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Force of Friction 
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 الحركة اتجاه عكس دائما   القوة هذه واتجاه  f بالرمز لها ويرمز force of friction  االحتكاك قوة
 .المتحركة األسطح خشونة عن ناتجة وهي

 

Force of Friction 
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� When an object is in motion on a surface or through a 
viscous medium, there will be a resistance to the motion. 
This resistance is called the force of friction 

� This is due to the interactions between the object and its 
environment 

� We will be concerned with two types of frictional force 

�Force of static friction: fs 

�Force of kinetic friction: fk 

� Direction: opposite the direction of the intended motion 

�If moving: in direction opposite the velocity 

�If stationary: in direction of the vector sum of other forces 



7/30/2013 

3 

Dr. Hazem Falah Sakeek    www.hazemsakeek.net    &   www.physicsacademy.org 5 

 لألجسام االحتكاك قوة أن لوحظ العملية التجارب من
  .المتحركة لألجسام االحتكاك قوة من أكبر الساكنة

  static frictionاالحتكاك السكوني 
 kinetic frictionاالحتكاك الحركي 

No motion 

Constant  
velocity 

Acceleration 

Static Friction 
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Static friction acts to keep 
the object from moving 
If  F  increases, so does fs  
If  F  decreases, so does fs 

 

ƒs d µs N  
 

µs Coefficient of static 
friction 
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Kinetic Friction 
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The force of kinetic 
friction fk acts when the 
object is in motion 

 
ƒk = µk N 

 
µk Coefficient of kinetic 
friction 
 

Explore Forces of Friction 
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Vary the applied force 
Note the value of the 
frictional force 
Note what happens 
when the can starts to 
move 

 دائما يكون الحركي االحتكاك معامل
 السكوني االحتكاك معامل من أكبر

 .وحدة له ليس االحتكاك ومعامل
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Summary 
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Force of friction 

Static of friction 

fs = Ps N 

Kinetic of friction 

fk = Pk N 

 االحتكاك معامل تسمى P حيث�
   Coefficient of static friction، Ps تسمى السكوني االحتكاك حالة في�
 .Coefficient of kinetic friction, Pk تسمى الحركي االحتكاك حالة في�

Evaluation of the Force of Friction  
Case (1) when a body slides on a 
horizontal surface 
 
 
 
 
Case (2) when a body slides on an 
inclined surface 
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fk = Pk N 
Since    N = mg   

fk = Pk mg 

fk = Pk N 

Since    N =mg cosT   
fk = Pk mg cosT 
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Example 1 
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Suppose a block with a 
mass of 2.50 kg is 
resting on a ramp. If the 
coefficient of static 
friction between the 
block and ramp is 0.350, 
what maximum angle 
can the ramp make with 
the horizontal before the 
block starts to slip 
down? 

Solution 
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Newton 2nd law: 
 
 
 
Then 
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Example 2 
A 3kg block starts from rest at the top of 30o incline and slides 
a distance of 2m down the incline in 1.5s.  
Find (a) the acceleration of the block,  

         (b) the coefficient of kinetic friction between the block and the plane,  

         (c) the friction force acting on the block, and  

         (d) the speed of the block after it has slid 2m. 
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Solution 
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Given m = 3kg, T = 30o,  x = 2m,  t = 1.5s 

mg sin30 - f = ma �  f = m(g sin30 -a) �  f  = 9.37N 

N - mg cos30 = 0 � N = mg cos30 

f = 9.37N 

368.0  
N
f

kP

v2 = vo
2 + 2a (x-xo) 

v2 = 0 + 2(1.78)(2) = 7.11m2/s2 

v = 2.67m/s 
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Example 3 
Two blocks are connected by a light string over a 
frictionless pulley as shown in Figure.  The 
coefficient of sliding friction between m1 and the 
surface is P.  Find the acceleration of the two 
blocks and the tension in the string. 

Solution  
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Consider the motion of m1.  Since its 
motion to the right, then T>f.  If T were 
less than f, the blocks would remain 
stationary. 
 

¦Fx (on m1) = T - f = m1a 
¦Fy (on m1) = N - m1g = 0 

N = m1g 
 

Since                    f = PN,  
f = P m1g 
 

Then 
T - P m1g = m1a 
T = m1a + P m1g  

T = m1(a+Pg)     (1) 
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For m2, the motion is downward, therefore m2g>T.  Note 
that T is uniform through the rope.  That is the force 
which acts on the right is also the force which keeps m2 
from free falling. The equation of motion for m2 is: 
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¦Fy (on m2) = T - m2g = - m2a      
 T = m2(g-a)    (2) 

Equating equation (1) and (2) 
 m1(a+Pg) = m2(g-a) 

T = m1(a+Pg)     (1) 
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Example 4 
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A block of mass m1 on a rough, horizontal surface is 
connected to a ball of mass m2 by a lightweight cord over a 
lightweight, frictionless pulley as shown in figure. A force of 
magnitude F at an angle θ with the horizontal is applied to the 
block as shown and the block slides to the right. The 
coefficient of kinetic friction between the block and surface is 
μk. Find the magnitude of acceleration of the two objects. 
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For m1:  

a 

a 

Example 5 
A cart is loaded with bricks has a total mass of 18kg and is pulled at 
constant speed by a rope.  The rope is inclined at 20o above the horizontal 
and the cart moves on a horizontal plane.  The coefficient of kinetic 
friction between the ground and the cart is 0.5 

What is the tension in the rope? When the cart is moved 20m. 
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SOLUTION 

TcosT - f = 0     (1) 

N + TsinT - mg = 0    (2) 

f = PN = P(mg - TsinT)   (3) 

Substitute (3) in (1) 

 TcosT - P(mg - TsinT) = 0 

NmgT 4.79
sincos

 
�

 ?
TPT

P
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TcosT  

TsinT 

EXAMPLE  
A coin is placed 30cm from the centre of a rotating, 
horizontal turntable.  The coin is observed to slip 
when its speed is 50cm/s.  What is the coefficient of 
static friction between the coin and the turntable? 

Solution 

N = mg  

 نحصل على F = maبتطبيق قانون نيوتن الثاني  

r
vmmaf

2

  

Since  f = Ps N = Ps mg 

r
vmmgs

2

 P 085.0
2

  
rg
v

sP
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Problems to be solved by yourself 
1. A 25kg block is initially at rest on a rough, horizontal surface.  A 

horizontal force of 75N is required to set the block in motion.  After it 
is in motion, a horizontal force of 60N is required to keep the block 
moving with constant speed.  Find the coefficient of static and kinetic 
friction from this information. 

2. The coefficient of static friction between a 5kg block and horizontal 
surface is 0.4.  What is the maximum horizontal force that can be 
applied to the block before it slips? 
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50 N, m1 = 10 kg, m2 = 20 kg, and the coefficient of kinetic friction 
between each block and the surface is 0.1. 

(a) Draw a free-body diagram for each block. 
(b) Determine the tension, T, and the acceleration of the system. 

3. Two blocks connected by a light 
rope are being dragged by a 
horizontal force F.  Suppose that F = 
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 المحاضرة القادمة 
Solving Problems and 

Discussion 


