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8.1.  INTRODUCTION 
 

It has been established since long that all 

surfaces of the bodies are never perfectly smooth. It 

has been observed that whenever, even a very 

smooth surface is viewed under a microscope, it is 

found to have some roughness and irregularities, 

which may not be detected by an ordinary touch. 
 

It will be interesting to know that if a block of 

one substance is placed over the level surface of the 

same or different material, a certain degree of 

interlocking of the minutely projecting particles takes 

place. This does not involve any force, so long as the 

block does not move or tends to move. But whenever 

one of the blocks moves or tends to move tangentially 

with respect to the surface, on which it rests, the 
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interlocking property of the projecting particles opposes the motion. This opposing force, which 

acts in the opposite direction of the movement of the block, is called force of friction or simply 

friction. It is of the following two types: 
 

1. Static friction.   2. Dynamic friction.  
 
8.2. STATIC FRICTION  
 

It is the friction experienced by a body when it is at rest. Or in other words, it is the friction 

when the body tends to move. 
 
8.3.  DYNAMIC FRICTION 
 

It is the friction experienced by a body when it is in motion. It is also called kinetic friction. 

The dynamic friction is of the following two types :  
1. Sliding friction. It is the friction, experienced by a body when it slides over another body.  
2. Rolling friction. It is the friction, experienced by a body when it rolls over another body. 

 

8.4. LIMITING FRICTION  
 

It has been observed that when a body, lying over another body, is gently pushed, it does 

not move because of the frictional force, which prevents the motion. It shows that the force of the 

hand is being exactly balanced by the force of friction, acting in the opposite direction. If we again 

push the body, a little harder, it is still found to be in equilibrium. It shows that the force of friction 

has increased itself so as to become equal and opposite to the applied force. Thus the force of 

friction has a remarkable property of adjusting its magnitude, so as to become exactly equal and 

opposite to the applied force, which tends to produce motion.  
There is, however, a limit beyond which the force of friction cannot increase. If the applied force 

exceeds this limit, the force of friction cannot balance it and the body begins to move, in the direction 

of the applied force. This maximum value of frictional force, which comes into play, when a body just 

begins to slide over the surface of the other body, is known as limiting friction. It may be noted that 

when the applied force is less than the limiting friction, the body remains at rest, and the friction is 

called static friction, which may have any value between zero and limiting friction. 
 
8.5.  NORMAL REACTION 
 

It has been experienced that whenever a body, lying on a horizontal or an inclined surface, 

is in equilibrium, its weight acts vertically downwards through its centre of gravity. The surface, 

in turn, exerts an upward reaction on the body. This reaction, which is taken to act perpendicular 

to the plane, is called normal reaction and is, generally, denoted by R. It will be interesting to 

know that the term ‘normal reaction’ is very important in the field of friction, as the force of 

friction is directly propor-tional to it. 
 
8.6.  ANGLE OF FRICTION 
 

Consider a body of weight W resting on an inclined plane as shown in Fig. 8.1. We know 

that the body is in equilibrium under the action of the following forces :  
1. Weight (W) of the body, acting vertically downwards,   
2. Friction force (F) acting upwards along the plane, and   
3. Normal reaction (R) acting at right angles to the plane.   
Let the angle of inclination (α) be gradually increased, till the 

body just starts sliding down the plane. This angle of inclined plane, at 

which a body just begins to slide down the plane, is called the angle of 

friction. This is also equal to the angle, which the normal reaction 

makes with the vertical. 

 
 
 
 
 
 
 
Fig. 8.1.Angle of friction. 
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8.7.  COEFFICIENT OF FRICTION 
 

It is the ratio of limiting friction to the normal reaction, between the two bodies, and is 

gener-ally denoted by μ.  
Mathematically, coefficient of friction, 

 

 μ F  tan φ or F =μR 
  R    

where φ = Angle of friction,  
 

F = Limiting friction, and 
 

R = Normal reaction between the two bodies. 
 
8.8.  LAWS OF FRICTION 
 

Prof. Coulomb, after extensive experiments, gave some laws of friction, which may be 

grouped under the following heads :  
1. Laws of static friction, and   
2. Laws of kinetic or dynamic friction.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The coefficient of friction of various surfaces, as well as the difference between static and kinetic friction can 

be illustred by pulling objects with large spring scale. 
 
8.9.  LAWS OF STATIC FRICTION 
 

Following are the laws of static friction :  
1. The force of friction always acts in a direction, opposite to that in which the body tends 

to move, if the force of friction would have been absent.   
2. The magnitude of the force of friction is exactly equal to the force, which tends to 

move the body.   
3. The magnitude of the limiting friction bears a constant ratio to the normal reaction 

between the two surfaces. Mathematically :   
F

R  Constant 
 

whereF = Limiting friction, and R = 

Normal reaction. 
4. The force of friction is independent of the area of contact between the two surfaces.   
5. The force of friction depends upon the roughness of the surfaces.  



. 
 
 
 
 
 
8.10. LAWS OF KINETIC OR DYNAMIC FRICTION 
 

Following are the laws of kinetic or 

dynamic friction :  
1. The force of friction always acts in a 

direction, opposite to that in which 

the body is moving.  
 

2. The magnitude of kinetic friction 

bears a constant ratio to the normal 

reaction between the two surfaces. 

But this ratio is slightly less than that 

in case of limiting friction.  
 

3. For moderate speeds, the force of 

friction remains constant. But it 

decreases slightly with the increase of 

speed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
This rock climber uses the static frictional force 

between her hands and feet and the vertical rock walls. 
 
8.11. EQUILIBRIUM OF A BODY ON A ROUGH HORIZONTAL PLANE 
 

We know that a body, lying on a rough horizontal plane will remain in equilibrium. But when-

ever a force is applied on it, the body will tend to move in the direction of the force. In such cases, 

equilibrium of the body is studied first by resolving the forces horizontally and then vertically.  
Now the value of the force of friction is obtained from the relation :  

F =μR  
where μ = Coefficient of friction, and 

R = Normal reaction. 
 

Example 8.1.A body of weight 300 N is lying on a rough horizontal plane having a 

coefficientof friction as 0.3. Find the magnitude of the force, which can move the body, while acting at 

an angle  
of 25 with the horizontal. 
 

Solution.Given: Weight of the body (W) = 300 N; Coefficient of friction (μ) = 0.3 

andangle made by the force with the horizontal (α) = 25 
 

Let P = Magnitude of the force, which can move    
 

 

the body, and 
    

    
 

 

F = Force of friction. 
      

 

       
 

        

Resolving the forces horizontally, 
   

 

   
 

 F = P cosα = P cos 25° = P × 0.9063 Fig. 8.2. 
  

and now resolving the forces vertically, 
 

R = W – P sinα= 300 – P sin 25= 

300 – P × 0.4226 
 

We know that the force of friction (F),  
0.9063 P = μR = 0.3 × (300 – 0.4226 P) = 90 – 0.1268 P 

 
or 90 = 0.9063 P + 0.1268 P = 1.0331 P 

 

∴ 
 90  

Ans.  

     

P  1.0331 
87.1 N

 

 

  
 



. 
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Example 8.2.A body, resting on a rough horizontal plane, required a pull of 180 N in-

clined at 30 to the plane just to move it. It was found that a push of 220 N inclined at 30 to the 

plane just moved the body. Determine the weight of the body and the coefficient of friction.  
Solution.Given: Pull = 180 N; Push = 220 N and angle at which force is inclined 

withhorizontal plane (α) = 30°  
Let W = Weight of the body R 

= Normal reaction, andμ 

= Coefficient of friction.  
First of all, consider a pull of 180 N acting on the body. We know that in this case, the 

force of friction (F1) will act towards left as shown in Fig. 8.3. (a). 
Resolving the forces horizontally,  

F1= 180 cos 30= 180 × 0.866 = 155.9 

Nand now resolving the forces vertically,  
R1= W – 180 sin 30 = W – 180 × 0.5 = W – 90 

NWe know that the force of friction (F1), 

155.9 = μR1 = μ (W – 90) ...(i) 
 
 
 
 
 
 
 
 
 
 

Fig. 8.3. 
 

Now consider a push of 220 N acting on the body. We know that in this case, the force of 

friction (F2) will act towards right as shown in Fig. 8.3 (b).  
Resolving the forces horizontally,  

F2= 220 cos 30= 220 × 0.866 = 190.5 N  

and now resolving the forces horizontally,    

R2= W + 220 sin 30= W + 220 × 0.5 = W + 110 N  
We know that the force of friction (F2),  

190.5 = μ.R2 = μ (W + 110) ...(ii) 
Dividing equation (i) by (ii)    

155.9 μ (W – 90)  W – 90  

190.5 μ (W 110)  W 110   
 

155.9 W + 17 149 = 190.5 W – 17 145 
 

34.6 W = 34 294  

or W  
34 294 

 991.2 N Ans.  

34.6  

    
 

 Now substituting the value of W in equation (i), 
 

 155.9 = μ (991.2 – 90) = 901.2 μ 
 

∴ μ 155.9  0.173 Ans. 
 

  901.2   
 

     
 



 

8.12. EQUILIBRIUM OF A BODY ON A ROUGH INCLINED PLANE 
 

Consider a body, of weight W, lying on a rough plane inclined at an angle α with the 

horizon-tal as shown in Fig. 8.7 (a) and (b). 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.7.  
A little consideration will show, that if the inclination of the plane, with the horizontal, is 

less the angle of friction, the body will be automatically in equilibrium as shown in Fig. 8.7 (a). If 

in this condition, the body is required to be moved upwards or downwards, a corresponding force 

is required, for the same. But, if the inclination of the plane is more than the angle of friction, the 

body will move down. And an upward force (P) will be required to resist the body from moving 

down the plane as shown in Fig. 8.7 (b).  
Though there are many types of forces, for the movement of the body, yet the following are 

important from the subject point of view :  
1. Force acting along the inclined plane.   
2. Force acting horizontally.   
3. Force acting at some angle with the inclined plane.   
Note. In all the above mentioned three types of forces, we shall discuss the magnitude 

offorce, which will keep the body in equilibrium, when it is at the point of sliding downwards or 

upwards. 
 
8.13. EQUILIBRIUM OF A BODY ON A ROUGH INCLINED PLANE 

SUBJECTED TO A FORCE ACTING ALONG THE INCLINED PLANE  
 

Consider a body lying on a rough inclined plane subjected force acting along the inclined 

plane, which keeps it in equilibrium as shown in Fig. 8.8. (a) and (b). 
 

Let W = Weight of the body,  
α = Angle, which the inclined plane makes with the horizontal, 

R = Normal reaction, 
 

μ = Coefficient of friction between the body and the inclined plane, and 

φ = Angle of friction, such that μ = tan φ.  
 

A little consideration will show that if the force is not there, the body will slide down the 

plane. Now we shall discuss the following two cases : 



. 
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1. Minimum force (P1) which will keep the body in equilibrium, when it is at the point of 

slidingdownwards. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8.8.  

In this case, the force of friction (F1=μ.R1) will act upwards, as the body is at the point of 

sliding downwards as shown in Fig. 8.8 (a). Now resolving the forces along the plane,  
P1= W sinα–μ.R1...(i)and now resolving the forces perpendicular to the 

plane.  
R1= W cosα...(ii)Substituting the value of R1 in equation (i), 

 

P1= W sinα–μ W cosα= W (sinα–μcosα)and 

now substituting the value of μ = tan φ in the above equation,  
P1= W (sinα– tanφcosα

)Multiplying both sides of this equation by cosφ,  
P1cosφ= W (sinαcosφ– sinφcosα) = W sin (α–φ) 

∴ P Wsin (α–φ) 
 

 1 cosφ  

  
  

2. Maximum force (P2) which will keep the body in equilibrium, when it is at the point of 

slidingupwards.  
In this case, the force of friction (F2 = μ.R2) will act downwards as the body is at the point 

of sliding upwards as shown in Fig. 8.8 (b). Now resolving the forces along the plane,  
P2= W sinα+μ.R2...(i)and now resolving the forces perpendicular to the 

plane,  
R2= W cosα...(ii)Substituting the value of R2 in equation (i), 

 

P2= W sinα+μ W cosα= W (sinα+μcosα)and 

now substituting the value of μ = tan φ in the above equation,  
P2= W (sinα+ tanφcosα

)Multiplying both sides of this equation by cosφ,  
P2cosφ= W (sinαcosφ+ sinφcosα) = W sin (α+φ) 

∴ P Wsin (αφ) 
 

 2 cosφ  

  
 



8.14. EQUILIBRIUM OF A BODY ON A ROUGH INCLINED PLANE 

SUBJECTED TO A FORCE ACTING HORIZONTALLY  
 

Consider a body lying on a rough inclined plane subjected to a force acting horizontally, 

which keeps it in equilibrium as shown in Fig. 8.13. (a) and (b). 
 

W = Weight of the body,  
α = Angle, which the inclined plane makes with the horizontal, 

R = Normal reaction,  
μ = Coefficient of friction between the body and the inclined plane, and 

φ = Angle of friction, such that μ = tan φ.  
 

A little consideration will show that if the force is not there, the body will slide down on the 

plane. Now we shall discuss the following two cases : 
1. Minimum force (P1) which will keep the body in equilibrium, when it is at the point of 

slidingdownwards. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.13.  
In this case, the force of friction (F1 = μ.R1) will act upwards, as the body is at the point of 

sliding downwards as shown in Fig. 8.13. (a). Now resolving the forces along the plane,  
P1cosα= W sinα–μ R1...(i)and now resolving the forces perpendicular to the 

plane,  
R1= W cosα+ P1sinα...(ii)Substituting this value of R1 in equation (i), 

 

P1cosα= W sinα–μ(W cosα+ P1sinα)= W 

sin α – μWcosα – μP1 sin α 

P1cosα+μP1sinα= W sinα–μWcosα 



. 
 
 
 
 
 

P1(cosα+μsinα) = W (sinα–μcosα) 

∴ 
PW(sinα–μcosα) 

 

1 (cosαμ sin α)  

  
 

Now substituting the value of μ = tan φ in the above equation, 
 

PW(sinα– tanφcosα)  
 

1 
(cosα tan φ sin α) 

 
 

  
 

Multiplying the numerator and denominator by cosφ,  
 

P Wsinαcosφ– sinφcosα Wsin (α–φ) 
 

1 cosαcosφ sin α sin φ cos (α  – φ)  

 
 

 = W tan (α – φ) ...(when α>φ) 
 

 = W tan (φ – α) ...(when φ>α) 
 

2. Maximum force (P2) which will keep the body in equilibrium, when it is at the point of 
slidingupwards 

In this case, the force of friction (F2 = μR2) will act downwards, as the body is at the point of 
 

sliding upwards as shown in Fig.8.12. (b). Now resolving the forces along the plane, 
 

 P2cosα= W sinα+μR2 ...(iii) 
 

and now resolving the forces perpendicular to the plane,  
 

 R2= W cosα  P2sinα ...(iv) 
 

Substituting this value of R2 in the equation (iii),  
 

 P2cosα = W sin α + μ (Wcosα + P2 sin α) 
 

  = W sin α + μWcosα + μP2 sin α 
 

P2cosα–μP2sinα= W sinα+μ W cosα  
 

P2(cosα–μsinα) = W (sinα+μcosα)  
 

∴ P2 W(sinαμcosα)  
 

  (cosα  – μ sin α)  
 

Now substituting the value of μ = tan φ in the above equation, 
 

 PWsinαtanφcosα  
 

 2 cosα  – tan φ sin α  
 

   
 

Multiplying the numerator and denominator by cosφ,  
 

 PWsinαcosφsinφcosα Wsin (αφ) 
 

 2 cosαcosφ  – sin φ sin α cos (αφ)  

  
  

= W tan (α + φ) 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
8.15. EQUILIBRIUM OF A BODY ON A ROUGH INCLINED PLANE 

SUBJECTED TO A FORCE ACTING AT SOME ANGLE WITH 

THE INCLINED PLANE  
 

Consider a body lying on a rough inclined plane subjected to a force acting at some angle 

with the inclined plane, which keeps it in equilibrium as shown in Fig. 8.17 (a) and (b). 
 

Let W = Weight of the body,  
α = Angle which the inclined plane makes with the horizontal, 

θ = Angle which the force makes with the inclined surface,  
R = Normal reaction,  
μ = Coefficient of friction between the body and the inclined plane, and 

φ = Angle of friction, such that μ = tan φ.   
A little consideration will show that if the force is not there, the body will slide down the 

plane. Now we shall discuss the following two cases : 

1. Minimum force (P1) which will keep the body in equilibrium when it is at the point 

ofsliding downwards. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.17.  
In this case, the force of friction (F1 = μR1) will act upwards, as the body is at the point of 

sliding downwards as shown in Fig. 8.17 (a). Now resolving the forces along the plane,  
P1cosθ= W sinα–μR1...(i)and now resolving the forces perpendicular to the 

plane,  
R1= W cosα– P1sinθ ...(ii) 



. 
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Substituting the value of R1 in equation (i),  

 P1cosθ= W sinα–μ(W cosα– P1sinθ) 
 

  = W sin α – μWcosα + μP1 sin θ 
 

 P1cosθ–μ P1sinθ= W sinα–μ W cosα 
 

 P1(cosθ–μsinθ) = W (sinα–μcosα) 
 

∴ 
PW(sinα–μcosα) 

 

1 (cosθ – μ sin θ)  

   

and now substituting the value of μ = tan φ in the above equation, 

PW(sinα– tanφcosα) 
 

1 
(cosθ – tan φ sin θ)  

 
  

Multiplying the numerator and denominator by cosφ, 

P W(sinαcosφ– sinφcosα)W sin (α–φ) 
 

1 (cosθcosφ  – sin φ sin θ ) cos ( θφ)   
 

2. Maximum force (P2) which will keep the body in equilibrium, when it is at the point ofsliding upwards.  
In this case, the force of friction (F2 = μR2) will act downwards as the body is at the point of sliding upwards as shown in Fig. 

8.17 (b). Now resolving the forces along the plane.  
P2cosθ= W sinα+μ R2...(iii)and now resolving the forces perpendicular to the plane,  

R2= W cosα– P2sinθ...(iv)Substituting the value of R2 in equation (iii),  
P2cosθ= W sinα+μ(W cosα– P2sinθ)= W sin α + μWcosα – μP2 sin θ  

P2cosθ+μ P2sinθ= W sinα+μ W cosα P2(cosθ+μsinθ) = W (sinα+μcosα) 

∴ 
PW(sinαμcosα) 

 

2 (cosθμ sin θ)  

  
  

and now substituting the vaue of μ = tan φ in the above equation, 

PW(sinαtanφcosα) 
 

2 
(cosθ  tan φ sin θ)  

 
  

Multiplying the numerator and denominator by cosφ, 

P W(sinαcosφsinφcosα)  W  sin (αφ)   
  

2 (cosθcosφ sin φ sin θ)  cos (θ – φ)  

  
 

 

 

 

 

 

 

 

 

 

 

SCREW FRICTION 

163 

       The screws, bolts, studs, nuts etc. are widely used in various machines and structures for 
fastenings. These fastenings have screw threads, which are made by cutting a continuous helical 
groove on a cylindrical surface. If the threads are cut on the outer surface of a solid rod, these are 
known as external threads. But if the threads are cut on the internal surface of a hollow rod these are 
known as internal threads. 



Applications of friction 

 

 

 

                       1. Screw friction.2.wedge friction.    3. Ladder friction 

 

                   1.screw friction

       The screw threads are mainly of two typesviz. V-threads and square threads. The V-threads 
are stronger and offer more frictional resistance to motion than square threads. Moreover, the 
V-threads have an advantage of preventing the nut from slackening. I will be interesting to 
know that the V-threads are used for the purpose of tightening pieces together (e.g. bolts and 
nuts etc.). Square threads are used in screw jacks, vice screws etc. which are used for lifting 
heavy loads. The following terms are important for the study of screws: 
1. Helix. It is the curve traced by a particle, while describing a circular path at a uniform 
speed and advancing in the axial direction at a uniform rate. Or in other words, it is the 
curve traced by a particle while moving along a screw thread. 

2. Pitch. It is the distance from one point of a thread to the corresponding point on the next 
thread. It is measured parallel to the axis of the screw. 

3. Lead. It is the distance through which a screw thread advances axially in one turn. 

4. Depth of thread. It is the distance between the top and bottom surfaces of a thread (also 
known as crest and root of thread). 

5. Single-threaded screw. If the lead of a screw is equal to its pitch, it is known as single- 
threaded screw. 

6. Multi-threaded screw. If more than one threads are cut in one lead distance of a screw, it 
is known as multi-threaded screw e.g. in a double-threaded screw, two threads are cut in 
one lead length. In such cases, all the threads run independently along the length of the 
rod. Mathematically, 

Lead = Pitch × No. of threads. 

7. Slope of the thread. It is the inclination of the thread with horizontal. Mathematically, 

tan 

 

     Lead of screw 
Circumference of screw 

p 
d ...(In single-threaded screw) 

...(In multi-threaded screw)  
np 
d 

where = Angle of inclination of the thread, 
p = Pitch of the screw, 
d = Mean diameter of the screw, and 

n = No. of threads in one lead. 
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9.5. RELATION BETWEEN EFFORT AND WEIGHT LIFTED BY A SCREW JACK 
        The screw jack is a device for lifting heavy loads, by applying a comparatively smaller effort 
at its handle. The principle, on which a screw jack works, is similar to that of an inclined plane. 

Fig. 9.20.Screw jack 
       Fig. 9.20 shows common form of a screw jack, which consists of a threaded rod A, called 
screw rod or simply screw. The screw has square threads, on its outer surface, which fit into the inner 
threads of the jack B. The load, to be raised or lowered, is placed on the head of the screw, which is 
rotated by the application of an effort at the end of the lever for lifting or lowering the load. 
       If one complete turn of a screw thread, be imagined to be unwound, from the body of the 
screw and developed, it will form an inclined plane as shown in Fig. 9.21 
       Let p = Pitch of the screw, 
d = Mean diameter of the screw 
r = Mean radius of the screw, and 
= Helix angle. 
       From the geometry of the figure, we find that 

Fig. 9.21.Helix anglepp 
...(where d = 2r) 
d 2r 
Now letP= Effort applied at the mean radius of the screw jack to lift the load, 
W = Weight of the body to be lifted, and 
= Coefficient of friction, between the screw and nut. 
        Let= Angle of friction, such that = tan  
As a matter of fact, the principle, on which a screw jack works, is similar to that of an inclined 
plane. Thus the force applied on the lever of a screw jack is considered to be horizontal. We have 
already discussed in Art. 8.14 that the horizontal force required to lift a load on an inclined rough 
plane 
P = W tan (α +  
Example 9.8.A screw jack has mean diameter of 50 mm and pitch 10 mm. If the coefficient 
of friction between its screw and nut is 0.15, find the effort required at the end of 700 mm long 
handle to raise a load of 10 kN. 

tan 
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Solution.Given: Mean diameter of screw jack (d) = 50 mm or radius (r) = 25 mm; Pitch 
of the screw (p) = 10 mm; Coefficient of friction between screw and nut (μ) = 0.15 = tan or 
= 8.5°; Length of the handle (l) = 700 mm and load to be raised (W) = 10 kN. 

Let 

and 

We know that 

tan 
p10 
0.0637 
d 50 

P1 = Effort required at the end of 700 mm long handle to raise the load, 

= Helix angle 

or = 3.6° 

and effort required at mean radius of the screw to raise the load, 
P = W tan (α + = W tan (3.6° + 8.5°) 
                           = W tan 12.1° = 10 × 0.2144 = 2.144 kN 
       Now the effort required at the end of the handle may be obtained from the relation. 
P1 × 700 = P × r = 2.144 × 25 = 53.6 

                               53.6 
Ans.0.0766 kN = 76.6 N 
                                700 
Example 9.9.The mean radius of the screw of a square threaded screw jack is 25 mm. The 
pitch of thread is 7.5 mm. If the coefficient of friction is 0.12, what effort applied at the end of lever 
60 cm length is needed to raise a weight of 2 kN. 

 P1 

Solution.Given: Mean radius of the screw (r) = 25 mm; Pitch of the thread (p) = 7.5 mm; 
Coefficient of friction (μ) = 0.12 = tan Length of the lever (l) = 60 cm and weight to be raised = 
2 kN = 2000 N. 

Let 
and 

We know that 

tan 
 p0.75 
0.048 
2r 22.5 

tan+ tan 0.048 0.12 
P 2000  
1 – tan.tan 1 – 0.048 0.12 

P1 = Effort required at the end of the 60 cm long handle to raise the weight, 
= Helix angle. 

and effort required at mean radius of the screw to raise the weight, 

P W tan () W  

2000 0.169 338 N 

Now the effort applied at the end of the lever, may be found out from the relation, 

P1 × 60 = P × 2.5 = 338 × 2.5 = 845 

 P1 
845 
14.1N 
 60 

Ans. 

Example 9.10.A screw press is used to compress books. The thread is a double thread 
(squarehead) with a pitch of 4 mm and a mean radius of 25 mm. The coefficient of the friction (μ) 
for the contact surface of the thread is 0.3. Find the torque for a pressure of 500 N. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Applications of friction 

 

 

1. Wedge friction. 

2. Screw friction. 
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Solution.Given: No. of threads (n) = 2; Pitch (p) = 4 mm; Mean radius (r) = 25 mm ; 
Coefficient of friction (μ) = 0.3 = tan or = 16.7° and pressure (W) = 500 N 
      Let= Helix angle. 

We know that tan  
np24 
0.0509 
2r 225 

or = 2.9° 

Effort required at the mean radius of the screw to press the books 
P = W tan (α + = 500 tan (2.9° + 16.7°) N 
                           = 500 tan 19.6° = 500 × 0.356 = 178 N 
and* torque required to press the books, 
T = P × r = 178 × 25 = 4450 N-mmAns. 

9.6. RELATION BETWEEN EFFORT AND WEIGHT LOWERED BY A SCREW 
     JACK 

       We have already discussed in the last article that the principle, on which a screw works, is 
similar to that of an inclined plane. And force applied on the lever of a screw jack is considered to be 
horizontal. We have also discussed in Art. 8.14 that the horizontal force required to lower a load on 
an inclined plane, 
P = W tan (α – ...(when > 
= W tan (φ – ...(when > 

Note. All the notations have the usual values as discussed in the last article. 

Example 9.11.A screw Jack has a square thread of 75 mm mean diameter and a pitch of 
15 mm. Find the force, which is required at the end of 500 mm long lever to lower a load of 25 kN. 
Take coefficient of friction between the screw and thread as 0.05. 
Solution.Given: Mean diameter of thread (d) = 75 mm or radius (r) = 37.5 mm; Pitch of 
thread (p) = 15mm; Length of lever (l) = 500 mm; load to be lowered (W) = 25 kN and coefficient of 
friction between the screw and thread (μ) = 0.05 = tan or = 2.9° 

Let 

and 

P1 = Effort required at end of 500 mm long handle to lower the load, 

= Helix angle. 
p15 
tan0.0637 or 3.6We know that 
d 75 
and effort required at the mean radius of the screw to lower the load, 

P = W tan (α – = W tan (3.6° – 2.9°) 

= W tan 0.7° = 25 × 0.0122 = 0.305 kN = 305 N 

Now the effort required at the end of the handle may be found out from the relation, 

                       P1 × 500 = P × r = 305 × 37.5 = 11438 
11438 
Ans.P23 N1 
500 

 

 



3. Ladder friction 

 

1. Wedge friction. 

 

A wedge is a piece of metal or wood which is usually of a triangular or trapezoidal in cross-section. It 

is used for either lifting loads through small vertical distances or used for slight adjustments in the 

position of a body i.e., for tightening fits or keys for shafts. 

When lifting a heavy load the wedge is placed below the load and a horizontal force P is applied as 

shown in Fig. 3.41. If the force P is just sufficient to lift the load, the wedge will move towards left 

and load will move up. When the wedge moves towards left, the sliding of the surfaces AC and AB 

will take place. At the same time load moves up and sliding of the load takes place along GD. Thus 

for the wedge and load shown in Fig.3.41 sliding takes place along surface AB, AC and DG. Hence 

there will be three normal reactions at AB, AC and DG. 

The problems on wedges are generally the problems of equilibrium on inclined planes. Therefore, 

these problems are solved by equilibrium method or by applying Lami’s Theorem. 

 

Equilibrium Method. In this method, the equilibrium of the load (or the body placed on the wedge) 

and the equilibrium of the wedge are considered. 

http://www.mechanical-engineering-assignment.com/wp-content/uploads/2013/06/6.png


Equilirbium of Wedge 

Consider the equilibrium of the wedge. The forces acting on the wedge are shown in Fig. 3.42. They 

are: 

(i) The force P applied horizontally on face BC. 

(ii) Reaction R1 on the face AC (The reaction R1 is the resultant of the normal reaction N1 on the 

rubbing face AB and force of friction on surface AC). The reaction R1 will be inclined at an angle 

θ1 (when θ1 is angle of friction) with the normal. 

(iii) Reaction R2 on the face AB (The reaction R2 is the resultant of normal reaction N2on the rubbing 

face AB and force of friction on surface AB). The reaction R2 will be inclied at an angle Φ2 with the 

normal. 

When the force P is applied on the wedge, the surface CA will be moving towards left and hence 

force of friction on this surface will be acting towards right. Similarly, the force of friction on face 

AB will be acting from A to B. These forces are shown in Fig. 3.42. 

Resolving the forces horizontally, we get 



 

http://www.mechanical-engineering-assignment.com/wp-content/uploads/2013/06/7.png


Equilibrium of  Body placed on the Wedge 

The forces acting on the body are shown in Fig.3.44. They are: 

(i) The weight W on the body. 

(ii)Reaction R3 on the face GD. (The reaction R3 is the resultant of the normal reaction N3 on the 

rubbing face GD and force of friction on surface GD). 

(iii)Reaction R3 on the face GF (The reaction R2 is the resultant of the normal reaction N2 on the 

rubbing face GF and force of friction on surface GF). 

These forces are shown in Fig. 3.44. 

Resolving the forces R2, R3 and W horizontally, we get 
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