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Torque on a Particle about a point

1. Torque i s  the  rotat ional  equivalent  of  
force.  I t  causes  angular accelerat ion 
qui te  the  way force cause  l inear 
accelerat ion

2. In  a  way,  torque measures  the  rotat ional  
force' s  effect iveness  in  causing  angular 
accelerat ion.  

▪ A larger torque leads  to  a  greater 
tendency  f� rotat ion

.
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τ  

Torque vect� points  
perpendicular to  the  force vect�. 
(unexpected !)
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Torque on a Particle about a point
.

3. I t  can be  calculated with respect  to  any  
reference  point

▪ I t  i s  not  necessary  to  have  a physical  
connect ion to  the  force

▪ Example  -  torque on a part ic le  moving  
along any trajectory relat ive  to  a  f ixed 
point  "O"

▪ The  path of  mot ion does  not  have to  be  a  
c ircle.

.

4. Torque,  being  a  vect�, can point  in  any  
direct ion depending  on the  s i tuat ion.
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Here torque i s  being  calculated about  
"O".  I t  can be  found at  any  point  of  the  
trajectory of  the  part ic le
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Defining Torque Mathematically

w w w .T h e S c i e n c e C u b e . c o m

1. Consider a part ic le  at  point  A in  the  xy  p lane with 
a force F act ing  on i t  ,  then -
◦ I f  the  posit ion vect� of  the  part ic le  i s  r,  the  

torque relat ive  to  a  f ixed point  O i s  g iven by
       
      τ  =  r  ×  F               (cross product)

      τ  =  |r |  |F|  s in  ɸ     (Magnitude )  

2.  Key  points  t o  remember:
▪ Torque i s  a  vect� quant i ty,  
▪ I t  i s  a lways  perpendicular to  the  plane formed by  r  and F
▪ Order of  cross product  i s  r  ×  F,  not  F  ×  r
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 finding the Direction of Torque

The  direct ion of  torque i s  determined using  
the  r ight -hand rule:

a. Align the  vectors tai l- to -tai l .  

b. Point  your right -hand f ingers  in  the  
direct ion of  r  ( the  posit ion vect�)

c. Sweep them towards  F
d. Your thumb points  in  the  direct ion of  

torque

Fs
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Why Do We Use sin(ɸ)?
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1. The  cross product  isolates  the  
part  of  F  that  i s  perpendicular to  
r  i .e.  Fsin ɸ

2. Only  the  perpendicular force 
component  contributes  to  
rotat ion.

3. I f  F  i s  paral le l  t o  r,  there  i s  no  
perpendicular component  →  No  
torque →  No  rotat ion.
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Perpendicular Force (F⊥ ) Component

Perpendicular force component  method  
i s  another way to  interpret  torque:

   τ  =  r  F  s in  ɸ    
   F⊥ = F s in  ɸ  
   
    τ  =  r  F⊥ 

This  can be  interpreted as  F⊥ i s  the  only  
effect ive  push causing  rotat ion
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Moment Arm (r⊥) Approach
Moment  arm component  method  i s  
another way to  interpret  torque:

      τ  =  r  F  s in  ɸ    
      r⊥ = r  sin  ɸ   

       τ  =  r ⊥ F

r ⊥  (moment  arm) i s  the  perpendicular 
distance  from point  O to  the  l ine  of  act ion 
of  F

This  can be  interpretted as  -  A  larger 
moment  arm (r⊥) makes  i t  easier  to  
rotate
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key formulas & equations

Equation When to Use Notes

τ = r × F General definition of torque as a vect� 
quantity.

Torque is found as the cross product of r 
and F. Order matters: r × F, not F × r.

τ = r F⊥  sin ɸ To calculate the magnitude of torque using 
the angle between r and F.

ɸ is the smaller angle between r and F. If 
ɸ = 0, torque is zero (no rotation).

τ = r F⊥ To determine torque using the perpendicular 
component of force.

F⊥ = F sin ɸ, which represents the 
perpendicular component of force that 
contributes to rotation.

τ = r⊥ F To determine torque using the moment arm 
(shortest distance between point O and 
force).

r⊥ = r sin ɸ, which represents the moment 
arm affecting the torque.



Common Mistakes and Misconceptions

1.  Misconcept ion:  Torque and Force are  Ident ical
Clarif icat ion:  Whi le  both torque and force inf luence  an object' s  mot ion,  
they  are  dist inct  concepts.  Force causes  l inear motion,  whereas  torque 
causes  rotat ional  motion.  Torque i s  the  product  of  force and the  
perpendicular distance  from the  pivot  point  ( lever arm).  

2.  Misconcept ion:  Torque i s  Always in  the  Plane of  Rotat ion
Clarif icat ion:  Torque i s  a  vect� quant i ty  resul t ing  from the  cross product  
of  the  posit ion vect� and the  force vect�. I t s  d irect ion i s  perpendicular to  
the  plane formed by  these  vectors,  as  determined by  the  r ight -hand rule.
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Common Mistakes and Misconceptions
3. Misconcept ion:  Torque & Energy are  Same Because They  Share Same Units
Clarif icat ion:  Al though torque and energy both have uni t s  o f  Newton -meters  
(N·m),  they  represent  different  physical  quant i t ies.  Energy i s  a  scalar quant i ty  
measuring  the  capaci ty  t o  perform work, whi le  torque i s  a  vect� quant i ty  
measuring  the  tendency  of  a  force to  cause  rotat ional  motion.
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4.  Misconcept ion:  Increasing  Force Always Increases  Torque
Clarif icat ion:  Torque depends  not  only  on the  magnitude of  the  appl ied force but  
also  on the  lever arm's  length and the  angle  between the  force and the  lever 
arm. Applying  force c loser to  the  pivot  point  � at  a  less  effect ive  angle  can 
resul t  in  less  torque,  even i f  the  force magnitude increases.
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Common Mistakes and Misconceptions

5. Misconcept ion:  Torque and Force Have the  Same Direct ion
Clarif icat ion:  Torque i s  a  vect� quant i ty  resul t ing  from the  cross product  
of  the  posit ion vect� (r)  and the  force vect� (F).  I t s  d irect ion i s  
perpendicular to  the  plane formed by  these  vectors,  as  determined by  the  
r ight -hand rule.  Therefore,  torque does  not  necessari ly  have  the  same 
direct ion as  the  appl ied force
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