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Question 1     (**) 

 

 

 

 

 

 

 

 

 

A ladder of length 2a  and mass m , has one end A  on smooth horizontal ground and 

the other end B  against a smooth vertical wall. 

The ladder is kept in equilibrium by a horizontal force of magnitude 1
3

mg  acting at a 

point C  on the ladder, where 1
2

AC a= , as shown in the figure above. 

The angle between the ladder and the vertical wall is θ  . 

By modelling the ladder as a uniform rod show that 1tan
2

θ = . 

V , MMS-K , proof  
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Question 2    (**+) 

 

 

 

 

 

 

The figure above shows a ladder AB  resting in equilibrium with one end A  on rough 

horizontal ground and the other end B  against a smooth vertical wall. The ladder is 

modelled as a uniform rod of length 5  metres and mass 20 kg, and lies in a vertical 

plane perpendicular to the wall and the ground, inclined at an angle ϕ  to the 

horizontal. 

When a person, which is modelled as a particle, of mass 60  kg stands at a point C  on 

the ladder, where 4AC =  metres the ladder is at the point of slipping. 

Given that the coefficient of friction between the ladder and the ground is 1
4

, find … 

a) … the magnitude of the frictional force of the ground on the ladder. 

b) … the value of ϕ , to the nearest degree. 

MMS-L , 196 NF = , 71ϕ ≈ °  
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Question 3    (**+)  

 

 

 

 

 

 

 

The figure above shows a uniform ladder AB  of length 2a  and of mass m  resting 

with the end A  on rough horizontal ground and the end B  against a smooth vertical 

wall. The ladder is inclined at an angle θ  to the ground.  

When a child of mass 2m  is standing on the ladder at B , the ladder is about to slip. 

Given that the coefficient of friction between the ladder and the ground is 5
12

, find the 

value of θ . 

MMS-A , 63.4θ ≈ °  
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Question 4    (***) 

A uniform ladder AB  of mass m  and length 2a  has one of its end A  on rough 

horizontal ground and the other end B  against a smooth vertical wall.  

The ladder lies in a vertical plane perpendicular to the wall and the ground, and makes 

an angle of 30°  with the vertical wall. 

The coefficient of friction between the ladder and the ground is 1
3

. 

The greatest distance from A  that a man of mass 4m  can walk up this ladder is ka , 

where k  is a positive constant. 

By modelling the man as a particle and the ladder as a uniform rod, determine the 

value of k . 

10 3 3
1.19

12
k

−
= ≈  
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Question 5    (***)  

 

 

 

 

 

 

 

The figure above shows a uniform rod AB  of length 8  metres and of mass 15kg. The 

rod is resting in equilibrium with the end A  on rough horizontal ground and the point 

C , where 6AC =  metres, on a smooth peg. The rod is inclined at 60°  to the ground. 

a) Determine in any order … 

i. … the reaction on the rod at the peg. 

ii. … the normal reaction on the rod at the ground. 

iii. … the friction acting on the rod. 

The coefficient of friction between the rod and the ground is denoted by µ . 

b) Find the range of the possible values of µ . 

49CN = , 49 3 42.4
2

Fr = ≈ , 122.5AR = , 1 3
5

µ ≥  
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Question 6     (***)   

A non uniform ladder of weight 180  N and length 6  metres, rests with its end A  on 

smooth horizontal ground and its end B  against a rough vertical wall. 

The coefficient of friction between the ladder and the wall is 1
4

. 

The centre of mass of the ladder is 1.5  metres from A . 

The ladder lies in a vertical plane perpendicular to the wall and the ground, and is 

inclined at an angle θ  to the horizontal, where tan 2θ = . 

A man can just prevent the ladder from sliding down the wall by pushing the bottom 

of the ladder with a horizontal force F . 

By modelling the ladder as a non uniform rod determine the value of F . 

MMS-E , V , 20 NF =  
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Question 7     (***) 

 

 

 

 

 

 

 

The figure above shows a plank AB  resting on a smooth peg. The plank is modelled a 

uniform rod of weight W  N and of length 4.8  metres, resting on the peg at the point 

C , where AC  is 3.2  metres. 

The end A  of the plank rests in limiting equilibrium on rough ground, where the 

coefficient of friction between the plank and the ground is 9
13

. 

The plank is inclined at angle θ  to the horizontal, where 3tan
4

θ = . The points A , B  

and C  lie in a vertical plane which is perpendicular to the ground.  

Given that the magnitude of the normal reaction of the ground at A  is 65N, find in 

any order … 

a) … the value of W . 

b) … the magnitude of the force between the plank and the peg. 

MMS-O , 125 NW = , 75 NF =  
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Question 8     (***)  

 

 

 

 

 

 

 

The figure above shows a uniform rod AB , of length 3  metres and of mass 20 kg , 

smoothly hinged at the point A , which lies on a vertical wall. 

A particle, of mass 10 kg , is suspended from the end B  of the rod. The rod is kept in 

a horizontal position by a light inextensible string BC , where C  lies on the same wall 

vertically above A . 

The plane ABC  is perpendicular to the wall and the angle ABC  is 30° . 

a) Determine the tension in the string. 

b) Show that the reaction at the hinge has magnitude 98 13 N . 

V , MMS-M , 392 NT =  
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Question 9     (***+) 

 

 

 

 

 

 

The figure above shows a uniform rod AB  of length 2a  and of mass m  smoothly 

hinged at the point A , which lies on a vertical wall. 

The rod is kept in a horizontal position by a light inextensible string BC , where C  

lies on the same wall vertically above A . 

The plane ABC  is perpendicular to the wall and the angle ABC  is denoted by θ . 

Given that 1tan
2

θ = , show that … 

a) … the tension in the string is 1 5
2

mg . 

b) … the magnitude of the reaction at the hinge has the same magnitude as the 

tension in the string. 

MMS-D , proof  
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Question 10     (***+)  

 

 

 

 

 

The figure above shows a uniform rod AB , of length 2.5  metres and mass 10  kg, 

with one of its ends A  smoothly hinged vertical wall. 

The rod is kept in equilibrium in a horizontal position by a light rigid strut DC , 

where D  lies on the same wall vertically below A  and C  lies on the rod such 

that 1AC AD= =  metre. 

A particle of mass 5  kg is placed at B . The plane ACD  is perpendicular to the wall. 

a) Calculate the force exerted by the strut on the rod. 

b) Determine the magnitude and direction of the force exerted by the hinge on 

the rod  AB . 

Thrust 245 2 346 N= ≈ , 49 29 264 NR = ≈ , 158 ,  to the direction ABθ ≈ °  

 

 

 

1m
B

D

C
A

1m



Created by T. Madas 
 

Created by T. Madas 
 

Question 11    (***+)   

A uniform ladder of mass 10  kg and length 4  metres, rests with its end A  on rough 

horizontal ground and its end B  against a smooth vertical wall. The ladder lies in a 

vertical plane perpendicular to the wall and the ground, and is inclined at an angle θ  

to the horizontal, where tan 2θ = . 

The coefficient of friction between the ladder and the ground is 1
3

. 

When a man of mass m  climbs on the ladder and stands at the point C , where AC  is 

2.75  metres, the ladder is in limiting equilibrium. 

By modelling the man as a particle and the ladder as a uniform rod, determine the 

value of m . 

80m =  

 

 

 

 

 

 

 

 

 

 



Created by T. Madas 
 

Created by T. Madas 
 

Question 12     (***+) 

 

 

 

 

 

 

 

 

 

 

The figure above shows a uniform ladder with one end on rough horizontal ground 

and the other end against a smooth vertical wall. The ladder is modelled as a uniform 

rod of length 2a   and mass m , and lies in a vertical plane perpendicular to the wall 

and the ground, inclined at an angle θ  to the horizontal. 

The ladder remains in equilibrium when a man of mass 4m  stands at the top of the 

ladder. The coefficient of friction between the ladder and the ground is 1
2

  

Show clearly that 9tan
5

θ ≥ . 

proof  
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Question 13     (***+) 

 

 

 

 

 

 

 

 

 

The figure above shows a ladder of length 6  metres and mass 20  kg, with one end A  

on rough horizontal ground and the other end B  against a smooth vertical wall. The 

ladder is modelled as a uniform rod and lies in a vertical plane perpendicular to the 

wall and the ground, inclined at an angle θ  to the horizontal, where 4tan
3

θ = . 

The ladder remains in equilibrium when a man of mass 80  kg stands at a point C  on 

the ladder, where 4AC =  metres. The coefficient of friction between the ladder and 

the ground is denoted by µ . 

Find the range of the possible values of µ . 

19
40

µ ≥  
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Question 14     (***+) 

 

 

 

 

 

 

 

 

The figure above shows a ladder AB  of length 4a  and weight W , with one end A  on 

smooth horizontal ground and the other end B  against a rough vertical wall. A light 

inextensible string has one of its ends C  tied on the ladder, where AC a= , and the 

other end D  tied at a point on the wall, so that CD  is horizontal. The tension in the 

string is 3W  and the coefficient of friction between the ladder and the ground is µ .  

The ladder is in equilibrium when a man of weight 6W stands at the point B .  

The ladder lies in a vertical plane perpendicular to the wall and the ground and is 

inclined at an angle θ  to the horizontal, where tan 2θ = . The ladder is modelled as a 

uniform rod and the man as a particle. 

a) Find, in terms of W , the magnitude of the force of the ground on the ladder 

b) Show that 2
3

µ ≥ . 

5N W=  
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Question 15     (***+) 

 

 

 

 

 

 

 

 

 

The figure above shows a uniform rod AB , of weight 27W and length 4L , freely 

hinged at the end A  to a vertical wall.  

The rod is supported by a light rigid strut CD  and rests in equilibrium at an angle of 

60°  to the wall. The strut is freely hinged to the rod at the point D  and to the wall at 

the point C  , which is vertically below A . It is further given that 3AC AD L= =  

The rod and the strut lie in the same vertical plane, which is perpendicular to the wall. 

a) Show that the magnitude of the thrust in the strut is 6W . 

b) Find, in terms of W , the magnitude of the force acting on the rod at A . 

reaction 3 NW=  
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Question 16     (***+)  

 

 

 

 

 

 

 

The figure above shows a uniform ladder AB  of length 2a  and of mass m  resting 

with A  on rough horizontal ground, and B  against a rough vertical wall. 

The ladder is inclined at an angle θ  to the ground and the coefficient of friction 

between the ladder and the ground and between the ladder and the wall is 2
3

. 

a) Given the ladder is in limiting equilibrium, determine in terms of mg  … 

i. … the normal reaction on the ladder at A . 

ii. … the normal reaction on the ladder at B . 

b) Show clearly that 5tan
12

θ = . 

9
13AN mg= , 6

13BN mg=  

 

2a

A

B

θ



Created by T. Madas 
 

Created by T. Madas 
 

Question 17     (***+)  

 

 

 

 

 

 

 

The figure above shows a plank AB  resting on a smooth cylinder which is fixed with 

its axis horizontal to rough horizontal ground. The plank is modelled a uniform rod of 

mass 10  kg and length 4  metres, resting in equilibrium on the cylinder at the point C , 

where AC  is 3  metres. The end A  of the plank rests in limiting equilibrium on the 

ground, inclined at an angle of 30°  to the horizontal. The points A , B  and C  lie in a 

vertical plane which is perpendicular to the axis of the cylinder. 

a) Find the normal reaction between the plank and the ground. 

b) Show that the coefficient of friction between the plank and the ground is 1 3
3

. 

MMS-F , 49 NR =  
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Question 18     (***+) 

 

 

 

 

 

 

 

 

The figure above shows a uniform rod AB  of length 5  metres and of mass 60  kg 

resting in equilibrium with its end A  smoothly hinged on a vertical wall. A light 

string BC  is attached to a point C  on the wall which lies vertically above A , such 

that AC CB= . 

The plane ABC  is perpendicular to the wall and the angle CAB  is 30° . 

a) Determine the tension in the string. 

b) Find the magnitude of the horizontal and vertical components of the force 

acting on the hinge at A . 

294 NT = , 735 NF↑ = , 147 3 NF→ =  
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Question 19     (***+)  

 

 

 

 

 

 

 

 

 

 

The figure above shows a ladder of length 2a  and mass m , with one end A  on rough 

horizontal ground and the other end B  against a smooth vertical wall. 

The ladder is inclined at an angle α  to the horizontal, where 4tan
3

α =  and remains 

in equilibrium when a child of mass m  stands at a point C  on the ladder, where 

3
2

AC a= . 

By modelling the ladder as a uniform rod and the child as a particle, find the range of 

the possible values of the coefficient of friction between the ladder and the ground. 

MMS-B , 15
32

µ ≥  

 

2a
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B
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Question 20     (***+) 

 

 

 

 

 

 

 

The figure above shows a plank AB  of weight 600 N resting in equilibrium with one 

end A  on rough horizontal ground. The coefficient of friction between the ground and 

the plank is denoted by µ . 

The plank rests on a smooth cylindrical drum which fixed to the ground and cannot 

slide or roll. The point of contact between the plank and the drum is at C , where 

4AC =  metres. The points A , B  and C  lie in a vertical plane which is perpendicular 

to the axis of the drum. The plank is inclined at an angle of θ  to the horizontal ground, 

where 2sin
3

θ = . 

By modelling the plank as a uniform rod, show that 10 5
47

µ ≥ . 

proof  
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Question 21     (***+)   

A ladder AB , of weight W , has one end A  resting on rough horizontal ground and 

the other end B  resting against a rough vertical wall. The ladder is modelled as a 

uniform rod which lies in a vertical plane perpendicular to the wall. 

The coefficient of friction between the ladder and the wall is 0.2 . 

The coefficient of friction between the ladder and the ground is µ .  

It is further given that the friction is limiting at both A  and B , and the ladder is at an 

angle θ   to the ground, where tan 2θ = . 

Find the exact value of µ . 

5
21

µ =  
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Question 22     (***+)   

 

 

 

 

 

 

The figure above shows a uniform rod AB  of weight 120 N  and length 6 m  resting 

in equilibrium against a rough peg P  which is located 2 m  above level horizontal 

ground.  The end A  of the rod rests on smooth ground, inclined at 30°  to the ground. 

The coefficient of friction between the rod and the peg is µ . 

The points A , P  and B  lie in a vertical plane which is perpendicular to the ground.  

a) Calculate the reaction between the rod and the ground. 

b) Show that the magnitude of the normal reaction between the rod and the peg is 

45 3 . 

c) Determine the range of the possible values of µ . 

30 NN = , 1 3
3

µ ≥  
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Question 23     (***+)   

 

 

 

 

 

 

The figure above shows a uniform rod AB  of length 2  metres and of mass 12  kg 

resting in equilibrium with its end against a rough vertical wall. A light string BC  is 

attached to a point C  on the wall which lies vertically above A , such that AC AB= . 

The plane ABC  is perpendicular to the wall and the angle CAB  is 120° . The 

coefficient of friction between the wall and the rod is µ . 

Given that the rod is at the point of slipping down the wall, show that 
1

3
µ = . 

proof  
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Question 24     (***+) 

 

 

 

 

 

 

 

 

The figure above shows a uniform rod AB  of length 4  metres and of mass 40  kg 

resting in equilibrium with its end A  in contact with a rough vertical wall. The 

coefficient of friction between the rod and the wall is µ . A light string BC  of length 

4  metres is attached to a point C  on the wall which lies vertically above A . 

The plane ABC  is perpendicular to the wall and the angle ABC  is 60° . 

a) Determine the tension in the string. 

b) Show clearly that 3µ ≥ . 

196 NT =  

 

 

60°

4m

4m
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B
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Question 25     (***+)   

 

 

 

 

 

The figure above shows a uniform rod AB  of weight 120 N  and length 3 m  rests in 

limiting equilibrium against a rough box , where the contact point P  between the rod 

and the box located 1.2 m  above level horizontal ground.  

The end A  of the rod rests on smooth ground, inclined at π  to the ground. The 

coefficient of friction between the rod and the box is 0.75 . 

The points A , P  and B  lie in a vertical plane which is perpendicular to the ground.  

a) Show clearly that 3tan
4

θ = . 

b) Calculate in any order the magnitude of the reaction between the rod and the 

ground and the magnitude of the reaction between the rod and the box. 

30 NAR = , 90 NPR =  
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Question 26      (***+)     

 

 

 

 

 

 

 

 

 

A uniform ladder AB , of length 6 m   and mass 20 kg , is placed with its end A  on 

rough horizontal ground and B  over a smooth vertical wall. The ladder rests on the 

wall at the point C , so that 1BC = m . 

The ladder is inclined at an angle of  60°  to the horizontal and the coefficient of 

friction between the ladder and the ground is µ . 

When a man, of mass 80 kg , is standing at the point P  on the ladder, so that 

4 mAP = , the ladder is in limiting equilibrium. 

Determine the exact value of µ . 

MMS-N , 
19 3

81
µ =  

 

C

60°

B
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Question 27     (****)     

A uniform ladder AB , of length 12 m   and mass M kg , is placed with its end A  on 

rough horizontal ground and B  against a smooth vertical wall. 

A light inextensible rope is attached to the ladder at a vertical distance of 3 m  above 

the ground and is tied to the wall so that the rope is horizontal. The rope can 

withstand a maximum tension of 490 N . 

The ladder is inclined at 4arctan
3

 to the horizontal and the coefficient of friction 

between the ladder and the ground is 1
4

. 

Given that the rope breaks when a man of mass 100 kg  is standing at the point P  on 

the ladder, where 9 mAP = , find the value of M . 

MMS-P , 25M =  
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Question 28     (****) 

 

 

 

 

 

 

 

 

The figure above shows a uniform ladder AB  of length 5  metres and of mass M  kg 

resting with the end A  on rough horizontal ground and the end B  against a smooth 

vertical wall. The end B  is 4  metres from the horizontal ground. 

In order for the ladder to stay in equilibrium a block of mass m  kg is placed on the 

bottom end of the ladder but not in contact with the ground. 

The coefficient of friction between the ladder and the ground is 3
10

. 

Find, in terms of M , the smallest value of m  that will keep the ladder in equilibrium. 

1
4

m M=  

 

 

4
5

A

B
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Question 29     (****) 

A uniform ladder rests in limiting equilibrium with its bottom end on rough horizontal 

ground and its top end against a smooth vertical wall.  

The ladder lies in a vertical plane perpendicular to the wall and the ground, and makes 

an angle of θ  with the ground. The coefficient of friction between the ladder and the 

ground is µ . 

a) Show clearly that 

2 tan 1µ θ = . 

The uniform ladder is next placed with its bottom end on rough horizontal ground and 

its top end against a rough vertical wall. The ladder lies in a vertical plane 

perpendicular to the wall and the ground, and makes an angle of ϕ  with the ground. 

The coefficient of friction between the ladder and the ground is µ . The coefficient of 

friction between the ladder and the wall is also µ . 

b) Show further that  

2 2 tan 1µ µ ϕ+ = . 

proof  
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Question 30     (****) 

 

 

 

 

 

 

 

 

The figure above shows a non-uniform rod AB , of mass m  and length L , rests in 

equilibrium with the end A  on a rough horizontal floor and the other end B , against a 

rough vertical wall. 

The rod is in a vertical plane perpendicular to the wall and makes an angle θ  with the 

floor, where 4tan
3

θ = . The coefficient of friction between the rod and the floor is 1
3

 

and the coefficient of friction between the rod and the wall is 3
4

. 

The rod is on the point of slipping at both ends. 

The centre of mass of the rod is at the point G . 

Determine, in terms of L , the distance AG . 

5
9

AG L=  

 

 

θ

L

B

A
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Question 31     (****) 

 

 

 

 

 

 

 

 

The figure above shows a uniform rectangular lamina ABCD , of weight 600 N , 

resting in equilibrium with the vertex A  on rough horizontal ground and the other 

vertex B , against a smooth vertical wall. It is further given that AD BC a= =  and 

4AB CD a= = . 

The lamina lies in a vertical plane perpendicular to the wall and makes an angle θ  

with the ground. The coefficient of friction between the lamina and the ground is 1
8

. 

Given that the lamina is in limiting equilibrium, determine the value of tanθ . 

tan 2θ =  

 

 

 

D

C

B

A

θ
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Question 32     (****+)  

 

 

 

 

 

 

The figure above shows a straight log AB  has weight W  and length 2a . 

A cable BC  is attached to one end of the log B , lifting that end off the ground while 

the other A  end remains in contact with the rough horizontal ground. The cable is 

making an angle ϕ  to the horizontal while the log is making an angle θ  to the ground, 

where 8tan
15

θ = . The tension in the cable is Wλ . The log is in limiting equilibrium 

and the coefficient of friction between the log and the ground is 3
4

.  

By modelling the log as a uniform rod and the cable as a light inextensible string 

show clearly that … 

a) … the normal reaction between the log and the ground has magnitude 5
14

W . 

b) … the angle ϕ  satisfies 12tan
5

ϕ =  and the value of λ  is 39
56

. 

proof  

 

 

A

B

θ

C

ϕ

2a
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Question 33     (****+)     

 

 

 

 

 

 

 

A uniform rod AB , of length 2a , is resting with its end A  on rough horizontal 

ground and a point T  on the rod in contact with a rough fixed prism of semicircular 

cross-section, of radius a . The rod lies in a vertical plane which is perpendicular to 

the axis of the prism, as shown in the figure above. 

The coefficient of friction between the rod and the ground at A  and between the rod 

and the prism at T  , is µ , 0 1µ< < . 

When the rod is inclined at an angle θ  to the horizontal, where 3tan
4

θ = , the rod is at 

the point of slipping. 

Determine the value of µ . 

MMS-U , 0.425µ ≈  

  

A

B

O

T

a

θ
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Question 34     (****+) 

 

 

 

 

 

 

 

 

 

A non uniform rod AB  of length 6 m  and weight 600 N  rests in equilibrium over a 

smooth peg at C , where 1BC = m . A light inextensible wire is attached to the rod at 

A , and is inclined at an angle θ  to the rod. The wire and the peg support the rod at 

30°  to the vertical, as shown in the figure above. 

Given that the position of the centre of mass of the rod is located 2 m  from A , 

determine the tension in the wire and the value of θ . 

550 NT ≈ , 19.1θ ≈  

 

 

 

 

A

30°

C

B

wire

θ
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Question 35     (****+) 

A uniform ladder AB  of mass m  and length 2a  has one of its end A  on rough 

horizontal ground and the other end B  against a smooth vertical wall.  

The ladder lies in a vertical plane perpendicular to the wall and the ground, and makes 

an angle of α  with the horizontal ground, where 5tan
4

α = . The coefficient of 

friction between the ladder and the ground is 1
3

. 

A window cleaner of mass 8m  stands at the top of the ladder B  and his helper pushes 

the bottom of the ladder A   towards the wall with a force of magnitude P N . This 

force is horizontal and its direction is perpendicular to the wall. The ladder remains in 

equilibrium. 

The window cleaner is modelled as a particle and the ladder as a uniform rod. 

a) Find the magnitude of the force exerted by the wall on the ladder at B . 

b) Show clearly that  

19 49
5 5

mg P mg≤ ≤ . 

c) State the value of P  for which the frictional force on the ladder is zero. 

34
5

N mg= , 34
5

P mg=  
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Question 36      (****+) 

 

 

 

 

 

The figure above shows a uniform rod AB , of length 2a  and weight W N, with one 

of its ends A  in contact with a rough vertical wall. The rod is kept in equilibrium in a 

horizontal position by a light inextensible string BC , where C  lies on the same wall 

vertically above A . A particle of weight 100  N is placed at the point  D  on the rod, 

where BD x= . The plane ABC  is perpendicular to the wall and the angle ABC  is θ , 

where 3sin
5

θ = . 

a) Show that the tension in the string is  

( )5 200 500

6

a W x

a

+ −
. 

The normal reaction and the friction of the wall on the rod are 150 N and 37.5 N, 

respectively. 

b) Find the value of  W . 

c) Show that 1
4

x a= . 

x 50 NW =  

 

A
B

2a

θ
D

C

x
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Question 37     (****+) 

 

 

 

 

 

 

 

 

The figure above shows a uniform rod AB , of mass 60 kg  and length 3 m , with the 

end A  resting on rough horizontal ground. The rod is held in equilibrium at an angle 

θ  to the vertical by a light inextensible string. One end of the string is attached to the 

rod at the point C , where 1.8AC = m . The other end of the string is attached to the 

point D , which is lies at a height of 2.5 m  vertically above A . 

a) Determine in terms of g  and θ  … 

i. … the magnitude of the frictional force at A . 

ii. … the magnitude of the normal reaction on the rod at A . 

b) The rod is in limiting equilibrium when 3tan
4

θ = . 

c) Find the coefficient of friction between the rod and the ground. 

36 sinF g θ= , ( )2 5 18cosR g θ= + , 54 0.557
97

µ = ≈  

 

A

B

C

2.5m

D

1.8 m
θ
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Question 38      (****+) 

A non uniform ladder AB  has length a , and its centre of mass is located at a distance 

k  from A . 

One of the ends of the ladder, A , is resting against a rough vertical wall and the other 

end, B , is resting on rough horizontal ground. 

The coefficient of friction at both A  and B  is 0.75 . 

When AB  is inclined at ( )4arctan
3

 to the wall the equilibrium is limiting at both ends 

of the ladder. 

Determine the value of  
k

a
. 

X , 
7

25

k

a
=  
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Question 39      (****+) 

A uniform ladder AB  has length 6 m  and is inclined at ( )4arctan
3

 to the ground. 

One of the ends of the ladder, A , is resting against a rough vertical wall and the other 

end, B , is resting on rough horizontal ground. 

The coefficient of friction at both A  and B  is 0.5 . 

Calculate the greatest distance from B  a man that is five times as heavy as the ladder 

can climb. 

X , 4.68 md =  
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Question 40     (****+) 

 

 

 

 

 

 

 

The figure above shows a plank AB  modelled a uniform rod of mass m  kg. 

The end of the plank A  rests on rough horizontal ground, where the coefficient of 

friction between the plank and the ground is denoted by µ .  

The plank is inclined at an angle θ  to the horizontal and is kept in position by a force 

F N  acting at B . The force F  is acting at an angle α  to the plank, where a θ> . 

Given the plank is in limiting equilibrium, show that the magnitude of the normal 

reaction of the ground on the plank at A  is 

( )2 1 tan

mg

µ θ−
. 

proof  

 

 

α

A

B

θ

F
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Question 41     (****+)  

 

 

 

 

 

 

 

 

A uniform rod AB , of mass 2m  and length a , is freely hinged at a fixed point A . A 

particle of mass m  is suspended by a light string at B . The rod is kept in equilibrium, 

at an angle θ  above the horizontal by a light wire attached to the rod at the point C , 

where AC ka= , 0 1k< < . The wire meets the rod at right angles and lies in the same 

vertical plane as the rod. 

a) Find an expression, in terms of m , g , θ  and k , for the tension in the wire. 

The reaction force of the hinge at A  acts in the direction AB . 

b) By considering two separate expressions for the horizontal component 

reaction force of the hinge at A  and for the vertical component reaction force 

of the hinge at A , determine the value of k . 

2 cosT mg
k

θ= , 2
3

k =  

 

m

C
a

ka

wire

B

A θ
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Question 42     (****+) 

 

 

 

 

 

 

 

A metal beam, of length 6 m  and mass 70 kg , is modelled a uniform rod. 

The end of the beam A  rests on rough horizontal ground, where the coefficient of 

friction between the beam and the ground is 3
4

.  

The beam is inclined at an angle θ  to the horizontal and is kept in a position of 

equilibrium by a force F N  acting at the point C , on the beam where 5AC = m .  

The force F  is acting at an angle α  to the plank, where a θ> . 

Given further that the plank is in limiting equilibrium, and 2tan
5

θ = , find in exact 

form the value of tanα  and the magnitude of F . 

X , 30 2F g=  

 

α

A

B

θ

F

C
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Question 43      (*****) 

 

 

 

 

 

 

The figure above shows a uniform rigid rod AB  resting on a rough peg. The rod has 

weight W N  and length 6 m  and rests on the peg at the point C , where AC  is 4 m . 

The coefficient of friction between the rod and the peg is 0.5 . 

The end A  of the rod rests in on rough ground, where the coefficient of friction 

between the rod and the ground is µ . 

The rod is inclined at angle θ  to the horizontal and the points A , B  and C  lie in a 

vertical plane which is perpendicular to the ground.  

Given the equilibrium is limiting both at A  and at C , show clearly that 

2

6 tan 3

8tan 3tan 2

θ
µ

θ θ

−
=

− +
. 

MMS-S , proof  

 

 

4

6

θ

B

A
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Question 44      (*****) 

 

 

 

 

 

 

 

A smooth hollow hemispherical bowl of radius a  and centre at O , is fixed so that its 

circular rim lies in a horizontal plane. 

A smooth uniform rod PQ , of length L , rests in equilibrium with its end P  at some 

point inside the bowl, as shown in the figure above. 

The rod is in contact with the rim of the hemisphere at some point B , so that PB L< , 

and is inclined at an angle θ  to the horizontal. 

 Show that 

4 cos2

cos

a
L

θ
θ

= . 

MMS-T , proof  

 

 

θ
P

Q

A O

θ
Baa
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Question 45      (*****) 

 

 

 

 

 

 

 

A smooth hollow hemispherical bowl of radius a  and centre at O , is fixed so that its 

circular rim lies in a horizontal plane. 

A smooth uniform rod PQ , of length L , rests in equilibrium with its end P  at some 

point inside the bowl, as shown in the figure above. 

The rod is in contact with the rim of the hemisphere at some point B , so that PB L< , 

and is inclined at an angle 30°  to the horizontal. 

Show that 

3

4
a L= . 

M456-T , proof  

 

30°
P

Q

A O

30°

Baa
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Question 46      (*****) 

Two spheres of respective radius a  and 2a , are fixed on level horizontal ground. 

The spheres are touching each other.  

A uniform rod of length 4a  is gently placed over the two spheres, touching the two 

spheres in such a way so that the centre of mass of the rod is equidistant from the two 

contact points of the rod with the spheres. 

The coefficient of friction at the contact point with the smaller sphere is µ  and at the 

contact point with the larger sphere is 3µ . 

If the rod remains in equilibrium, show that 2kµ ≥ , where k  is a rational constant. 

M456-S , 4
7

k =  

 

 


