛 𝑟𝑖𝑔ℎ𝑡 𝑠𝑖𝑑𝑒 = 4 𝑁  

To Find  

Unknown weight = 𝑤 = ? 

Solution  

According to principle of moments,  

𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 = 𝐴𝑛𝑡𝑖 𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠  

4 × 0.3 = 𝑤 × 0.4 

1.2 = 0.4𝑤 
1.2

0.4
= 𝑤 

3 = 𝑤 
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𝒘 = 𝟑 𝑵 

4.4. A see-saw is balanced with two children sitting near 

either end. Child A weighs 𝟑𝟎 𝒌𝒈 and sits 𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 

away from the pivot, while child B weighs 𝟒𝟎 𝒌𝒈 and sits 

𝟏. 𝟓 𝒎𝒆𝒕𝒓𝒆𝒔 from the pivot. Calculate the total moment 

on each side and determine if the sea-saw is in 

equilibrium. 

Given Data 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑 𝐴 = 𝑚𝐴 = 30 𝑁  

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑 𝐴 𝑓𝑟𝑜𝑚 𝑝𝑖𝑣𝑜𝑡 = 𝑟𝐴 = 2 𝑚 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑 𝐵 = 𝑚𝐵 = 40 𝑘𝑔  

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐ℎ𝑖𝑙𝑑 𝐵 𝑓𝑟𝑜𝑚 𝑝𝑖𝑣𝑜𝑡 = 𝑟𝐵 = 1.5 𝑚 

𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 𝑔 = 10 𝑚𝑠−2  

To Find  

𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑛 𝑒𝑎𝑐ℎ 𝑠𝑖𝑑𝑒 = ? 

𝐷𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒 𝑖𝑓 𝑡ℎ𝑒 𝑠𝑒𝑒 − 𝑠𝑎𝑤 𝑖𝑠 𝑖𝑛 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 = ? 

Solution  

By using formula of the moment (torque) 

Child A's Moment (Clockwise) 

𝜏𝐴 = 𝑟𝐴 × 𝐹 

𝜏𝐴 = 𝑟𝐴 × 𝑤 

𝜏𝐴 = 𝑟𝐴𝑚𝑔             ∵ 𝑤 = 𝑚𝑔 

𝜏𝐴 = (2)(30)(10) 
𝝉𝑨 = 𝟔𝟎𝟎 𝑵𝒎 

Child B's Moment (Anticlockwise) 

𝜏𝐵 = 𝑟𝐵 × 𝐹 

𝜏𝐵 = 𝑟𝐵 × 𝑤 

𝜏𝐵 = 𝑟𝐵𝑚𝑔             ∵ 𝑤 = 𝑚𝑔 

𝜏𝐵 = (1.5)(40)(10) 
𝝉𝑩 = 𝟔𝟎𝟎 𝑵𝒎 

Since both moments are equal and opposite, the see-saw 

is in equilibrium. 𝑖. 𝑒 𝜏𝐴 = 𝜏𝐵 = 600 𝑁𝑚 

4.5. A crowbar is used 

to lift a box as shown 

in the given figure. If 

the downward force 

of 250 N is applied at 

the end of the bar, 

how much weight does the other end bear? The crowbar 

itself has negligible weight. 

Given Data 

𝐷𝑜𝑤𝑛𝑤𝑎𝑟𝑑 𝑓𝑜𝑟𝑐𝑒 = 𝐹1 = 250 𝑁 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑝𝑖𝑣𝑜𝑡 𝑡𝑜 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑 𝑓𝑜𝑟𝑐𝑒 = 𝑟1

= 30 𝑐𝑚 

𝑟1 = 30 × 10−2 𝑚 

𝑟1 = 0.3 𝑚 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑙𝑜𝑎𝑑 𝑓𝑟𝑜𝑚 𝑝𝑖𝑣𝑜𝑡 = 𝑟2 = 5 𝑐𝑚 

𝑟2 = 5 × 10−2 𝑚 

𝑟2 = 0.05 𝑚  

To Find  

Weight bear at other end = 𝐹2 = ? 

Solution  

According to principle of moments,  

𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 = 𝐴𝑛𝑡𝑖 𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠  

𝑟1 ∙ 𝐹1 = 𝑟2 ∙ 𝐹2 
(0.3)(250) = (0.05)(𝐹2) 
(0.3)(250)

0.05
= 𝐹2 

15000 = 𝐹2 

𝑭𝟐 = 𝟏𝟓𝟎𝟎𝟎 𝑵 

4.6. A 30 cm long 

spanner is used to 

open the nut of a car. 

If the torque required for it is 150 N m, how much force 

F should be applied on the spanner as shown in the 

given figure. 

Given Data 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑝𝑎𝑛𝑛𝑒𝑟 = 𝑟 = 30 𝑐𝑚 

𝑟 = 30 × 10−2 𝑚 

𝑟 = 0.3 𝑚 
Torque = 𝜏 =  150 𝑁𝑚 

To Find  

Force = 𝐹 = ? 

Solution  

By using formula of torque, we have 

𝜏 = 𝑟𝐹 
(150) = (0.3)(𝐹) 
150

0.3
= 𝐹 

500 = 𝐹 
𝑭 = 𝟓𝟎𝟎 𝑵 

4.7. A 𝟓 𝑵 ball hanging from a 

rope is pulled to the right by a 

horizontal 𝒇𝒐𝒓𝒄𝒆 𝑭. The rope 

makes an angle of 𝟔𝟎° with the 

ceiling, as shown in the given 

figure. Determine the 

magnitude of 𝒇𝒐𝒓𝒄𝒆 𝑭 and 

𝒕𝒆𝒏𝒔𝒊𝒐𝒏 𝑻 in the string. 

Given Data 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑎𝑙𝑙 = 𝑤 = 5 𝑁  

𝐴𝑛𝑔𝑙𝑒 𝑤𝑖𝑡ℎ 𝑐𝑒𝑖𝑙𝑖𝑛𝑔 = 𝜃 = 60° 

To Find  

𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 = 𝐹 = ? 

𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑖𝑛 𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑇 = ? 
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Solution  

The tension 𝑇 in the rope has two components 𝑖. 𝑒 

𝑇𝑥 = 𝑇 cos 𝜃 

𝑇𝑦 = 𝑇 sin 𝜃 

The upward force 𝑇𝑦 equals the ball's weight 𝑤 because 

it is in balance. 

𝑇𝑦 = 𝑤 

𝑇 sin 𝜃 = 𝑤 

𝑇 sin 60° = 5 

𝑇 =
5

sin 60°
 

𝑇 =
5

0.866
 

𝑻 = 𝟓. 𝟖 𝑵 

The horizontal force 𝐹 is equal to the tension’s horizontal 

part 𝑇𝑥 

𝐹 = 𝑇𝑥 

𝐹 = 𝑇 cos 𝜃 

𝐹 = (5.8) cos 60° 

𝐹 = (5.8)(0.5) 
𝑭 = 𝟐. 𝟗 𝑵  

4.8. A signboard is suspended by 

means of two steel wires as shown in 

the given figure. If the weight of the 

board is 𝟐𝟎𝟎 𝑵, what is the tension 

in the strings? 

Given Data 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑜𝑎𝑟𝑑 = 𝑤 = 200 𝑁  

To Find  

𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑖𝑛 𝑓𝑖𝑟𝑠𝑡 𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑇1 = ? 
𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑 𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑇2 = ?  

Solution  

Since wires are symmetrically placed so tension in each 

string will be equal 𝑖. 𝑒 𝑇 = 𝑇1 = 𝑇2 

As signboard is in equilibrium. So 

𝑇 = 𝑤 

𝑇1 + 𝑇2 = 𝑤 

𝑇 + 𝑇 = 200 

2𝑇 = 200 

𝑇 =
200

2
 

𝑇 = 100 𝑁 

𝑻𝟏 = 𝟏𝟎𝟎 𝑵 
𝑻𝟐 = 𝟏𝟎𝟎 𝐍 

4.9. One girl of 𝟑𝟎 𝒌𝒈 mass sits 𝟏. 𝟔 𝒎 from the axis of 

a see-saw. Another girl of mass 𝟒𝟎 𝒌𝒈 wants to sit on 

the other side, so that the see-saw may remain in 

equilibrium. How 𝒇𝒂𝒓 𝒂𝒘𝒂𝒚 𝒇𝒓𝒐𝒎 the axis, the other 

girl may sit? 

Given Data 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑟𝑠𝑡 𝑔𝑖𝑟𝑙 = 𝑚1 = 30 𝑘𝑔 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑓𝑖𝑟𝑠𝑡 𝑔𝑖𝑟𝑙 𝑓𝑟𝑜𝑚 𝑎𝑥𝑖𝑠 = 𝑟1 = 1.6 𝑚 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑒𝑐𝑜𝑛𝑑 𝑔𝑖𝑟𝑙 = 𝑚2 = 40 𝑘𝑔 

To Find  

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑒𝑐𝑜𝑛𝑑 𝑔𝑖𝑟𝑙 𝑓𝑟𝑜𝑚 𝑎𝑥𝑖𝑠 = 𝑟2 = ? 

Solution  

According to principle of moments,  

𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 = 𝐴𝑛𝑡𝑖 𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠  

𝑟1 ∙ 𝐹1 = 𝑟2 ∙ 𝐹2 

𝑟1 ∙ 𝑚1𝑔 = 𝑟2 ∙ 𝑚2𝑔 
(1.6)(30)(10) = (𝑟2)(40)(10) 
(1.6)(30)(10)

(40)(10)
= 𝑟2 

1.2 = 𝑟2 

𝒓𝟐 = 𝟏. 𝟐 𝒎 

4.10. Find the tension in each string 

of the as shown in the given figure, if 

the block weighs 150 N. 

Given Data 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑙𝑜𝑐𝑘 = 𝑤 = 150 𝑁  

To Find  

𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑖𝑛 𝑓𝑖𝑟𝑠𝑡 𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑇1 = ? 

𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑 𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑇2 = ?  

Solution  

 

As block is in equilibrium. So, the vertical component 

of 𝑇1 balances the weight 𝑤  

𝑇1 sin 𝜃 = 𝑤 

𝑇1 sin 60° = 150 

𝑇1 =
150

sin 60°
 

𝑇1 =
150

0.866
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𝑻𝟏 = 𝟏𝟕𝟑. 𝟐𝟏 𝑵 

Now, the horizontal component of 𝑇1 is balanced by 𝑇2  

𝑇1 cos 𝜃 = 𝑇2 

𝑇1 cos 60° = 𝑇2 

(173.21) cos 60° = 𝑇2 
(173.21)(0.5) = 𝑇2 

86.6 = 𝑇2 
𝑻𝟐 = 𝟖𝟔. 𝟔 𝑵 
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