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1. The two uniform rods AB and BC of length 2a and Weight 𝑊𝑊 are 

smoothly hinged at B. The points A and C are on a smooth 

horizontal plane. The system ABC is kept in a vertical plane at 

equilibrium by an inelastic string connecting the points A and C so 

that the angle  𝐴𝐴𝐵𝐵𝐶𝐶∡ = 2𝛼𝛼. Find the reaction at B hinge, the 

reactions at A and C and the tension in the string. 

2. Two uniform rods AB, BC of length 2𝑎𝑎 and weight 𝑊𝑊 and 𝑘𝑘𝑊𝑊 are 

smoothly hinged at B. The ends A and C are on a rough horizontal 

plane so that the angle 𝐴𝐴𝐵𝐵𝐶𝐶 ∡ = 900, ABC is on a vertical plane 

and the entire system is at equilibrium. Find the action at B and the 

reaction at A and C. Find the requirement for equilibrium when 𝑘𝑘 >

1. The friction coefficient is  𝜇𝜇. 

3. Two uniform rods of same length and weights  𝑊𝑊, 2𝑊𝑊 are joined 

smoothly at B. AB, BC rods are 𝛼𝛼 inclined to the horizontal by an 

inelastic string connecting the mid points of AB and BC. The A and C 

ends are on a smooth horizontal plane while ABC is on a vertical 

plane. Find the components of the action of B, reaction of A and C 

and the tension of the string.  

Show that the action of B is 𝑐𝑐𝑎𝑎𝑡𝑡−1 � 
16 tan 𝛼𝛼 � degrees to the 

horizontal plane. 

4. Two uniform rods of same length and weights  W, 2W are joined 

smoothly at B. AB, BC rods are α inclined to the horizontal by an 

inelastic string connecting the mid points of AB and BC. The A and C 

ends are on a smooth horizontal plane while ABC is on a vertical 

plane. Find the components of the action of B, reaction of A and C 

and the tension of the string. 
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Show that the action of B is 𝑐𝑐𝑎𝑎𝑡𝑡−1 � 
16 tan 𝛼𝛼 � degrees to the 

horizontal plane. 

5. AB,BC uniform rods of length 2𝑎𝑎 and weight 𝑊𝑊 are hinged smoothly 

at B. A is connected by a stationary smooth pivot with AB, BC rods 

at an 𝛼𝛼, 𝛽𝛽 inclination by exerting a horizontal force of 2𝑊𝑊 at the 

point C. The system is at equilibrium. Find the angles 𝛼𝛼, 𝛽𝛽 and the 

reaction at A and B joints. 

6. Four uniform rods of length 2𝑎𝑎 and weight 𝑊𝑊 are smoothly hinged 

at points A, B, C, D and are freely hanging from point A. The system 

is kept in equilibrium by a light rod connecting points B and D. 

Angle  𝐵𝐵𝐴𝐴𝐷𝐷 ∡ = 2𝛼𝛼. Find the action at the hinge C and the thrust 

or tension of the light rod. 

7. Four uniform rods of length 2𝑎𝑎 and weight 𝑊𝑊 are smoothly hinged 

at the points A, B, C, D and freely hanging from A. An inelastic string 

connects the points A and C so that ABCD forms a square. The 

system is at equilibrium. Find the tension of the inelastic string and 

the action at the hinges B or D. 

8. Four uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight are smoothly hinged 

at the points A, B, C and D. System is hanging freely from A and at 

equilibrium by an inelastic string connecting the midpoints of AB 

and BC so that angle 𝐵𝐵𝐴𝐴𝐷𝐷 ∡ = 2𝛼𝛼. Find the tension of the string 

and the reactions at the free joints. 

 

9. AB, BC uniform rods of length 2𝑎𝑎, 2𝑏𝑏  and weight 3𝑊𝑊, 4𝑊𝑊  are 

smoothly hinged at B. A is in contact with a rough horizontal plane 
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while C is in contact with a smooth vertical wall. AB is 𝛼𝛼 inclined to 

the horizontal while BC is 𝛽𝛽 inclined to the lower vertical and at 

equilibrium. The frictional coefficient at contact point A is 𝜇𝜇. Show 

that 4 tan 𝛼𝛼 tan 𝛽𝛽 = 11 and 7𝜇𝜇/2 > tan 𝛽𝛽. 

10. Four uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight each are smoothly 

hinged at the points A, B, C, D. A light rod connecting the midpoints 

of BC, CD rods and system is hanging from A so that angle  𝐵𝐵𝐴𝐴𝐷𝐷 ∡ = 2𝛼𝛼. Find the reaction at the free joints and the thrust or 

tension of the light rod. 

11. Six uniform rods of length 2𝑎𝑎 and weight 𝑊𝑊 each are smoothly 

hinged at A, B, C, D, E, F points. The system is kept in equilibrium as 

a hexagon by a light horizontal rod PQ with smooth hinges at two 

points of the rods BC and EF. The whole system is hanging from A. 

Find the reaction at the free joints and the thrust or tension of the 

light rod. If 𝐵𝐵𝐵𝐵 = 𝑥𝑥, find 𝑥𝑥. 

12. ABCDE pentagon is formed of uniform rods length 2𝑎𝑎 and 𝑊𝑊 weight 

each. All hinges are smooth joints. The pentagon is balanced 

symmetrically on a vertical plane with A below, CD horizontal and 

AB, AE in contact with smooth pegs P and Q. The pegs are on the 

same horizontal level with 𝑎𝑎 distance between each to form a 

regular pentagon. Find the reaction on the pegs. 

13. Four uniform rods each of length 2𝑎𝑎 and 𝑊𝑊 weight are smoothly 

hinged at the points A, B, C and D. The system is hanging from point 

A, so that angle 𝐵𝐵𝐴𝐴𝐷𝐷 ∡ = 600 . An unending inelastic string 

through two fixed smooth rings connect the mid points of the rods 
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AB, AD and the point C. The system is at equilibrium. Show that the 

tension in the string is 28𝑊𝑊�4√21 +  7√3�/ 189. 

14. AB and BC are similar uniform rods each of weight 𝑊𝑊, hinged freely 

from the point B. The inelastic string connecting the mid points of 

the rods are so long that when straight and without any curves the 

angle ABC is a right angle. If the system is freely hanging from the 

point A, at equilibrium show that the inclination of AB to the 

vertical is 𝑐𝑐𝑎𝑎𝑡𝑡−1(1/3) and the tension in the string to the vertical 

is 3𝑊𝑊/√5. Show that the reaction forces of B hinge on the rod BC 

acts along the length of BC. 

15. AB, BC, CD uniform rods each of length 2a and W weight are freely 

hinged at the points B and C. AB and CD are supported by a smooth 

stationary peg with BC on a horizontal plane. The pegs are 

distanced by a length of 2c on a horizontal plane. Show that AB is α 

inclined to the vertical when the system is at rest. Also sin α =

 �3(c−a)2a �1/3
. Find the reaction of B and show that it makes a degree 

of  tan −1(
Tan α3 ) with the horizontal. 

16. AB and AC are two similar uniform rods each of weight W hinged 

freely at A. The B, C ends are attached to a light inelastic string. B 

and C are at rest, placed symmetrically on two smooth planes 

inclined at an angle α  to the horizontal each. BC is placed 

horizontally and A is located above BC. ABC is in a vertical plane. 

Find the reaction of B. Show that the tension of the string is 
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W (tan θ − 2 tan α)/2 if tan θ  > 2 tan α  with angle BAC∡ =

2 θ. Find the reaction of A. 

17. OA, AB uniform rods each of length 2a and weight 2W, 3W are 

hinged smoothly at A end and pivoted stationary and freely hanging 

from O. System is kept at its equilibrium by a horizontal force of P at 

B. OA, AB rods are vertically inclined at angles of α and β. Find the 

reaction at P and the hinges O and A. Show that 3 cot α tan β = 8. 

18. Six uniform rods each of length 2a and weight W are smoothly 

hinged at the points A, B, C, D, E, F and hanging from A in the shape 

of a hexagon. BF, CE light rods supports the system in equilibrium. 

Show that the thrust on the BF, CE rods are   5W
√32 𝑎𝑎𝑡𝑡𝑎𝑎 𝑊𝑊 √32  

19. Six uniform rods of length 2a and W weight are smooth hinged from 

the ends. AB is stationary and horizontal. The system is vertical and 

shaped as the hexagon ABCDEF by light inelastic unending strings 

through smooth rings at the points A, 

20. AB, BC uniform rods each of length 2a and weight 3W and 2W are 

smoothly hinged at B. The system is pivoted at A and allowed free 

movement in a vertical plane through A. Two coupled forces G1, G2 

are exerted on AB and BC to support the system to equilibrium by 

angles α and β inclined to the vertical. Find G1, G2 and the reactions 

of A and B. 

21. BC, CA and AB are three uniform rods of 4a length each and weights 

of 𝑤𝑤1 , 𝑤𝑤2 , 𝑤𝑤3. The ends are smoothly hinged to make a triangle. AB 

is above C and in contact with two smooth pegs on the horizontal. 
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The system at rest has 𝑊𝑊1 and  𝑊𝑊2 weights hanging from A and B 

hinges. 𝐴𝐴𝐵𝐵 = 𝐵𝐵𝐵𝐵 = 𝑎𝑎. Show that 𝑤𝑤3 + 2𝑤𝑤1 + 3𝑊𝑊2 − 𝑊𝑊1 ≥
0, 𝑤𝑤3 + 2𝑤𝑤2 − 𝑊𝑊2 + 3𝑊𝑊1 ≥ 0 is required to fulfil the condition 

of equilibrium. Find the reaction of C hinge exerted upon the rod BC. 

22. AB, BC, CD uniform rods of length 𝑙𝑙, 2𝑎𝑎, 𝑙𝑙 are weightless. They are 

smoothly hinged at B and C. 𝑊𝑊 weights are hanging from A and D. 

The system is at equilibrium and in contact with a stationary 

smooth cylinder of radius 𝑎𝑎√3 and a horizontal axis. If BC is in 

contact with the cylinder find the reaction on BC by the cylinder and 

show that the condition for contact is 𝑙𝑙 < 4𝑎𝑎. If 𝑙𝑙 > 4𝑎𝑎 and AB is 𝜃𝜃 

inclined to the horizontal, Show that 𝑙𝑙 𝑐𝑐𝑐𝑐𝑐𝑐3𝜃𝜃 = 𝑎𝑎(√3 sin 𝜃𝜃 − 1). 

Find the action of B or C. 

23. AB, AC are similar uniform rods each of weight 𝑊𝑊. They are 

smoothly hinged at A. The B, C ends are connected by a light string. 

B and C ends are at its symmetrical rest on two rough planes that 

are inclined facing each other at a degree of 𝛼𝛼(< 𝜋𝜋/2) to the 

horizontal. The planes of the rods are vertical. 

24. AB uniform rod of length 2𝑙𝑙, weight 𝑊𝑊 is smoothly hinged from the 

A end to a light rod AC of length 2 𝑙𝑙. The point B is in contact with a 

rough vertical wall with coefficient of friction 𝜇𝜇. C is pivoted below 

smoothly to the wall. A counterclockwise couple force G is exerted 

on the rod AC. B is on the point of moving up and in its limiting 

equilibrium. Angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 𝛼𝛼.  Show that the horizontal 

component of the action of B is  
𝑊𝑊2(𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼−𝜇𝜇)

.  
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25. AB, AC are two similar uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight 

freely hinged to make a triangle with the uniform rod BC of 𝑤𝑤 

weight. Angle  𝐴𝐴𝐵𝐵𝐶𝐶∡ = 2𝛼𝛼. At equilibrium, BC is horizontal, A is 

below BC, ABC is vertical through B by the G coupled force on the 

AB rod. Find, 

i. The →, ↑ components of the reactions at the A and C 

hinges. 

ii. The magnitude and direction of G . 

 

26. AB, BC are uniform rods of length 2𝑙𝑙 and 𝑊𝑊 weight smooth hinged 

from B to make a straight-line ABC at equilibrium. The rods contact 

smooth horizontal pegs at L(for AB) and M(for BC). 𝐵𝐵𝐵𝐵 = 𝑎𝑎, 𝐵𝐵𝐵𝐵 =𝑏𝑏. 

i. Using the equilibrium of system, show that the reactions 

of L and M are 
2𝑏𝑏𝑊𝑊

(𝑎𝑎+𝑏𝑏)
 and 

2𝑎𝑎𝑊𝑊
(𝑎𝑎+𝑏𝑏)

 . 

ii. Using the equilibrium of the rods, show that 2𝑎𝑎𝑏𝑏 =𝑙𝑙(𝑎𝑎 + 𝑏𝑏) . Show that if 𝑎𝑎 > 𝑙𝑙  then 𝑏𝑏 > 𝑙𝑙 . Prove that the 

action of B is 
𝑊𝑊(𝑎𝑎−𝑏𝑏)

(𝑎𝑎+𝑏𝑏)
 

iii. Find G when the peg at M for the BC rod is substituted by 

the couple force G and supported to its equilibrium. Show 

that 𝑎𝑎 = 𝑙𝑙/2  . 

27. AB, BC are two uniform rods of length 2𝑎𝑎 and 𝑊𝑊, 2𝑊𝑊weights. They 

are smooth hinged at B and supported to its equilibrium by rough 

horizontal pegs P and Q. 𝐵𝐵𝐵𝐵 = 𝑎𝑎, ABC are on a vertical plane with 

angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 900. The rod BC is on the point of moving down on 
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Q. The coefficient of friction at the contact points is 1/3. Find the 

angle of BC to the horizontal and the action at B. 

28. Four uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight are smooth hinged at 

the points A, B, C, D and hanging from A. BC, CD midpoints are 

attached by an inelastic string of length a. A vertical 3𝑊𝑊 force is 

used at C to support the system to be in equilibrium. Find the 

tension in the string. 

29. A uniform cylinder of 3W weight is at equilibrium lying on a rough 

surface with its axis horizontal. The rough surface is 𝛼𝛼 inclined to 

the horizontal. A horizontal uniform rod AB of  2𝑊𝑊 weight is 

smoothly pivoted by its end A to a point on the inclined surface so 

that the B end is at the highest point of the cylinder. The rod is on a 

vertical plane through the cylinders centre of gravity. The rod is 

also perpendicular to the cylinder axis. The entire system is at 

equilibrium. The coefficient of friction is 𝜇𝜇. At equilibrium, show 

that 𝜇𝜇 ≥ 4 tan(𝛼𝛼/2). Find the vertical and horizontal components 

of the action of A. 

30. A sphere of O centre, a uniform radius and 2𝑊𝑊 Weight is in contact 

with a rough horizontal plane at the point P. The uniform rod AB of 

length 2𝑎𝑎 and 𝑊𝑊 weight is pivoted smoothly by its end A to a plane 

at the rough horizontal plane. The rod touches the sphere at the 

point Q and is supported to its equilibrium with an incline of 2𝜃𝜃. 

The rod is in a vertical plane through the centre of the sphere. Show 

that P and Q resultant reaction is along PQ and prove that their 

magnitudes are equal and of 𝑊𝑊 sin 𝜃𝜃(1 − 𝑐𝑐𝑎𝑎𝑡𝑡2𝜃𝜃).  Find the 

vertical, horizontal components of the action of A. 
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31. AB and BC are two uniform rods of length 2𝑎𝑎 and weights 𝑊𝑊 and 

2𝑊𝑊. The rods are smoothly hinged at B so that the angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ =

2𝜃𝜃 and A, C points are on a smooth horizontal plane. ABC is 

maintained on a vertical plane at equilibrium by an inelastic string 

connecting the points A and C. Find the action at B hinge, the 

tension of the string and the reaction forces acting on A and C. 

32. AB and BC are two uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight. The 

rods are freely hinged at B. The points A and C are on a rough 

horizontal plane so that the angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 900 is a right angle. ABC 

is at equilibrium on a vertical plane. A single point of 𝑊𝑊 weight is 

connected 𝑎𝑎/4  distance from A. Find the reaction at B, The 

perpendicular reaction at contact points and the frictional forces. 

33. AB and BC are two uniform rods of length 2𝑎𝑎 and weights 5𝑊𝑊 and 𝑊𝑊. The rods are smoothly hinged at B with A and C points on a 

smooth horizontal plane. ABC is kept on a vertical plane by an 

inelastic string connecting the points A and the midpoint of BC. 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 2𝜃𝜃. Find the reaction at B and prove that the tension of 

the string is 3𝑊𝑊 √1+9 𝑐𝑐𝑎𝑎𝑡𝑡2𝜃𝜃4 . Find the reaction forces at the contact 

points. 

34. Four uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight are smoothly hinged 

at the points A, B, C and D. The system is hung by the point A so that 

the angle 𝐵𝐵𝐴𝐴𝐷𝐷∡ = 600. The system is at equilibrium by a light rod 

connecting the points B and D. Find the reaction at C hinge and 

prove that the thrust of the light rod is 
2𝑊𝑊√33 . 
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35. AB and BC are two uniform rods of length 2𝑎𝑎 and weights 2𝑊𝑊 and 

4𝑊𝑊 smooth hinged at B and hung at the point A. The system is at 

equilibrium by a horizontal force T applied at the point C. If AB is 

inclined 300 degrees to the downward vertical, show that BC is 

inclined at 𝑐𝑐𝑎𝑎𝑡𝑡−1 2√35  to the horizontal and 𝑇𝑇 = 5𝑊𝑊 √36 . Find the 

reaction at the hinge B. 

 

36. AB and BC are two uniform rods of length 2𝑎𝑎 and weights 3𝑊𝑊 and 

2𝑊𝑊. The rods are rigidly fixed to each other so that the angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 900 is a right angle. Show that the AB makes an angle 𝑐𝑐𝑎𝑎𝑡𝑡−1(
27) to the vertical and find the tension of the string. 

37. AB and BC are two uniform rods of length 2𝑎𝑎 and weights 3𝑊𝑊and 

2𝑊𝑊. The rods are smoothly hinged at B and hung by point A. The 

system is at equilibrium by an inelastic string connecting A and C. 

Show that the tension of the string is 7𝑊𝑊� 253 and show that the 

horizontal and vertical components of the reaction at B are 
35𝑊𝑊53  and 43𝑊𝑊53 . 

38. AB and BC are two uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight each. 

The rods are smoothly hinged at B and pivots around the point A on 

a horizontal plane so that the angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 2𝛼𝛼. ABC is on a 

vertical plane. The C end is in contact with a rough horizontal plane 

at equilibrium. Show that 2𝜇𝜇 ≥ tan 𝛼𝛼. Find the reaction at B hinge 

and the action at the A hinge. 
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39. Three uniform rods of length 2𝑎𝑎 and weight 𝑊𝑊 are smoothly hinged 

at A, B, C forming an equilateral triangle. The system is hung by the 

point A at equilibrium. Find the action force at B or C hinge. 

40. Four uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight are connected at the 

points A, B, C and D. The system is hung by the point A. A and C 

points are connected by an inelastic string that brings the system to 

equilibrium. The angle 𝐵𝐵𝐴𝐴𝐷𝐷∡ = 2𝛼𝛼. Find the reaction at B or B 

hinge and show that the tension of the string is 𝑇𝑇 = 2𝑊𝑊. 

41. AB, BC and CD are three uniforms rods of length 2𝑎𝑎 and 𝑊𝑊 weight. 

The rods are smoothly hinged at B and C with the points A and D 

points in contact with a rough horizontal plane and ABCD on a 

vertical plane. The system is at equilibrium. The angle 𝐵𝐵𝐴𝐴𝐷𝐷∡ =

600  and angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 1200 . Find the frictional force, the 

perpendicular reaction and the action at the B hinge. 

42. Two uniforms rods of equal lengths are smoothly hinged at B. The 

weights are 𝑊𝑊 and 2𝑊𝑊 each. A and C points are in contact with a 

rough horizontal plane, the angle 𝐴𝐴𝐵𝐵𝐶𝐶∡ = 2𝛼𝛼, ABC is on a vertical 

plane and the system is at equilibrium. The coefficients of friction 

are 𝜇𝜇1 and 𝜇𝜇2 at the points A and C. Find the horizontal and vertical 

components of the action at B hinge. Show that 𝜇𝜇1 ≥ 35 𝑐𝑐𝑎𝑎𝑡𝑡𝛼𝛼 and 

 𝜇𝜇2 ≥ 37 𝑐𝑐𝑎𝑎𝑡𝑡𝛼𝛼 . 

 

43. AB and BC are two uniform rods of length 2𝑎𝑎 and 𝑚𝑚 mass each. The 

rods are smoothly hinged at B and A and C are in contact with a 

rough horizontal plane so that the angle  𝐴𝐴𝐵𝐵𝐶𝐶∡ = 2𝛼𝛼. ABC is on a 
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vertical plane and the system is at equilibrium. The coefficients of 

friction at the contact points are 𝜇𝜇. Find the horizontal and vertical 

components of the action at B hinge. Show that 2𝜇𝜇 > tan 𝛼𝛼. 

If a coupled force of increasing magnitude N is applied on the rod 

BC in the vertical plane in the direction of ACB, show that when 

 𝑁𝑁 > 2𝑎𝑎𝑚𝑚𝑎𝑎(2𝜇𝜇 − tan 𝛼𝛼) / (sec 𝛼𝛼 + 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝜇𝜇𝑐𝑐 𝛼𝛼), the point C 

will slide away. 

 

44. Five uniform rods of length 2𝑎𝑎 and 𝑊𝑊 weight are freely hinged to 

make a chain. The free ends of the chain pivot smoothly at the 

points A and B on the same horizontal line. When the system is at 

equilibrium the first and fifth rods are inclined at an angle 𝛼𝛼 to the 

horizontal. Show that the second and fourth rods are inclined at an 

angle 𝑐𝑐𝑎𝑎𝑡𝑡−1[tan 𝛼𝛼/2]. Show that the angle of the action force at 

one of the pivots is 𝑐𝑐𝑎𝑎𝑡𝑡−1[5 tan 𝛼𝛼/4] to the horizontal. 

Show that with 𝐴𝐴𝐵𝐵 = 4𝑎𝑎, a vertical force 2𝑊𝑊 must be applied at 

the midpoint of the third rod to keep the second, third and fourth 

rods in a horizontal line. Show that the action at the smooth pivot in 

this situation is  𝑐𝑐𝑎𝑎𝑡𝑡−1 �3
√32 � to the horizontal. 

 

45. Two uniform rods AB and BC of length 2𝑎𝑎 and 𝑊𝑊 weights are 

smoothly hinged at B. Two smooth pegs on the horizontal plane 

support the two rods at equilibrium. The distance between the pegs 

are 2𝑏𝑏. There is a 2𝑊𝑊 weight hanging from B and the rods are in a 

vertical plane so that B is above the pegs and the system is at 

equilibrium. Show that in this arrangement the angle of inclination 
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to the horizontal 𝛼𝛼  for either rod is given by the equation  𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐3𝛼𝛼 = 2𝑏𝑏. Find the action on the rod AB by the B hinge. 

46. Four rods OA, OB, OC, OD of length 2𝑎𝑎 and uniform mass 𝑚𝑚 are 

smoothly hinged at O. Four elastic strings connecting the points A, 

B, C, D brings the system to equilibrium forming a square. A, B, C, D 

are in contact with a rough horizontal plane. The angle  𝐴𝐴𝑂𝑂�𝐶𝐶 =

2𝛼𝛼. The elastic modulus is  
𝑚𝑚𝑚𝑚2√2. Each string has a natural length of  𝑎𝑎√2. The coefficient of friction between the rod and the floor is  𝜇𝜇. 

When the system is at equilibrium, show that  2𝜇𝜇 ≥ 1 +

tan 𝛼𝛼 − 2 sin 𝛼𝛼. 

47. Three uniform rods of equal lengths and weight are smoothly 

hinged by the ends forming a triangle. An inelastic string connects 

the midpoint of a rod and hangs the system at equilibrium. Find the 

tension of the string and the action at the three hinges. 

48. Two uniform rods of equal lengths a and weight W are smoothly 

hinged at B. Two smooth pegs P and Q support ABC on a horizontal 

plane at equilibrium. 𝐵𝐵𝐵𝐵 = 𝑥𝑥, 𝐵𝐵𝐵𝐵 = 𝑦𝑦. Show that 𝑎𝑎(𝑥𝑥 + 𝑦𝑦) = 2𝑥𝑥𝑦𝑦 

and 𝑦𝑦 ≥ 2𝑎𝑎/3. Find the relationship of 𝑎𝑎 and 𝑥𝑥 to the reaction at P, 

Q and the action at B. If the peg P cannot sustain a thrust greater 

than 5𝑊𝑊/4 show that 𝑦𝑦 ≤ 4𝑎𝑎/3. 

49. Two uniform rods of length 2𝑎𝑎 and weights  2𝑊𝑊, 𝑊𝑊 are smoothly 

hinged at B so that the angle ABC is a right angle. The point A is a 

fixed, smooth pivot. A string of length 2√2𝑎𝑎 connects the points A 

and C. The system is at equilibrium. Show that the tension of the 



Smooth Joints 

14 

 

string is  
4𝑊𝑊√34. Find the horizontal and vertical components of the A 

and B pivot. 

50. A right circular cylinder has a cross section centre O, radius  𝑎𝑎, a 

horizontal axis and a smooth surface. Three uniform rods AB, BC, 

CD of length 2𝑎𝑎 and weight 𝑊𝑊 are smoothly hinged at B and C so 

that the centre of gravity (G) of rod BC is vertically above the centre 

O. At equilibrium the BC rod is in contact with the cylinder. Show 

that the action by the rod BC on the cylinder is  
57𝑊𝑊25 . Find the action 

at the point B by the AB rod.  

51. Four rods of length 𝑎𝑎 and 𝑊𝑊 weight are smoothly hinged at the 

points A, B, C, D to form a rhombus. The system is on a vertical 

plane. The light rod BD is smoothly hinged to the points B and D so 

that C is above A. Two smooth pegs with a distance of b support AB 

and AD at equilibrium. The angle  𝐵𝐵�̂�𝐴𝐷𝐷 = 2𝛼𝛼. Show that the thrust 

of BD is  
𝑊𝑊�𝑏𝑏𝑐𝑐𝑐𝑐𝑏𝑏𝑏𝑏𝑐𝑐2𝜃𝜃−4𝑎𝑎𝑏𝑏𝑎𝑎𝑡𝑡𝛼𝛼�2𝑎𝑎𝑐𝑐𝑐𝑐𝑏𝑏𝛼𝛼  . Find the action at the hinges A and 

C. 

52. Six uniform rods of lengths 𝑎𝑎 and 𝑊𝑊 weight are smoothly hinged at 

A, B, C, D, E, F to form a regular hexagon. An inelastic string 

connecting the midpoints of the two upper rods places the hexagon 

on a vertical plane with AB in contact with the horizontal plane. If 

the two upper rods are 𝛼𝛼 inclined to the horizontal show that the 

tension of the string is 6𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼. Find the horizontal and vertical 

components of the action at the free hinges E and F.  
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53. Four uniform rods of length 𝑙𝑙 and weight 𝑊𝑊 are smoothly hinged at 

A, B, C and D. Two smooth pegs with a distance between of  2𝑏𝑏 are 

in contact with BC, CD in the same horizontal line so that A is above 

C. A weight 4𝑡𝑡𝑊𝑊 is hanging from the point C. A light rod connects A 

and C so that angle  𝐵𝐵�̂�𝐶𝐷𝐷 = 2𝜃𝜃. The system is at equilibrium. Show 

that the thrust of the rod is  2𝑊𝑊 �(𝑡𝑡 + 1)
𝑏𝑏𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝜇𝜇𝑐𝑐3𝜃𝜃 − 1�. Find 

the horizontal and vertical components of the reaction at B or D. 

 

54. Four uniform rods of length 𝑎𝑎 and 𝑊𝑊 weight are the smooth hinged 

at the points A, B, C, D and hung by A. An inelastic string connecting 

AC forms a square of the system. Two inelastic strings of length 2𝑎𝑎 

attached to the points B and D hangs a particle with a weight of  𝑊𝑊. 

Show that the tension of the string is  
𝑊𝑊�35+√7 �14 . Find the 

horizontal and vertical components of the action at C hinge. 

 

55. AB, BC, CD are uniform rods of length 2𝑙𝑙 and 𝑊𝑊 weight, smoothly 

hinged at the points B and C. Two smooth pegs in the same 

horizontal plane support AB, CD so that BC is horizontal, and the 

system is at symmetric equilibrium. AB, CD rods are 𝛼𝛼 inclined to 

the vertical. Show that the distance between the pegs is  

[2𝑤𝑤(3+2 𝑏𝑏𝑎𝑎𝑡𝑡3𝛼𝛼)]3  . Find the horizontal and vertical components of 

the reaction at the B hinge. If the action of B is 𝛽𝛽 inclined to the 

vertical show that tan 𝛼𝛼 tan 𝛽𝛽 = 3 . 

56. Four uniform rods of length 𝑎𝑎 and W weight are smoothly hinged at 

the points A, B, C, D to form a rhombus. The system is hung by two 
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vertical strings from the points A and B so that AB is horizontal. A 

and C are connected by an inelastic string of length  𝑎𝑎. Show that at 

equilibrium the tension of the A and B strings are 3W and W. Show 

that the thrust of AC is  2W
√33 . If the action forces at C and D meets 

at the point L show that the distance from L to CD is 
√3𝑎𝑎4 . Show that  𝐶𝐶𝐵𝐵 = 𝑎𝑎 √74 . 

57. AB, AC uniform rods of length 2𝑎𝑎 and 𝑊𝑊  weight are smoothly 

hinged at A. A smooth light free moving D ring on the AC rod and a 

light rod BD of length 𝑎𝑎√3 smooth hinged to B brings the system to 

equilibrium so that the B and C ends are on a smooth horizontal 

plane and ABC on a vertical plane. Find the horizontal component of 

the action at A. Show that the thrust of the rod is  
𝑊𝑊3 . Find the action 

of AC rod on the ring. 

58. AB, BC are similar uniform ladders of 𝑊𝑊 weight, smoothly hinged at 

B. The midpoints of the ladders are connected by an inelastic string 

so that when the string is straight the angle  𝐴𝐴𝐵𝐵𝐶𝐶∡ = 2𝜃𝜃. The A 

end pivots smoothly while the C end is on a smooth inclined plane 

through A so that the line AC makes the greatest 𝛼𝛼 incline below the 

horizontal. Show that the thrust at equilibrium is 𝑊𝑊(2 sin 𝛼𝛼 +

cos 𝛼𝛼 tan 𝜃𝜃). Find the horizontal and vertical components of the 

reaction at B hinge. 

59. Two uniform rods AB, BC of length 2𝑎𝑎 and 𝑊𝑊 weight are smoothly 

hinged at B. A smoothly fixed wire 𝛼𝛼 inclined below the horizontal 
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smoothly pivots around the A end of ABC.  A light smooth free 

moving ring on the wire is attached to the C end. If the angle 

between the wire and the rod is  𝜃𝜃. Show that 2 tan 𝜃𝜃 tan 𝛼𝛼 = 1. 

Show that the horizontal components of the reaction at B hinge is 3𝑊𝑊 sin 𝛼𝛼  cos 𝛼𝛼4  . 

 

60. A smooth sphere of centre O and radius 2𝑎𝑎 supports AB, BC, CD 

uniform rods of length 𝑎𝑎, 2𝑎𝑎, 𝑎𝑎 and weights 
W2  , W,

W2  smoothly 

hinged at B and C. The midpoints of BC and the points A and D are in 

contact with the sphere and at equilibrium. Show that the reaction 

at the contact point BC is  
9150 W . Find the horizontal and vertical 

components of the reaction at the B hinge and show that the 

meeting point of B and C reaction forces are at a distance of  
41𝑎𝑎12  

from BC. 
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61. Three identical light rods are smoothly hinged at A, B, C. Points A, 

C are horizontal on a smooth support and the plane ABC is 

vertical. 4W load is applied on B. Find the stresses of the rods 

when the system is in equilibrium.  

 

62. Three light rods of length 2a are smoothly hinged at points A, B, 

C. At A it is hinged to a smooth vertical wall and B is in contact 

with the smooth wall and in a vertical plane through A 

perpendicular to the wall. A weight 2W is hung on the C. Draw a 

stress diagram and hence find the stresses of the rods, the 

reaction at the hinge A and the reaction of B. 

 

63. The figure shows a framework 

consisting of five light rods 

where the ends are smoothly 

hinged. A load of 90 kg is hung 

from B. As shown in the 

figure, the equilibrium is 

maintained by applying forces 

P, (P, Q) at A and D 

respectively and making AD 

vertical. (P is horizontal, Q is 

vertical) Find the magnitude 

of P and Q. Find the stresses of 

each rod graphically and 

indicate whether it is a 

tension or a thrust. 
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64. The figure shows a framework 

consisting of nine light rods that 

are smoothly hinged. DA is 

vertical. The points C and E are 

on smooth supports and hold 

loads 3W, W, 3W at points A, F 

and B respectively. Determine the 

stresses of the rods graphically 

and mention whether they are 

tensions or thrusts. 

 

 

 

65. The figure shows a 

vertical framework 

with seven light rods 

smoothly hinged at 

points A, B, C, D and 

E. The framework 

has weights W and 

2W at the points C 

and D respectively 

and it is held by the 

vertical forces acting 

on the points E and B 

which are at the same horizontal level. Draw a stress diagram 

and find the stresses of the rods and show whether they are 

tensions and thrusts.  
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𝜃𝜃 

66. The figure shows a framework 

made up of eight light rods that 

are smoothly joined at points A, B, 

C, D, and E. It rests on two vertical 

supports at A and B. Weights 

100kg, 100kg are at the points D, 

C respectively. AB is horizontal 

and AE = AD = BE = BC. Write the 

value of P. Assuming that the 

thrust on the rod DC is xkg, draw 

a stress diagram for the framework. If the tension of the rod AB 

is y, then show that y = 100 - (√3-1)x, using geometry of the 

stress diagram. Explain why the values of x and y cannot be 

found at once. If x = y, find the stresses of the rods. 

 

67. The figure shows a 

framework ABCDE with 

seven identical light 

rods smoothly hinged 

at A, B, C, D, E. Three 

weights of 100 kg, 200 

kg and 100 kg are 

attached to the joints C, 

D and E respectively. The framework is hung on the ceiling by 

two identical light inelastic strings LAM and PBQ passing through 

the points A and B making AB horizontal. Find the tension of the 

string. Draw a stress diagram and find the stresses of the rods in 

terms of the angle  θ. If θ≤300, show that the stress of the rod AB 

is higher than the stresses of the other rods. 
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68. The figure shows a framework 

made by the smooth identical 

rods AB, BC, CD, DE, EF, FG and 

another six identical rods OA, OB 

OC, OD, OE, OF, OG which are 

smoothly hinged at their ends 

such that A, O and G are in a 

straight line. A load is fixed at the 

point O. The points A, G are at rest on horizontal supports. Draw 

a stress diagram to show the stresses of the rods. Show that 

stresses of all the rods AB, BC, CD, DE, EF, FG are equal to 

(2 − √3) W. Show that whether they are tensions or thrusts? 

       

69. The figure shows a vertical 

framework with five light rods 

AB, BC, CD, DA, BD, which are 

smoothly hinged at points A, B, 

C, D. A vertical load W is applied 

at the point D. This framework is 

at equilibrium in the same 

horizontal plane by vertical 

forces acting at A and B. Find the 

stresses of the rods by drawing a stress diagram and explain 

whether they are tensions or thrusts. 

 

 

70. Rods AC and BC are smoothly hinged. Find 

the stresses of the rods and find whether 

they are tensions or thrusts. The 

framework is in equilibrium in a vertical 

plane perpendicular to the wall through A 

and B.  
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A 

71. The framework shown in the figure is a 

parallelogram ABCD, freely hinged at A. 

The framework is in equilibrium in a 

vertical plane perpendicular to the wall 

where B is on a smooth support. A 5KN 

load is hung on C. Find the stresses of 

the rods and find whether they are 

tensions or thrusts.  

 

72. The framework is made by 

seven identical light rods that 

are smoothly hinged at the 

ends. The framework is 

vertically in equilibrium and 

A and C are on smooth 

supports. Find the reactions 

at A and C. Draw a stress 

diagram and find the stresses 

of the rods find whether they 

are tensions or thrusts. 

 

73. Five identical light rods 

and light rod BC are 

smoothly hinged at the 

ends to form the 

framework as shown in the 

figure. A and B are 

smoothly hinged. 4W, 3W 

weights are hung at the 

points C and D. Find the 

reactions at A and B. Find the stresses on the rods and find 

whether they are tensions or thrusts. 
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74. The framework shown in the 

figure is vertically in equilibrium 

and points A and C are on 

supports in the same horizontal 

line. Weights 400N and 100N are 

applied at the points D and E. 

Find the reactions at the points 

A, C. Draw a stress diagram and find the stresses and show 

whether they are tensions or thrusts. 

 

75. The figure shows a framework 

in the vertical plane made by 

four smooth light rods AD, BD, 

BC, CD smoothly hinged at the 

ends. It is smoothly hinged on 

to a vertical wall at A and B. 

There is a 2W load at the point 

C. Indicating the rods that exist 

under tension, and the rods that 

exist under thrust. Find the 

stresses of the rods, whether they are tensions or thrusts and the 

reactions at A and B graphically. 

 

76. ABCD is a rhombus made up of light rods hinged smoothly at the 

ends. It hung from the point O by smoothly hinging the point A of 

a vertical rod OA and using equal strings OB, OD. The AC diagonal 

is vertical. 𝐴𝐴𝐵𝐵�𝐶𝐶 = 60° = 𝐵𝐵𝑂𝑂�𝐷𝐷. When a weight W is hung at the 

point C, find the stresses of the rods and the tensions of the 

strings graphically. Name the rods which are subjected to 

tension.  
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77. A framework of nine smoothly hinged light rods takes the form of 

a regular hexagon ABCDEF with additional rods FB, FC, FD. It is 

hung by a string attached to A. Weights are kept on the joints C, 

D, E. Each of these weights is equal to W. Find out the stresses of 

each rod, and whether they are tensions or thrusts graphically. 

 

78. The figure shows how the 

framework with seven light 

rods is mounted making AB, 

BC horizontal and A, C on 

supports. 192kg and 144kg 

loads are kept at D and E 

respectively. Find reactions at 

A and C. Find the stresses of 

each rod by drawing a stress 

diagram. Mention which rods are under tension?  Which are 

under thrust? 

 

79. The framework given in the 

figure is smoothly hinged at 

the ends. It is in vertical 

equilibrium on the smooth 

supports at A and D. Here 

AB = BC = CD = BE = CE 

and AE = DE. Weights W, 

2W and 2W are hung at B, C, 

E respectively. Find the 

reactions at A and D. Draw a 

stress diagram and find the stresses of the rods. Find whether 

they are tensions or thrusts. 

 

 

 

 

W 
2W 
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80. The framework shown in the 

figure is in the vertical plane. 

It is smoothly hinged at A. 

Point C is placed on a smooth 

horizontal plane. Forces 100N 

and 200N are applied at E and 

F respectively. Show that the 

reaction at C is 100√3 N and 
find the reaction at the hinge 

A. Draw a stress diagram 

using Bow’s notation for the 

equilibrium of points C and D. 

Find the stresses of rods BC, CD, BD, DE and identify whether 

they are tensions or thrusts. Is the framework successful? 

 

81. The framework given in the figure 

is hinged at A. weights 50kg is 

hung from the point E. The 

framework is in equilibrium in the 

vertical plane, using the horizontal 

force P at C. Find the horizontal 

and vertical components at points 

P and A. Draw a stress diagram to 

find the stresses of the rods and 

identify whether they are tensions 

or thrusts. 
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82. In the following figure, 

the framework is made 

by seven light rods 

smoothly hinged at the 

ends. Force 200N is 

applied at A and C. ABCD 

is a square. Draw a 

stress diagram and find 

the stresses of the rods 

and identify whether 

they are tensions or thrusts. 

 

83. The cross-section of the 

roof is shown in the 

figure. It consists of 

eight light rods AB, BC, 

CD, DE, EF, FA, BF, DF, 

of length a and each of 

which are smoothly 

hinged at the ends. 

The ends C and F are 

connected by a light 

rod of length √3 a. The 

system is at rest on two supports A and E in the same horizontal 

position. It is assumed that the weight of the roof tiles can be 

replaced by five equal vertical forces acting on A, B, C, D, E. Find 

the stresses of each rod and identify whether they are tensions 

or thrusts. What changes would occur in stresses of the rods, if a 

horizontal rod BD is used instead of a vertical rod CF? Discuss 

the pros and cons of the new framework.  
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84. A framework made by 12 light 

identical rods and loads are 

applied as shown in the figure. 

The framework rests in a 

vertical plane on smooth 

supports at A and B. Find the 

stresses of the rods and mention 

whether they are tensions or 

thrusts. 

 

 

85. What is the difference between a 

reaction at a smooth joint and a 

reaction at a rough joint? The 

framework shown in the figure, is 

made out of light rods AB, BC, and 

CA smoothly hinged at the ends 

and kept in a vertical plane by 

vertical springs B and C. A force P 

is applied at A which is 45° 

inclined with the vertical. Using a 

force diagram, find out what force 

must be applied at B in order to 

cause tension at spring B as half 

the magnitude of the force at 

spring C. In this case, find out the stresses of the rods and state 

whether they are under tension or thrust. 
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86. The framework given in the figure is 

hinged to a vertical wall at A and E. 

The framework is in a vertical plane 

perpendicular to the wall. ADE is an 

equilateral triangle. Weight W is hung 

at C. Find out stresses of the rods and 

state whether they are under tension 

or thrust. 

 

 

87. A framework ABCDEFG made of 

smoothly hinged light rods is 

loaded as shown in the figure. 

Each of its triangles are right 

angled isosceles triangles. This 

framework is fixed so that it can 

be rotated around A and it is in 

equilibrium using a chain. 

Determine the tension of the 

chain and stresses graphically or 

using calculations. 

 

88. The figure shows a vertical 

framework with nine rods 

smoothly hinged at A, B, C, 

D, E and F. Vertical loads 

6W and 9W are applied at B 

and C respectively, and the 

framework is lifted by two 

vertical forces R and S 

acting at the points A and D which are in the same horizontal 

line. Using a stress diagram, find out the stresses of the rods, and 

state whether they are under tension or thrust. 

A 
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89. A framework of 9 smoothly hinged rods takes the form of a 

regular hexagon ABCDEF with additional rods FB, FC, FD. It is 

hung by a string attached to A. Weights are kept at the joints C, D, 

E. Each of the weights are equal to 2W. Find out the stresses of 

the rods graphically and state whether they are under tension or 

thrust. 

 

90. The framework given in the 

figure is hinged at A and B. All the 

triangles are equilateral triangles. 

The weights W and 2W are hung 

at the points C and D 

respectively. Draw a stress 

diagram and find the stresses of 

the rods and state whether they are under tension or thrust. 

 

91. The framework given in the 

figure is hinged at A. AC, BD, 

DE are horizontal. It is made of 

light rods. The string used at 

the point D makes the system 

equilibrium. Find the tension of 

the string fixed to the point D 

and the reaction at A. Draw a 

stress diagram and find the 

stresses of the rods and state whether they are tensions or thrusts. 
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92. The framework shown in the figure is hinged 

at A. The framework is in equilibrium in the 

vertical plane by two strings BG, EF connected 

at the points B and E. The rods AC, CE, BD are 

vertical. The framework is in a vertical plane. 

The string tension at E is T. Find the tension of 

string BG and the reaction at A in terms of T. 

The maximum rated stress of a rod is 7000N. 

Draw a stress diagram and find stresses of the 

rods. Find out the maximum value that T can 

take. Explain what happens when T>Tmax.   

 

93. Light rods are smoothly hinged at 

the ends as shown in the figure. All 

the triangles are equilateral. 

Weights 2x, x are hung at D and E 

respectively. Draw a stress 

diagram and show that the highest 

thrust is on the rod CE. When the 

stress of a rod is higher than W, it 

will break. In order to keep the 

system safe, find the maximum 

value of the weight 3x. 

 

94. The framework shown in the figure 

is hinged at A. Weight 200N is hung 

to E and a string attached to the 

point D make the system stay in 

equilibrium in the vertical plane 

through A. Find the tension of the 

string and the reaction at the hinge 

A. If it is decided to replace the rods 

having stresses less than 200 N with 

rods made out of a cheap material, 
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find out the stresses of the rods using stress diagram and find 

those rods that can be replaced. 

 

95. A framework of nine smoothly hinged rods takes the form of a 

regular hexagon ABCDEF with additional rods FB, FC, FD. It is 

hung by a string attached to A. Weights are kept on the points C, 

D, E. Each of these weights are equal to 100kg. Find out whether 

the stresses of the rods are under tension or thrust graphically. 

 

96. A rhombus ABCD is made out of light rods smoothly hinged at 

their ends. The points B, D are connected by a light rod BD. The 

rhombus is held in place by making AB horizontal, CD in a lower 

level than AB and vertical forces at A and B. Weight 100kg is 

hung at the point C. The angle A of the rhombus is 60°. Find the 

stresses of each rod graphically and show whether each stress is 

a tension or a compression. 

 

97. A framework consisting of five light rods that are smoothly 

hinged at the ends to form a parallelogram ABCD, and an 

additional rod BD is hinged to maintain the shape of the 

parallelogram such that 𝐴𝐴𝐷𝐷�𝐵𝐵 =  90° 𝑎𝑎𝑡𝑡𝑎𝑎 𝐴𝐴𝐵𝐵�𝐷𝐷 = 60°.This 

framework is fixed at A and can be rotated around a horizontal 

axis in the vertical plane. This framework carries a weight W at C. 

The framework is kept in equilibrium with AB and AD making 

30° and 60° with the horizontal respectively and B and D above A, 

by a horizontal force T, applied at D. Find out T and the reaction 

at A. Find out the stresses of rods AB, BC, CD, DA and BD by 

drawing a force diagram. State the rods having thrusts and the 

tensions separately. 

 

98. A framework of six identical rods forms a hexagon ABCDEF. It is 

fixed in the form of a regular hexagon by light rods AC, FD, FC. 

This framework is held by vertical forces at D and E so that DE is 

horizontal, and AB is below DE. If 50kg and 30kg vertical loads 
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are applied at A and B respectively, find the stresses on the rods 

of the framework. Determine whether they are tensions or 

thrusts.  

 

99. The framework shown in the figure is 

smoothly hinged at A and E. The framework 

is located in a vertical plane perpendicular to 

the wall through AE. Weights W, 2W are hung 

at B and C. Find the reaction at E and the 

horizontal and vertical components of the 

reaction at A considering the equilibrium of 

external forces. Find the stresses of the rods 

using a stress diagram and state whether 

they are thrusts or tensions. 

 

100. Show that the weight W of a uniform 

rod is equivalent (can be replaced) 

to the weights W/2 and W/2 placed 

at the two ends of the rod. The 

regular Hexagon is made by uniform 

rods of equal weights. The five 

vertices A, B, C, E, F are connected to 

the center O of the hexagon using 

light rods OA, OB, OC, OE, OF and the 

hexagon is hung from A. Draw a 

stress diagram using the Bow’s notation. Hence find the stresses 

of the rods using stress diagram and state if they are thrusts or 

tensions. 

 

101. The figure shows the girder of a bridge that rests freely on 

supports at A and D. This framework consists of nine light rods. 

Six of them, namely AB, BC, CD, BF, CE and FE, are 1 m long and 

the other three AF, BE and ED are √2 m long. As shown in the 

figure, weights of 3 and 6 metric tons are hung at F and E, 
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respectively. 

Assuming that the 

reaction of the 

support D is a 

vertical force R, find 

R. Draw a stress 

diagram by applying 

bow’s notation to the 

points D, C, E, F, B 

and A. Hence find the value of S and determine stresses of all the 

rods and State whether they are thrusts or tensions.  

 

102. A framework is obtained by smoothly joining the ends A, B, C, D 

of the five rods AB, BC, CA, CD, DA is placed in a vertical plane 

making AB horizontal and AC vertical. Here, AB = AC = 10m  𝐵𝐵�̂�𝐴𝐷𝐷 =
3𝜋𝜋4   and 𝐴𝐴�̂�𝐶𝐷𝐷 =

2𝜋𝜋3 . 

The framework has a vertical load of 1N at D and the equilibrium 

is maintained by two vertical forces of magnitude P and Q at A 

and B respectively. Show that Q = 1/2 (3 + √3) N = 2.37N. 

Using Bow’s notation draw a stress diagram for this framework. 

Hence determine the stresses of the five rods and state whether 

they are tensions or thrusts.  

 

103. ABCD is a framework in the shape of a rhombus made up of four 

light rods AB, BC, CD and DA freely hinged at the ends. The 

vertices B and D of the rhombus are connected by another light 

rod so that angle BAD is 2α (<π / 2). The framework is still, in a 

vertical plane with B placed on smooth support. AB is horizontal 

and it is below CD. The framework is anchored with a vertical 

force at A, and a weight W is hung at C. Find the force applied at 

A and the reaction at B. Draw a stress diagram for the framework 

using Bow’s notation. Hence find the stresses of the five rods in 

terms of W and ∝ and whether they are tensions or thrusts.   
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104. The framework 

made of light rods 

rests on smooth 

supports B and C 

as shown in the 

figure. BC is 

horizontal. BCE is 

an equilateral 

triangle. ABE and 

CDE are isosceles 

triangles. Weights 

W, W, 2W are applied on A, D, E respectively. The system is in the 

vertical plane through C. Find the reactions at B and C. Draw a 

stress diagram and find out the stresses of the rods and whether 

they are tensions or thrusts. 

 

105. The framework shown in the 

figure is hinged at points A and 

D on a vertical wall. The 

framework is in a vertical plane, 

perpendicular to the wall. Here 

AD = DC and AC = BC, 𝐴𝐴𝐷𝐷�𝐶𝐶 =𝐴𝐴�̂�𝐶𝐵𝐵 = 90°. Find the reactions 

of hinges A and D. Apply 

Lami's theorem to point B and 

find the stresses of the rods AB 

and BC and state whether they 

are tensions or thrusts. Draw a stress diagram for the 

equilibrium of point C, find the stresses of the AC and CD rods 

and state whether they are tensions or thrusts. Verify the value 

of the stress on CD by another method. 

 

100Kg 
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106. The framework shown in the 

figure is made by light rods 

smoothly hinged at the ends. 

The system is smoothly hinged 

to the points A, B. The 

framework is in equilibrium in 

a vertical plane, perpendicular 

to the wall. 

Considering the equilibrium at 

the joint D, find the stresses of 

the rods CD and AD by 

resolving and determine 

whether they are tensions or thrusts. Draw a stress diagram for 

points C and D, using the Bow’s notation, and find out the 

stresses of the rods BC and AC and their condition. Using the 

same stress diagram, show that the reaction at B is 1500 N, and 

find the horizontal and vertical components of the reaction at A. 

 

107. The framework shown in the 

figure is hinged on the 

vertical wall at A. Point B is 

on a support. The framework 

is perpendicular to the wall. 

AB is horizontal. Here AB = 

BC = CD = CE = AE = BE. 

At the points C and D weight 

W is hung. Apply Lami's 

theorem for the equilibrium 

of D, to show that the 

stresses on CD, DE are W√3 

and W. 

Show that the vertical reactions at A and B are 
3𝑊𝑊2 and 

7𝑊𝑊2 , 

respectively by considering the equilibrium of external forces. 
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Draw a stress diagram for the joints C, E and find the stresses of 

BC and CE and their 

condition. 

 

108. The framework shown in 

the figure is hinged to fixed 

point A. The system is on 

the vertical plane through 

A. The system is in 

equilibrium by a string 

attached to the point E. Find 

the tension of the string and the horizontal and vertical components 

of the reaction at A. Find the stresses of rods CE and DE using Lami's 

theorem, find whether they are tensions or thrusts. Draw a stress 

diagram for the points D and C, find the stresses of the rods AB, BC 

and find whether they are tensions or thrusts. 

 

109. In the framework shown in the 

figure, ED, ABC are horizontal. 

Given that, 

      • AB = BE = ED = a 

      • AE = BD = DC = √2 a 

         • BC = 2a. 

      Find R, S. 

      Apply Lami's theorem to C and 

find stresses of the rods BC and 

CD and state whether they are tensions or thrusts. Draw a stress 

diagram for points B, D, E and find the stresses of the rods AE and 

AB. State whether they are tensions or thrusts. Comment on the 

framework. 

 

110. Seven light rods of equal length are smoothly hinged at the ends 

as shown in the figure. The framework is placed vertically in 

4W 

W 
W 

S R 
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B 

equilibrium on two supports 

A and C. AC is horizontal. 

Weights 24kg, 12kg are 

applied on E and D 

respectively. Find R and S 

considering the equilibrium 

of external forces. Apply 

Lami's theorem to the point 

C and find the stresses of the 

rods BC and CD and State 

whether they are tensions 

or thrusts. Draw a stress 

diagram for the joints B, D 

and find the stresses of the 

rods AB, DE. Find whether 

they are tensions or thrusts.  

 

111. The framework shown in 

the figure is made of light 

rods. Horizontal and vertical 

rods are equal. The system 

is smoothly hinged at A. 

Weights 100kg and 200kg 

are applied at B and C 

respectively. The system is in equilibrium in the vertical plane 

through A by an inextensible horizontal string EF attached to E. 

Considering the equilibrium of external forces find the tension of 

the string and the horizontal and vertical components of the 

reaction at A. Apply Lami's theorem to point C and find the 

stresses of the rods BC and DC and their conditions. Draw a 

stress diagram on the section ABDE and find the stresses of the 

rods BE and AE. State whether they are tensions or thrusts. 

 

112. The framework shown in the figure is placed on two pegs A, B. 

The framework is in equilibrium in the vertical plane. Loads are 
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on the points C, D, E, F. By 

considering the equilibrium 

of the system find the 

reactions at the points A and 

B. Considering the 

equilibrium of three forces 

at the point D, find the 

stresses of the rods BD and 

DE. Draw a stress diagram to 

the point E and show that the stresses of the rods BE and AE are 

equal. 

 

113. The framework shown 

in the figure is made up 

of right-angled isosceles 

triangles. It represents 

a framework made up 

of light rods that are 

smoothly hinged. The 

system is smoothly 

hinged to a fixed 

support at E. Weights 100kg and 10kg are hung at the points C, D 

respectively. The framework is kept in equilibrium such that the 

rod DE is kept horizontal by a force applied at A perpendicular to 

AD. Considering the equilibrium of the external forces, find the 

force at A and the horizontal and vertical components of the 

reaction at E. Apply Lami's theorem to the equilibrium of point C 

and find the stresses of the rods BC and CE. State whether they 

are tensions or thrusts. Draw a stress diagram for the part ABED 

and find the stresses of the remaining rods stating their 

condition. It is decided to replace rods that have stresses greater 

than 1000 N with rods made of stronger material. What are those 

rods? 
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114. Figure shows a bridge 

frame structure made up 

of seven light rods of 

equal length that are 

smoothly hinged at the 

points A, B, C, D, E. The 

joints A and C are on two 

horizontal supports that 

are in the same horizontal 

level and the framework is in a vertical plane. 

• If a weight W is hung on B, draw a stress diagram and determine 

the stresses of the rods. 

• If a weight W is uniformly distributed along the ABC, find the 

stresses of the rods. 

 

115. The framework is smoothly hinged at the point A. Horizontal and 

vertical rods are equal. Weight W is hung at the point D. The 

system is in equilibrium by a light inelastic string attached to the 

point B.  

Find the tension of the 

string and the 

horizontal and vertical 

components of the 

reaction at A using the 

equilibrium of external 

forces. Find the stresses 

of the rods DE and DC 

and their conditions by 

applying Lami’s theorem for the equilibrium of the point D. Draw 

a stress diagram for the equilibrium of the points E and C and 

find the stresses of the rods CF, BC. Are they tensions or thrusts? 
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116.     The adjoining figure represents a framework consisting of five 

smoothly jointed light rods of equal length. The framework is 

smoothly hinged at a fixed-point A, and carries a load W at D; it is kept 

in equilibrium in a vertical plane with AC horizontal by a force P 

applied at B in a direction parallel to CA. 

Find the magnitude of P and the horizontal and vertical components 

of the reaction at the hinge A. Deduce the A direction of this reaction. 

Draw a stress diagram for the framework, using Bow's Notation. 

Hence determine the stresses in all the five rods in terms of W. 

distinguishing between tensions and thrusts. 

       

      2000 A/L 

 



Past Papers 

41 

 

117.         A framework consisting of four light rods AB, BC, CD, BD is shown in 

figure 2. It is freely hinged to a vertical wall at A and D. A load 50ON is 

hung from the joint C, and BC is horizontal. Draw a stress diagram for 

the framework using Bow’s notation, and hence find the stresses in all 

the rods, distinguishing between tensions and thrusts. 

 

 

 

 

 

 

 

 

 

  

  2001 A/L 
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118.  

a)    Four equal uniform rods, weight W, are freely jointed at their 

ends to form a square ABCD. The square is hung from the joint A, 

equilibrium with the square shape being maintained by a light 

rod joining the midpoints of the two lower rods BC, CD. Calculate 

the thrust in the light rod and the reaction at C. 

 

b)   The figure below depicts a framework consisting of seven light 

rods AB, AE, BC, CD, DB, BE and ED. The framework is in 

equilibrium in a vertical plane, with the joint A smoothly pivoted 

to a fixed point. The joint C carries a load of 400 newtons and a 

force P newtons, in the direction BE�����⃗ , is applied at the joint E, so 
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that ABC is horizontal. AE and BD are of equal length 𝑎𝑎 metres 

and the angles are as indicated in the figure. 

Find the value of P and the horizontal and vertical components 

of the reaction at the pivot A. Hence calculate the stress in each 

of the rods AB and AE indication whether it is a tension or a 

thrust. 

Draw a stress diagram, using Bow's notation for the joint C alone 

and use it to determine the stress in each of the rods BC and CD. 

Indicate also, whether it is a tension or a thrust. 

 

2002 A/L 

 

119.  

a) Five equal uniform rods, each of weight W are hinged freely at 

their ends to form a regular pentagon ABCDE. The pentagon is 

placed in a vertical plane with CD resting on a horizontal plane 

and the regular pentagonal form is maintained by means of a 

light rod connecting the mid points of BC and DE. Indicate the 

forces acting on the rods AB and BC. 

Also, prove that the tension in the light rod is �𝑐𝑐𝑐𝑐𝑐𝑐 𝜋𝜋5 +

3𝑐𝑐𝑐𝑐𝑐𝑐 2𝜋𝜋5 � 𝑊𝑊. 
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b) The framework shown in the diagram consists of seven light rods 

AB, AC, AD, AE, BC, CD and DE. All the rods except AB, AE are of 

equal length. The framework is in equilibrium in a vertical plane 

with two supports at B and E at the same horizontal level. The 

joints A and D carry loads of 5 newtons and 2 newtons 

respectively. Draw a stress diagram, using Bow's notation and 

determine the stresses in AB and AE, indicate whether each stress 

is a tension or a thrust. 

 

 

 

     2003 A/L 
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120.  

a) AB, BC and CD are three uniform rods of equal weight and 

length, smoothly hinged at B and C. The ends A and D are hinged to 

fixed smooth horizontal pins at the same level. The system hangs 

in equilibrium. If AB and CD are inclined at the same angle 𝛼𝛼 to the 

horizontal, and 𝛽𝛽 is the inclination of the reaction at A on AB to the 

horizontal, show that tan 𝛼𝛼 =
23  tan 𝛽𝛽. 

 

b)  

 

The light framework shown in the diagram lies in a vertical 

plane, and is symmetrical about the vertical line through A. The 

framework rests in equilibrium with supports at B and C at the 

same horizontal level. The angles DBA, DAB and ADE are 15°, 30° 

and 60° respectively. If a load of 10N hangs from the point A, 

draw a stress diagram using Bow's notation, and hence show 
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that the rod CE has a tension of magnitude 
5√32  cosec 15°N. 

Determine the stress in each of the other rods indicating 

whether it is a tension or a thrust. 

2004 A/L 

121.  

a) AB and BC are two uniform rods of equal length 2𝑎𝑎 and of 

weights W and 2W respectively. They are smoothly hinged 

together at B and also hinged at A and C to a fixed horizontal 

beam. The rods are in equilibrium in a vertical plane with B 

below AC and CAB = 𝛼𝛼. 

a) Show that the horizontal component of the reaction of 

the hinge at B is 
34  𝑊𝑊 cot 𝛼𝛼, and find the vertical component 

of this reaction. 

 

b) If, further, the lines of action of the reactions of A and 

C are perpendicular to each other, show that tan 𝛼𝛼 =
3√35. 
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b) The figure shows a crane composed of four freely jointed light 

rods AB, BC, CD and BD. The rod BC is horizontal, while the rod 

BD is vertical. The Crane is fixed to the horizontal ground at A 

and D, and there is a load of 1000 N hanging at C. Use Bow's 

notation to find the forces in the rods, distinguishing between 

tensions and thrusts. 

 

2005 A/L 

122.     In the figure given below, ABC is a triangular framework consisting of 

three smoothly jointed light rods AB, BC, CA where AB = AC and BA�C 

120°. The framework 

is in a vertical plane 

with AB horizontal. It 

is supported at A by a 

smooth peg, and 

carries loads of 100 

newtons at B and W 

newtons at C. 
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Draw a stress diagram using Bow's notation and from it, 

calculate the stress in the rods, distinguishing between tensions 

and thrusts, and the value of W. 

         2006 A/L 

123.  

a) A rhombus ABCD is formed of four equal uniform rods. Each of 

length 2𝑎𝑎 and weight W. freely jointed together at their ends. The 

rhombus is suspended from the joint A, and its shape is 

maintained by a light rod of length 2a sin 𝛼𝛼, by connecting mid 

points of BC and CD. Find the reaction at the joint C. 

 

b)   A framework is made up of seven light rods of equal length 

freely jointed, as shown in the figure below. A and B rest on 

smooth supports and there are loads of W- w at D and w at C. 

Show that the reaction on the framework at A is P = 
3𝑊𝑊4 − 𝑤𝑤2 . 

Given that W>2w, draw a suitable stress diagram using Bow's 

notation and find the stresses in the rods AE, DE and DC. 

Indicate whether they are tensions or thrusts. 
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Show that the stress in DC is independent of w 

2007 A/L 

 

124.     a) A rhombus ABCD of side 2𝑎𝑎 consists of four smoothly jointed equal 

light rods and lies on a smooth horizontal table. The rod AB is fixed. The 

mid-points of the rods BC and CD are Joined by a light inextensible 

string which is kept taut by a couple of moment M applied to the rod DA, 

in the plane of the rhombus. If the angle 𝐴𝐴𝐵𝐵�𝐶𝐶 is 2𝜃𝜃, show that 

i. The reaction at the joint C is parallel to the string. 

ii. The tension in the string is 
𝑀𝑀𝑎𝑎 sin 𝜃𝜃 . 
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b) The figure below represents a framework freely jointed light rods 

with a load W at B, and it is supported vertically at A and C at the 

same level. The angle AB�C is a right and is trisected by BD and BE. 

The angles BA�D and BC�E are each 30° and BA = BC. 

 

Draw a stress diagram, using Bow's notation. 

Hence find the stress in each of the rods AD, AB, DE and DB, stating 

whether it is a tension or a trust. 

        2008 A/L 

 

125.  

a. Two smooth uniform rods. AB, BC each of length 2𝑎𝑎 and weight 

W, are freely hinged at B and are suspended by two light 

inextensible strings AO, CO each of length 2𝑎𝑎, tied to a fixed-

point O, A uniform sphere of weight W and radius 
𝑎𝑎3 rests in 
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contact with the rods and is supported by them. Show that, in 

the position of equilibrium, each rod makes with the vertical an 

angle 𝜃𝜃 given by cot3 𝜃𝜃 + cot 𝜃𝜃 – 30 = 0. 

Find the only possible value of cot 𝜃𝜃, and hence show that the 

reaction at the hinge B is W. 

 

b. In the framework of light rods shown in the figure, horizontal 

and vertical rods are equal in length and all angles are 90° or 45°. 

It is in a vertical plane, smoothly pivoted at A and supported at B 

by a force P perpendicular to AB and is loaded with weights W 

newtons at C, D, E. Find the value of P in terms of W. 

Given further that the stress in the rod CD is zero, draw a stress 

diagram, using Bow’s notation in order to find the stresses in the 

rods BD, BC and DE. 

Find these stresses and state whether these stresses are tensions 

or thrusts. 

2009 A/L 
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126.  

a)  Four uniform rods AB, BC, CD and DE each of length 2𝑎𝑎 are 

smoothly jointed at B, C and D. The weight of each of the rods AB 

and DE is 2W and the weight of each of the rods BC and CD is W. 

The rods are suspended in a vertical plane from the points A and 

E on the same horizontal level and the system is in equilibrium 

with the rods AB and BC making angles 𝛼𝛼 and 𝛽𝛽 respectively, with 

the vertical. Show that, tan 𝛽𝛽 = 4 tan 𝛼𝛼. 

 

b) Seven light rods AB, BC, CD, DE, EA, EB and BD of equal length 

are smoothly jointed at their ends to form a framework as shown 

in the figure. The framework is smoothly hinged at C and carries 

a weight of 10√3 newtons at A. The framework is held in a 

vertical plane, with AC horizontal, by a horizontal force P at E. 

a) Evaluate the magnitude of the force P at E. 

b) Find the magnitude and the direction of the reaction 

at C. 
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c) Using Bow's notation, draw a stress diagram for the 

framework and find the stresses in all the rods, 

distinguishing between tensions and thrusts. 

2010 A/L 

127.  

a) Two uniform rods AB and BC are equal in length. The weight of 

AB is 2w and the weight of BC is w. The rods are smoothly 

hinged at B and the midpoints of the rods are connected by a 

light inelastic string. The system stands in equilibrium in a 

vertical plane with A and C on a smooth horizontal table. 

If AB�C= 2𝜃𝜃, show that the tension of the string is 
32w tan 𝜃𝜃. 

Find the magnitude of the reaction at B and the angle it makes 

with the horizontal. 

 

N 
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b) Five light rods AB, BC, CD, DA and AC are smoothly jointed at 

their ends to form a framework as shown in the figure. 

 

AB�C = AD�C = DA�C = 30° and BA�C = 60°. The framework is 

smoothly hinged at D and carries a weight of 10√3 newtons at B. 

The framework is held in a vertical plane, with AB horizontal, by 

a horizontal force of P newtons at A. 

2011 A/L 

128.  

i. Two equal uniform rods AB and AC each of weight W are freely 

jointed at A and the ends B and C are connected by a light 

inextensible string. The rods are kept in equilibrium in a 

vertical plane with the ends B and C are on two smooth planes 

each of which inclined at an angle 𝛼𝛼 to the horizontal: BC being 

horizontal and A being above BC. Find the reaction at B. 

N N 
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If tan 𝜃𝜃 > 2 tan 𝛼𝛼, where BA�C = 2𝜃𝜃, then show that the tension 

of the string is 
12 W (tan𝜃𝜃 − 2𝑐𝑐𝑎𝑎𝑡𝑡𝛼𝛼). 

Find the reaction at the joint A. 

 

ii. Five light equal rods OA, OB, AC, AB and BC are smoothly 

jointed at their ends to form a framework as shown in the 

figure. 

   The framework is smoothly hinged at O and carries a weight of          

5√3 newtons at C. The framework is held in a vertical plane, 

With     OB horizontal by horizontal force of P newtons at A. 

 

a) Find the value of P. 

b) Find the magnitude and the direction of the reaction    

    at O. 

c) Using Bow's notation, draw a stress diagram for the 

framework and find the stresses in all rods, distinguishing 

between tensions and thrusts 

2012 A/L 
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129.  

a) Three uniform rods AB, BC and CA, each of length 2𝑎𝑎 and weight 

w are smoothly jointed at their ends to form an equilateral 

triangle ABC. The vertex A is smoothly hinged to a fixed point so 

that the triangle is free to rotate in a vertical plane. The triangle 

is held with AB horizontal and C below AB by a force P applied 

to the triangle at B perpendicular to BC in the plane of the 

triangle. Find the value of P. 

Also, find the horizontal and the vertical components of the force 

exerted on BC by AC at C. 

 

b) The adjoining figure 

represents a 

framework of six light 

rods smoothly jointed 

at the ends. It is 

smoothly hinged to a 

vertical wall at A and 

B, and carries a load 

150N at D. Draw a 

stress diagram using 

Bow's notation and 

hence, determine the stresses in the rods, indicating whether 

they are tensions or thrusts. 

2013 A/L 

 



Past Papers 

57 

 

130.  

a) Four uniform rods AB, BC, CD and DA, each of weight w per unit 

length, with AB = AD = 𝑙𝑙√3 and BC = DC = 𝑙𝑙 are smoothly jointed 

at their ends so as to form a framework ABCD. The joints A and 

C are connected by a light inextensible string of length 2𝑙𝑙. The 

framework suspended from the joint A. hangs in equilibrium in 

a vertical plane. 

Show that the tension in the string is 
𝑤𝑤𝑤𝑤4 �5 + √3�. 

b)  

The given figure represents a framework of five light rods AB, 

AD, BC, BD and CD smoothly jointed at the ends. The framework 

carries loads 60 N and 120 N at A and B respectively. and is kept 

in equilibrium with the rods AB and CD horizontal, by two 

vertical forces P N and Q N applied at C and D respectively, Draw 

a stress diagram using Bow's notation. 

Hence, find the stresses in all five rods stating whether they are 

tensions or thrusts. 

2014 A/L 
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131.  

a) Five uniform heavy rods AB, BC, CD, DE and EA are smoothly 

jointed at their ends to form a framework in the shape of a 

pentagon ABCDE, as shown in the figure. The rods BC, CD and DE 

are each of length 𝑙𝑙 and weight W. The rods AB and EA are each of 

length 2𝑙𝑙 and weight 2w. The two ends P and Q of a light rod PQ of 

length 𝑙𝑙 are smoothly hinged to the mid-points of AE and AB 

respectively. The framework freely suspended from the joint A is 

in equilibrium in a vertical plane. 

Write down equations sufficient to determine the horizontal and 

vertical components (X, Y) of the reaction at the joint B and the 

thrust T in the light rod PQ. Hence find the reaction on the rod AB 

at the joint B, and show that T = 
7𝑤𝑤√3 . 
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b) A symmetrical framework of seven rigid light rods freely jointed 

at their ends is shown in the figure. Rods AB, BC and DE are 

horizontal. AD�E = CE�D = 45° and BD�E = BE�D = 30°. The 

firamework is loaded as indicated in the figure at the joints A, B 

and C and is supported by equal vertical forces P at the joints D 

and E. Find the value of P. 

 

Draw stress diagrams for the joints A and D on the same figure, 

using Bow's notation. Hence find the stresses in the rods AD, AB, 

DE and DB and state whether they are tensions or thrusts. 

 

2015 A/L 
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132.  

a) Four equal uniform rods, each of weight w1, are smoothly jointed 

at their ends to form a rhombus ABCD. The mid-points of BC and 

CD are connected by a light rod such that BA�D = 2𝜃𝜃. Each of the 

joints B and D carries equal loads of weight w2. The system, 

hanging symmetrically from joint A, is in equilibrium in a vertical 

plane the light rod horizontal. Show that the thrust in light rod is 

2(2w1 + w2) tan 𝜃𝜃. 

 

b) The adjoining figure represents a framework of five light rods AB, 

BC, CD, AC and AD, smoothly jointed at the ends. It is given that AC 

= CB and BA�C = 30° = AD�C. The framework is smoothly hinged at 

D. A weight W is suspended at the joint B and the framework is 

kept in equilibrium in a vertical plane with AB horizontal and AD 

vertical, by a horizontal force of magnitude X acting at A. 

Using Bow's notation, draw stress diagrams for the joints B, C and 

A in the same figure. 
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Hence, find the value of X and the stresses in all rods, 

distinguishing between tensions and thrust. 

2016 A/L 

 

133.     The figure shows a framework consisting of five light rods AB, BC, AD, 

BD and CD freely jointed at their ends. AB = 𝑎𝑎 metres and BC = 2𝑎𝑎 

metres and BA�D = BD�A = BC�D = 30°. The framework is loaded with 

weights 150N at B and 300 N at D. It is in equilibrium in a vertical plane 

supported by two vertical forces P and Q at A and C respectively, so that 

AB and BC are horizontal. Show that P = 250 N. 

Draw a stress diagram using Bow's notation and hence, find the stresses 

in all the rods and state whether they are tensions or thrusts. 
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     2017 A/L 

 

134.    The framework shown in the adjoining figure is made or five light rods 

AB, BC, AC, CD and AD freely jointed at their ends. It is given that AB = 𝑎𝑎, BC = 2𝑎𝑎, AC = CD and CA�D = 30°. A load of weight W hangs at D and 

the framework is in equilibrium in a vertical plane with AB horizontal 

and AC vertical, supported by vertical forces P and Q acting respectively 

at A and B in the directions indicated in the figure. Find the value of Q. 

in terms of W. 

Draw a stress diagram using Bow's notation and hence, find the stresses 

in the five rods and state whether these stresses are tensions or thrusts. 
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