


Simple Harmonic Motion 

1 

 

1. An elastic string of length 1m is fixed to a point O. The other end of the 

string is connected to an object of mass 1kg. When the system is at 

equilibrium while the object is hanging freely the length of the string is 2m. 

Find the modulus of elasticity of the string if g = 10ms-2. 

 

2. Natural length of a spring is 2m. Its modulus of elasticity is 5N. Find the 

stress generated in the spring when it’s compressed by 1/2m. 

 

3. An elastic string of natural length 
32 𝑚 and a modulus of elasticity 20𝑁 is 

fixed to a point O located on a rough horizontal surface in one end. An 

object of mass 5kg is fixed to the other end of the string. The object released 

along the horizontal surface at point 2m away from O. If the kinematic 

friction coefficent between the surface and the object is 
18 . Find the initial 

acceleration of the object. 

 

4. The natural lengths two elastic strings OA and AB are 2m, 1m and their 

moduli of elasticity are 100N, 50N respectively. The strings are connected 

at A and the point O is fixed to a ceiling. Object of mass 5 kg is connected to 

B. Object is hanging freely at equilibrium. Find distance to the object from 

point O. (g = 10ms-2) 

 

5. Two strings OA, AB of natural length 1m have modulus of elasticity of 5w, 

10w respectively. The string OA is connected to a horizontal celling at point 

O and an object of weight w is connected to point A of OA and AB and the 

other end B of AB is connected to object of weight 2w. If the system is at 

vertical equilibrium find the extensions of both strings.  

 

6. An object P of mass 5kg is at equilibrium on a plane 30° inclined to the 

horizontal by means of an elastic string OP of modulus of elasticity 10𝑁. If 

OP is 2m find the natural length of the string. (g = 10ms-2) 

 

7. An elastic string of natural length 2m and modulus of elasticity 20N, Is 

extended by ½ 𝑚 calculate the elastic potential energy stored in the string. 

 

8. A string of length 2m and modulus of elasticity 50N  is connected to fixed-

point O on a horizontal celling. The string is connected to a mass of 2kg free 
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to move up and down vertically. The system comes to equilibrium at point 

A. Thereafter the string dragged to a point B which is 1/2m vertically below 

A. Finally, the object is released from B. 

i. Find the elastic potential energy stored in the string when the object 

is at B. 

ii. Find the velocity of the object when it reaches A.  

 

9. Convert the angular velocity of 4 revolutions per second into 𝑟𝑎𝑑𝑠−1. 

 

10. An object moves in a circle of radius 2m with a tangential velocity 20𝑚𝑠−1. 

Calculate the angular velocity of this object in terms of, 

i. 𝑟𝑎𝑑𝑠−1. 

ii. Revolutions per a minute. 

 

11. In a circular track the smallest radius and the largest radius is 5m and 9m 

respectively two cars A, B move in circular tracks of smallest and the 

largest radii respectively. 

i. If A has a tangential velocity of 15𝑚𝑠−1,  find the angular velocity of 

A. 

ii. If B has an angular velocity of 4𝑟𝑎𝑑𝑠−1, find the tangential velocity of 

B. 

 

12. Displacement of an object 𝑠(𝑡) at a time 𝑡 is given by the function 𝑠(𝑡) =3𝑡2 + 𝑡 find the displacement of the object at 𝑡 = 1, 𝑡 = 3. 

 

13. The angular displacement θ at the time t of an object is given by the 

equation θ = 4𝑡3 + 2𝑡 . Find the angular velocity of the object when, 

i. t = 0  

ii. t = 4 

 

14. The equation of motion of an object which moves in a simple harmonic 

motion is given by 𝑥̈ = −16𝑥 find the acceleration of the object when 

displacement is 2 𝑚. 
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15. The equation of motion of an object which moves in a simple harmonic 

motion is given by 𝑥̈ = −4𝑥. If the object has an acceleration of 2 ms-2 

towards the center. Calculate the displacement from the center O. 

 

16. The equation if motion of an object which moves in a simple harmonic 

motion is given by 𝑥̈ = −16𝑥. When the displacement is 1m the velocity 

of the object is 2ms-1. Calculate the amplitude of this motion. 

 

17. The equation if motion of an object which moves in a simple harmonic 

motion is given by 𝑥̈ = −𝜔2𝑥. The object comes to instantaneous rest when 

the displacement is 4m. Calculate the amplitude of this motion. 

 

18. An object moving in a simple harmonic motion has velocities of 4ms-1,  

3ms-1  at the points 1m, 2m away from the center of the simple harmonic 

motion. Calculate the amplitude and the value of ω for this motion. 

 

19. The equation of motion of an object which is oscillating with a simple 

harmonic motion around the point O is given by 𝑥̈ = −16𝑥, has an 

amplitude of 4m. Points A, B are 1m, 2m away from point O. Find the time 

taken by the object to travel from, 

i. O to A 

ii. O to B 

iii. A to B 

 

20. Object of mass 3kg is moving along a straight line. Object has a velocity of 

4ms-1 when it is 1m away from the centre of the simple harmonic motion 

O. At this moment a force of 12N is acting on the object towards the centre. 

Calculate the periodic time and the amplitude of this simple harmonic 

motion. 

 

21. The equation on motion of an object which moves in a simple harmonic 

motion is given by 𝑥̈ = −4𝑥 when t = 0, x = 2m, 𝑥̇ = 4𝑚𝑠−1. 

i. Find 𝑥 and 𝑥̇ when 𝑡 = 𝜋8. 

ii. Find 𝑥̇ when 𝑥 = √2 𝑚. 

 



Simple Harmonic Motion 

4 

 

22. Object of mass 2kg moves in a simple harmonic motion, the centre of the 

simple harmonic motion is O. Its periodic time is 𝜋 and its amplitude is 2m. 

Find the force acting on P when the object is at P which is located 
12 𝑚 away 

from O. When the object is at P it travels away from O. Find the time taken 

by the object to reach P at the second time. 

 

{When object is reaching P for the second time it has to go to the amplitude 

A and reach the point P again times taken to reach A from P and P from are 

equal because the motions are symmetric} 

 

23. Object moves in a simple harmonic motion, the centre of the simple 

harmonic motion is O, at 3 consecutive times the object has 

displacements p, q, r from the centre show that the periodic time of the 

motion is given by 2π/cos-1 (𝑝+𝑟2𝑞 ). 

At 3 consecutive times the object has displacements of 2√3, 4, 3√3  deduce 

that the periodic time of the object is given by 2π/cos-1 (5√38 ). 

 

24. A man of mass “m” stands on a hanging bridge. The surface of the bridge 

moves in a simple harmonic motion of amplitude “h” and periodic time “T”. Prove that the reaction force “𝑅” acting on the man is given by 𝑅 =𝑚𝑔 [1 − 4𝜋2𝑥𝑇2𝑔 ] when the surface of the bridge travels a distance 𝑥 from the 

center of the simple harmonic motion. In order for this motion to occur 

show that 𝑇 ≥ 𝑇0  where 𝑇0 = 2𝜋√ℎ𝑔 , If 3𝑇0 = 𝑇  find the minimum and 

maximum values for 𝑅 and deduce that 
𝑅max 𝑅min = 54 . 

 

25. Object moves in a simple harmonic motion, the centre of the simple 

harmonic motion is O, when the object has displacements of 𝑥1𝑚 , 𝑥2𝑚 

the velocities of the object are 𝑣1, 𝑣2. Prove that the periodic time of the 

object is given by 2π√𝑋22−𝑋12𝑉12−𝑉22.  

Also show that the amplitude of this motion is given by √𝑉12𝑋22−𝑉22𝑋12𝑉12−𝑉22 . 
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When the object has displacements of 2𝑚, 3𝑚 the velocities of the object 

are 4ms−1, 1𝑚𝑠−1. Show that the periodic time of this motion is 2π√13  𝑠 

and that the amplitude of this motion is 2√73  𝑚. 

 

26. In a particular day at 5.00 am the water of Colombo harbor is at a height of 

a m and at 11.30 am the water level dropped to bm if the motion of the 

water level is simple harmonic find the value of ω. Assume that the center 

O of the simple harmonic motion lies between the water heights am and 

bm where a>b. 

 

Given that a = 10m and b = 6m and that a ship needs at least a water height 

of 9m to enter the harbor find the time range that a ship can enter to the 

port. 

 

27. In a large factory a trolley moves horizontally in a simple harmonic motion 

with an amplitude a and a periodic time T. A small object is placed on the 

rough surface of the trolley. If the object is at rest relative to the trolley 

show that the minimum value of the coefficient of friction is given by 
4𝜋2𝑎𝑔𝑇2 . 

 

28. P, Q are two points on a straight line such that PQ = 10𝑙 𝑚. The particle R 

of mass m kg moves along the straight line. Two forces 𝑇1, 𝑇2 are acting on 

R such that 𝑇1 = 3𝑚𝑔𝑙 𝑅𝑃⃗⃗⃗⃗  ⃗ and 𝑇2 = 2𝑚𝑔𝑙 𝑅𝑄⃗⃗⃗⃗  ⃗. The particle R is projected 

towards P from point Q with a velocity 5√𝑙𝑔𝑚𝑠−1 show that this motion is 

a simple harmonic motion and find its amplitude. Also find the time taken 

by the particle R to travel from Q to P.   

 

29. An object which moves in a simple harmonic motion around the centre O 

with a periodic time 10s and with an amplitude of 2m. Find the time taken 

by the object to travel between two points 1m away from the centre of 

oscilation O. 

 

30. A spring of natural length 2𝑎  and a modulus of elasticity 𝑚𝑔 is fixed to a 

point A on a horizontal table other end of the spring is connected to a mass 
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𝑚 which lies on the surface of the table. When the string is at its natural 

length a velocity 𝑢 is given to the object of mass 𝑚 in order to compress the 

spring. Use conservation law of energy and prove that the motion of the 

object of mass 𝑚 describes a simple harmonic motion. Show that the 

periodic time of this motion is given by 
2𝜋𝑎𝑢  also deduce that if 𝑢 = 2√𝑎𝑔 

the periodic time is given by 𝜋√𝑎𝑔 . 

 

31. A spring of natural length 𝑎 𝑚 and a modulus of elasticity 4𝑚𝑔 𝑁 is fixed 

to a point A on a smooth horizontal table other end of the spring is 

connected to a object of mass 𝑚 which lies on the surface of the table. The 

object is released from a point B which is 4𝑎 𝑚 away from A. In a particular 

moment of this motion the object lies 𝑥𝑚 away from the point A on the 

horizontal table, Obtain the equation of motion. Hence show that this 

motion is simple harmonic and calculate its amplitude and the centre of 

the simple harmonic motion.  

 

(i) Find the time taken by the object to reach a point 3a𝑚 away from  

 point A .  

(ii) Find the time taken by the object to reach a point a𝑚  away from  

  point A .  

 

 

32. An elastic string of natural length 𝑙 𝑚 and a modulus of elasticity mg N is 

fixed to a point A on a rough horizontal table and other end of the string is 

connected to an object of mass 𝑚 which lies on the surface of the table. The 

object is released from a point B which is 3𝑙 𝑚 away from A. If the 

coefficient of friction between the surface and object is μ(μ < 1). 

i. Find the time taken by the object to reach the point C which is located 𝑙 𝑚 away from the point A. 

ii. If μ = 12 find the time taken by the object to travel from B to A. 

 

33. The equation of motion in object P of mass M which is travelling in a 

straight line is given by 𝑥 = 𝑎 sin  𝜔𝑡. where 𝑎 and ω are constants and 𝑥 is 

the distance measured to the object from a fixed-point O. Find the force 

acting on P at this moment. If it is given that the velocity of the object at 
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centre of the simple harmonic motion is 𝑢 show that the amplitude of this 

motion is 
𝑢𝜔. 

 

34. The end of a straight horizontal railway is connected to a vertical wall 

which is perpendicular to the railway. Two-cylinder shaped barriers are 

connected to the wall just above the railway such that their axes are 

perpendicular to the wall. The open ends in both barriers are located 𝑑 𝑚 

away from the vertical wall. The force needed to push a barrier 𝑥 𝑚 

distance is 𝜆𝑥 𝑁 (𝜆 is a constant). A train of mass 𝑀 moving towards the 

wall with velocity 𝑣 hits the two barriers. If V< 𝑑√2𝜆𝑀  show that the train doesn’t collide with the vertical wall furthermore show that the train is in 

contact with the barriers for a time of π√𝑀2𝜆 . 

 

35. A spring of natural length 𝑎 𝑚  and a 

modulus of elasticity 2𝑚𝑔 𝑁 is fixed 

to a point A on a vertical wall on one 

end and the other end of the spring 

is connected to a object of mass 𝑚 

kg which lies on a horizontal surface 

as shown in the diagram. A mass of 𝑀 kg is projected towards such that 

it collides with the mass of 𝑚 kg with a velocity of  𝑢 𝑚𝑠−1. After the 

collision the two objects coalesces and moves towards the wall as a single 

body. Show that the motion after collision is simple harmonic and find the 

periodic time of this motion if it is given that 𝑀 = 2𝑚 and 𝑢 = √𝑎𝑔 𝑚𝑠−1.  

 

36. A taxi is driven with a velocity u in a straight road. When the taxi is at point 

T on the road it is asked to a point P which is at length d ahead of T. Point 

O is on the line of extended PT such that OT:OP = m:n. (m,n 𝜖 ℝ+and m<n). 

When the length from O to the taxi is 𝑥 the driver applies breaks such that 

the retardation of the taxi is given by 𝜔2𝑥 (ω is a constant). The taxi stops 

exactly at P. Find the expression for ω and also show that the time taken to 

travel from T to P is given by 
𝑑𝑢 √𝑛+𝑚𝑛−𝑚 cos−1(𝑚𝑛). Furthermore, if the driver 
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of the taxi has a mass of M show what the maximum horizontal force acting 

on the driver is given by 
𝑢2𝑀𝑛(𝑛+𝑚)𝑑 . 

 

37. An elastic string of natural length 50 m is hung from a fixed-point A on a 

horizontal ceiling other end of the string is connected to an object of mass 2 𝑘𝑔. The string comes to equilibrium when the length of the string is 70 𝑐𝑚 find the modulus of elasticity of the string. Now the object is 

displaced further 40𝑚 downwards from the position of equilibrium. 

Show that there after object starts to travel in a simple harmonic motion. 

Furthermore, find the periodic time of the object. (take g = 10ms-2) 

 

38. An elastic string of natural length 𝑙 and a modulus of elasticity 𝑚𝑔 is hung 

from a fixed-point A on a horizontal ceiling other end of the string is 

connected to a object of mass 𝑚 𝑘𝑔. The object is gently released under 

gravity from point A. Use conservation of energy in order to find the 

velocity of the object when the string comes to its natural length. Show that 

the time where the string is taut is √ 𝑙𝑔 [𝜋 + 2𝑠𝑖𝑛−1 √33 ] 
 

39. A spring of natural length 2𝑎𝑚 and a modulus of elasticity 2𝑚𝑔 is hung 

from a fixed-point A on a horizontal ground. The spring lies vertically such 

that end B vertically above A. An object of mass 
𝑚2 𝑘𝑔 is gently released 

from rest under gravity, from a point 
𝑎2 𝑚 above the level of B. After moving 

under gravity, the object collides with the end B and gets connected to the 

spring at B. Show that the object describes a simple harmonic motion after 

it is connected to B. Furthermore, show that the amplitude of this motion 

is 𝑎√5/2 and that the time the spring is compressed is given by √𝑎𝑔 [𝜋 + sin−1 1√5]. 
 

40. An elastic string AB of natural length 𝑙 and a modulus of elasticity 4𝑚𝑔 is 

hung from a fixed-point B on a horizontal ceiling which is located at a 

distance 2𝑙 above the ground level other end of the string is connected to a 

object of mass 𝑚 𝑘𝑔. The object is gently released under gravity from point 

B. By applying conservation law of energy, 
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i. Show that the maximum length of the string is 2𝑙. 
ii. Also find the velocity of the object when the string comes to its 

natural length. 

 

41. An elastic string of natural length 2𝑙  and a modulus of elasticity 2𝑚𝑔 is 

connected to two fixed-points P, Q which lie on the same horizontal level PQ = 4𝑙. An object R of mass m is connected the mid point of PQ, O. Object  

R is released from a point L which lies 
3𝑙2  distance from point P. Thereafter 

the object starts to travel along the line PQ describing a simple harmonic 

motion. Show that the periodic time of the simple harmonic motion is given 

by4√ 𝑙𝑔 [ 1√2 tan−1 34 + 12 tan−1 2√23 ]. 
 

42. Two cylinders of mass “m” and height “2h” lies on a horizontal table such 
that their axes are in the same line. Both the cylinders are drilled along 

their axes and tunnels are created. A spring of length 𝑙, (𝑙 > 2ℎ) is 

connected to mid points of the cylinders such that a spring length of 𝑙 
remain inside each cylinder. Such that the spring creates a buffer between 

the two cylinders. Assume that the force needed to extend or compress the 

spring by a distance 𝑥 is  
𝑚𝑔𝑥𝑙  . If the cylinders are projected towards each 

other with a velocity u. 

i. Show that the cylinders won’t collide with each other if    𝑢 < (𝑙 −2ℎ)√𝑔2𝑙. 
ii. If 𝑢 ≥ (𝑙 − 2ℎ)√𝑔2𝑙 and if the impact between the cylinders are 

completely elastic show that the periodic time of the buffer is given 

by √2𝑙𝑔   [𝜋 − √𝑔2𝑙 cos−1(𝑙−2ℎ𝑢 )]. 
 

43. Two elastic strings of natural lengths 2𝑎  and 𝑎 with modulus of elasticity 4𝑚𝑔 and 2𝑚𝑔 are connected to an object P of mass 𝑚 𝑘𝑔 the other ends of 

the strings are connected to points A and B respectively. The points A,B lie 

on the same vertical line such that AB = 5𝑎 and the point B lies vertically 

below A, now the object R is gently released from the point B. Describe the 
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motion of the object and deduce that the periodic time of the object is given 

by 2√ 𝑎2𝑔 [tan−1 43 + 1√2 (𝜋 − tan−1 4√23  ) − tan−1 45 + tan−1 2√25 ]. 
 

44. A force of 𝑚𝜔2(𝑂𝑃) directed towards O, acts on a object P of mass “m” 
which travels on a straight line. ω is a constant. The object is starting 

motion from rest from the point A, when the object is at a distance 𝑥 away from the point O the velocity of P is “V”, show that 𝑉2 = 𝜔2(𝑎2 − 𝑥2). 

 

45. A force of 𝑚𝜔2(𝑂𝑃) directed towards O, acts on a object P of mass “m” 
which travels on a straight line. ω is a constant. The object is starting 

motion from rest from the point A, when the object is at a distance 𝑥 away 

from the point O the velocity of P is V, show that 𝑉2 = 𝜔2(𝑎2 − 𝑥2). On this 

equation 𝑎 = 𝑂𝐴. 

 

An elastic string of natural length 6𝑎 is connected to two points A and B 

which are 9𝑎 distance apart. An object of mass m is connected to the string 

on the trisection point of the string closer to A. Now the object is displaced 

to a point P which is located  𝑎 distance away from A and then gently 

released from rest. Show that the object comes to instantaneous rest when 

the object reaches point (9+√303 ) 𝑎 away from A. 

 

46.  

a) A spring hung from a fixed-point on a horizontal ceiling the other end 

carries a mass. At the point of equilibrium, the extension of the spring is 𝑙. If the mass is given a vertical motion find the number of oscillations 

that occur within a second. 

 

b) Object P travels in the OXY plane such that at a time t its displacement OP 

is given by 𝑂𝑃⃗⃗⃗⃗  ⃗ = 𝑎 cos𝜔 𝑡𝑖 + 𝑏 sin𝜔 𝑡 𝑗. (𝑎, 𝑏, 𝜔) are constants and 𝑖, 𝑗 are 

unit vectors along X and Y axes. Show that object P describes an ellipse 

and find the vertical and horizontal components of the velocity and the 

acceleration of P. Furthermore, show that projections of describe a 

simple harmonic motion of periodic time 
2𝜋𝜔  on 𝑂𝑋⃗⃗ ⃗⃗  ⃗ and 𝑂𝑌⃗⃗⃗⃗  ⃗. 
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47. A spring of natural length 4𝑎𝑚  and a modulus of elasticity 2𝑚𝑔 is hung 

from a fixed-point A on a horizontal ground. The spring lies vertically such 

that end B vertically above A. A small stage is fixed to the spring at point B. 

A man of mass 𝑚 𝑘𝑔 is on the stage find the point O where the stage reaches 

equilibrium. The string is further compressed by a distance 𝑎  and released 

from rest. Show that the subsequent motion of the object describes a 

simple harmonic motion also obtain the periodic time of this motion. 

Furthermore, find the thrust of the spring is compressed by a length of 3𝑎. 

 

48. An elastic string AB of natural length 𝑙  and a modulus of elasticity 4𝑚𝑔 is 

hung from a fixed-point B on a horizontal celling which is located at a 

distance 2𝑙 above the ground level other end of the string is connected to 

an object of mass 𝑚 𝑘𝑔. The object is gently released under gravity from 

point B. By applying conservation law of energy. 

 

49. When a force W is applied on an elastic string of natural length 𝑎, it creates 

an extension of length b on the string. End A of the string is connected to a 

fixed-point on a ceiling.  End B hangs freely vertically below A. A child of 

weight w falling from a height A captures the end B. Assume that the string 

does not slip from the child's hand and show that the child returns to point 

A at a time 2√𝑊𝑏𝑤𝑔 {𝜋 − tan−1 (2𝑎𝑤𝑏𝑊 )} + 2√2𝑎𝑔 . 

 

50. One end of an elastic string of natural length 𝑙 is attached to the stationary 

point O. The other end is attached to particle of mass 𝑚. When the particle 

is hanging freely at equilibrium, the length of the string is 
3𝑙2 . The particle 

was displaced vertically downwards till the length of the string is 
7𝑙4   and 

then the particle is gently released freely from rest. Find the amplitude and 

periodic time of this motion. 

 

51. Two particles A and B of mass 𝑚 are attached to both ends of a string with 

a modulus of elasticity 3mg and the system is at equilibrium on a horizontal 

plane. The natural length of the string is 𝑎. The system is released from rest 

when 𝐴𝐵 = 𝑎 + 𝑏. Show that the particle collides with each other after 

time √ 𝑎6𝑔 [𝜋 2⁄ + 𝑎 𝑏]⁄  from the moment the particles were released. 



Simple Harmonic Motion 

12 

 

 

52. Two particles P and Q of mass 𝑚 are connected to each other by a light 

elastic string of natural length 𝑙 and elastic modulus 𝜆. At the beginning, at 𝑡 =  0, the P particle is at rest. The particle Q is projected from P with a 

velocity u . By considering their motions relative to the center of masses of 

P and Q, or otherwise, find the velocities of the particle. 

i. When the string has its maximum extension. 

ii. When the string loosens again.  

Furthermore, show that the particles P and Q collide with each other after 

a time 
2𝑙𝑢 + 𝜋√𝑚𝑙2𝜆  from the moment that they were released. 

 

53. Two particles A, B of masses 𝑚𝑘𝑔 and 3𝑚𝑘𝑔 are connected to ends of a 

string that has a natural length 𝑎𝑚 and modulus of elasticity 𝜆𝑁. The 

system placed on a smooth horizontal plane such that the string is at its 

natural length.The same impulsive force of I is applied towards opposite 

directions on both particles A and B away from each other. Find the 

maximum extension of the string and show that the string obtains its 

maximum extension at a time  
𝜋4 √3𝑎𝑚𝜆 . When 𝜆 = 𝑚𝑔 show that the time 

for the displacement is  
𝜋4 √3𝑎𝑔 . 

 

54. A light elastic string with a natural length 𝑎 and modulus of elasticity 𝑚𝑔 

is placed on a rough horizontal plane by attaching A of mass M and a B of 

mass 𝑚 at both ends, respectively. The coefficient of friction between the 

table and both masses is 𝜇  . Initially, particle B was held at point L at a 

distance 𝑎 from the point A. It was then projected along the table at a 

velocity of √8𝜇2𝑎𝑔  in the direction of AL. Find the maximum extension of 

the string, assuming that the object A is at rest on the table. Also show that 𝑀 ≥ 2𝑚. Furthermore, show that the particle B, Comes to rest after a time  [𝜋 + cos−1(1 3⁄ )]√𝑎𝑔  at its starting position. 

 

55. Show that the function 𝑓 (𝑡) (given by the equation 𝑓(𝑡) = 𝐴 cos𝜔𝑡 +𝐵 sin𝜔𝑡) satisfies the differential equation   𝑓′′(𝑡) + 𝜔2f(t) = 0. A, B, ω 
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are constants. A particle of mass 𝑚 moves under the force 𝑚𝜔2𝑃𝑂⃗⃗⃗⃗  ⃗ 

pointing towards a fixed-point O on a plane. By considering 

perpendicular directions towards the axes Ox and Oy at point O. Obtain 

differential equations of  
𝑑2𝑥𝑑𝑡2 + 𝜔2𝑥 = 0, 𝑑2𝑦𝑑𝑡2 + 𝜔2𝑦 = 0  at this moment 

the coordinate of particle P is given. 𝑃 ≡  (𝑥, 𝑦) 

 

If a particle is projected at a velocity perpendicular to OA from 𝐴 ≡ (𝑎, 𝑜), 

prove that the trajectory of P is elliptical and that 𝑢 > 𝑎𝜔 show that OA is 

a semi axis. 

 

56. Two strings of length 𝑙𝑚 with elastic modules 𝜆 attached to a particle of 

mass 𝑚𝑘𝑔 the other ends of the strings are attached to two fixed-points 

A,B which are on the same horizontal level such that AB = 3𝑙𝑚. The particle 

is at equilibrium at a point O which is 
5𝑙3  distance below the horizontal level 

of A. Now the particle is displaced  
16 𝑚 vertically downwards from the point 

O and gently released from rest. Find the kinetic equation of motion and 

show that the period of this motion is given by 2𝜋√ 𝑙6𝑔. 

 

57. A light elastic string with a natural length 𝑎 and elastic modulus 𝑚𝑔 is fixed 

to a point A on a rough horizontal plane the other end of the string is 

attached to a object of mass 𝑚𝑘𝑔. When the string is at its natural length 

the object is projected with a velocity √𝑎𝑔𝑚𝑠−1 along the horizontal 

surface such that the string gets taut. If the coefficient of friction is μ. Show 

that the object travels for a distance from of 𝑎[√1 + 𝜇2 − 𝜇] and comes to 

rest after a time √𝑎𝑔 tan−1(1𝜇). 

 

58. A lift on a mining camp moves on a vertical line AB. A is located on the 

surface of the earth and B is located in the bottom of the mining camp. The 

distance between A and B is 2h and O is the midpoint of AB. ω is a constant. 

When  𝑥 is the distance to the lift from the point O and the lift travels in an 

acceleration of  𝜔2𝑥 towards the centre O at this moment. The lift comes to 

instantaneous rest at points A and B. Use the first principle to find the time 

taken to travel from A to B. If a man of mass M is standing inside the lift 
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find the maximum and minimum reaction force acting on the man’s feet. 
Deduce that ω ≤ √𝑔ℎ , if ω > √𝑔h, show that the man should cling on to safety 

rings inside the lift for a time of 
1𝜔 cos−1( 𝑔𝑙𝜔2). 

 

59. A, B, C, D are 4 fixed points on a straight line. A particle P starts to travel 

along this straight line. The equations of motion of this particle P when the 

object is OA, AB, BC is given by 𝑥̈ = −𝜔2𝑥, 𝑥̈ = 0 , 𝑥̈ = −𝜔2𝑥. In the above 

equations 𝑥 is the distance measured to the particle P from the point O, ω 

is a constant. If the object is projected along the direction of OABC with a 

velocity √3𝑎𝜔, show that the particle comes to rest at point C. 

Furthermore, find the time taken by the particle to reach point O again. 

 

60. A force of 𝑚𝜔2(𝑂𝑃) directed towards O, acts on a object P of mass “m” 
which travels on a straight line. ω is a constant. The object is starting 

motion from rest from the point A, when the object is at a distance 𝑥 away 

from the point O the velocity of P is “V”, show that 𝑉2 = 𝜔2(𝑎2 − 𝑥2). On 

this equation 𝑎 = 𝑂𝐴. 

 

An elastic string of Natural length 6𝑎 is connected to two pints A and B 

which are 9𝑎 distance apart. An object of mass “m” is connected to string 
on the trisection point of the closer to A. Now the object is displaced to a 

point P which is located  𝑎 distance away from A and then gently released 

from rest. Show that the object comes to instantaneous rest when the 

object reaches point (9+√303 ) 𝑎 away from A.  

 

61. Particle P, which is hung by a light elastic string with natural length l and 

modulus of elasticity w, is connected to a fixed-point O. If the object 

performs a simple harmonic motion of amplitude 2𝑎. In a vertical line. At a 

time t its distance from O is 2(𝑙 + 𝑎 sin 𝑡 √ 𝑙𝑔). The time here is measured 

from the moment P has its equilibrium position. Also show that the 

amplitude of the oscillation is √𝑙2 + 2𝑎2  if it picks up another particle of 

the same weight as it rises from its equilibrium position. 
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62. The height of a cork, which is in the form of a circular cylinder, is ℎ𝑚. The 

weight is 𝑤. The cork floats on a large body of water while its axis is 

vertical. Find the submerged height. The density of water is ρ. Show that 

the motion is simple harmonic when pressed down vertically 𝑥 distance 

from the equilibrium position. Show that the maximum gravity S in the 

cork is 2𝜋√ℎ𝑆𝑔  . 

 

63. The modulus of elasticity of an elastic string is mg. The natural length of it 

is 𝑙. One end is connected to the fixed-point A. There are two particles of 

masses 𝑚,𝑀 kg are attached at the other end. When the system is in 

equilibrium, the 𝑀 particle is gently removed from the string. If 𝑀 < 𝑚, 

show that the motion of the particle 𝑚 is simple harmonic and the 

periodicity of this motion is 2𝜋√ 𝑙𝑔. Also show that the amplitude for this 

motion is  
𝑙𝑀𝑚 . Show that when 𝑀 = 2𝑚   and 𝑀 is removed, the string gets 

slack and that the 𝑚 particle rises and hits A. 

 

64. One end of an elastic string of natural length 𝑎 and modulus 𝑚𝑔 is attached 

to a point O on a smooth horizontal table, where O is located at a distance 

of 2𝑎 from the edge of the table. The other end of the string is connected to 

a particle P of mass m. A light inelastic string attached to particle P passes 

over the edge of the table and carries a mass Q particle at the other end of 

the string. The P particle is placed in a vertical plane perpendicular to the 

string edge with O at a distance from the edge and the system is released 

from rest. 

 

If the length of the elastic string is 𝑥, show that the system satisfies the 

equation 𝑥̈ + 𝑔2𝑎 (𝑥 − 2𝑎) = 0. Furthermore assume that this system also 

satisfies the equation 𝑥 − 2𝑎 = 𝐴 cos𝜔𝑡 + 𝐵 sin𝜔𝑡 where A and B are 

determined to be constant also show that ω = √ 𝑔2𝑎 and also deduce that 

particle P reaches the table edge after a time of 𝜋√ 𝑎2𝑔  with a velocity of √𝑎𝑔2 . 
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65. AB, BC are two light elastic strings connected at B to form a single string 

whose natural length is 𝑎 but whose modulus of elasticity is different. Its A 

end is fixed to a point on the horizontal ceiling and at the other end C it 

carries a particle of mass m. It is known that the period of small vertical 

oscillations around the equilibrium position of a particle is equal to the 

period of small oscillations of a simple suspension. The particle is projected 

vertically down from A at a velocity of 2√𝑎𝑔. Show that the particle returns 

to A after a time 2√𝑎𝑔 [2√2 − 2 + 𝜋 + cos−1 (13)]. (I think the elasticity 

modules should be given). 

 

66. The natural length of an elastic string is 2𝑚 and its modulus of elasticity is 10𝑁𝑚−1. One end of the elastic string is attached to point A on a smooth 

horizontal plane. The B end mounts a particle of mass 100g. The particle is 

released from point C where 𝐴𝐶 = 3𝑚. Find the time taken by the particle 

to travel from C to A Furthermore show that the motion of the particle 

describes a simple harmonic. 

 

67. The natural length of an elast elastic string 1𝑚 and the modulus of 

elasticity is 5Nof an elastic string. The string is connected to a fixed-point 

A on a horizontal celling. A particle of mass 200𝑔 is connected to the other 

end of the string. When the string is at natural length, the particle is at B 

and given a velocity of 5ms-1 in the direction of 𝐴𝐵⃗⃗⃗⃗  ⃗. Find the maximum 

extension of the string. Find the time taken by the particle to reach B again. 

 

68. One end of an elastic string with a modulus of elasticity of 10𝑁 and a 

natural length of 2𝑚 is mounted on a smooth horizontal surface and the 

other end is connected to a particle B of 500𝑔. The particle is released from 

a point C . If the distance from A to the particle at a time t from the moment 

of release is given by  𝑥. Also C is a point vertically below A such that AC = 4𝑚, find the time when the string reaches its natural length using the 

conservation law of energy Find the velocities of the particle when it’s at a 

distances of 3m, 2m from particle A. 
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69. A string of modulus of elasticity 2𝑚𝑔 is connected to a smooth horizontal 

plane at the point A. The natural length of the string is 𝑙. At the end B of the 

string the particle of mass 𝑚𝑘𝑔 is fixed. At position AB = 3𝑙, the 𝑚 𝑘𝑔 

particle is released at rest. Show that this particle describes a simple 

harmonic motion. Furthermore, find the velocity and time taken by the 

particle to reach A. 

 

70. The modulus of elasticity is 𝑚𝑔 N and the natural length is 𝑎𝑚 of an elastic 

spring. The end A of the spring is connected to a fixed-point and the other 

end B is connected to a particle of mass 𝑚𝑘𝑔. To the particle at point B an 

impulsive force 𝐼 is given in the direction of 𝐴𝐵⃗⃗⃗⃗  ⃗. Show that the motion of 

the particle is simple harmonic using the conservation law of energy. Show 

that the periodic time for this motion is 2𝜋√𝑎 𝑔⁄  . When the spring is 

compressed by 
𝑎4 𝑚, identify the velocity 𝑉𝑚𝑠−1 of the particle and the 

thrust on the string. Further if it is given that, 𝐼 = 𝑚√𝑎𝑔2   Show that 𝑉 =14 √3𝑎𝑔. 

 

71. A particle moves along a straight line so that its acceleration is in the 

direction towards a fixed-point O. Also, this acceleration is 𝜔2 times the 

distance to the particle measured from the point O. It is given that ω is a 

constant. Show that this motion is an oscillating motion (simple harmonic 

motion) and that the time taken for a complete oscillation is 
2𝜋𝜔 . 

Such a particle moves at a distance of 14𝑚 from O its velocity is 96 𝑐𝑚𝑠−1 

and its distance from O is 30𝑐𝑚 and its velocity is 80𝑐𝑚𝑠−1. 

i. calculate the duration of a complete oscillation. 

ii. find its velocity when the distance from O to the particle is 40cm. 

 

72. One end of a light elastic string of natural length  𝑎 and modulus of 

elasticity 𝑚𝑔 is connected to fixed-point O on a horizontal smooth table. 

At its other end a particle with mass 𝑚𝑘𝑔 is attached. At the beginning the 

particle is kept at rest on the table at a distance from  𝑎 + 𝑏 to O. If the 

particle is released from rest show that it approaches O after a time of (𝜋2 + 𝑎𝑏)√𝑎𝑔. As the particle passes through O, it coalesces with a particle of 
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mass 2m which is at rest on the point O. Find out how long it takes for the 

composite particle to return to the point O again. 

 

73. One end of an elastic string of length 𝑎 𝑚  is connected to a point P on the 

rough horizontal plane. The other Q end of the string is connected to a 

particle. The particle at Q is placed at a distance of 3 𝑎𝑚 from P and 

released from rest. The string has a modulus of elasticity which has twice 

the weight of the particle. The coefficient of friction between the particle 

and the plane is μ. Show that the distance travelled by the particle at t is 7𝑎4 [1 − cos√2𝑔𝑎 𝑡]. Show that the distance from P to the particle is 
17𝑎8  at a 

time   𝑡 = 𝜋3 √ 𝑎2𝑔. 

 

74. L and M are two fixed points. The distance between them is 5𝑙𝑚. A particle 

P of mass 𝑚𝑘𝑔 is moving in the LM line. The P particle moves in the LM line 

under the action of 3𝑚𝑔𝑃𝐿⃗⃗ ⃗⃗  , 2𝑚𝑔𝑃𝑀⃗⃗⃗⃗ ⃗⃗  forces. The particle is projected from 

L to P at a velocity of 5𝑙√𝑔  in the direction of 𝐿𝑀⃗⃗⃗⃗⃗⃗ . Show that this particle 

describes a simple harmonic motion and show that the period of this 

simple harmonic motion is given by 2𝜋 √5𝑔⁄ . 

 

75. One end of a spring of natural length 𝑎𝑚 and modulus of elasticity 𝜆 is 

mounted to O on a smooth horizontal blade. The other end of the bow is 

connected to a particle with mass 𝑚𝑘𝑔. The particle is projected at ums-1 

velocity as the string is extended. Find the maximum displacement of the 

particle from O Furthermore show that the motion of the particle is simple 

harmonic. Also deduce that the time to reach the maximum displacement 

is given by 
𝜋2 √𝑎𝑚𝜆 . If it is given that is λ =  𝑚𝑔 and 𝑢 = 4√𝑎𝑔𝑚𝑠−1 show the 

maximum distance from O to the particle is 5𝑎𝑚 and that it takes a time of 𝜋2 √𝑎g to reach this maximum distance. 

 

76. A particle of mass 𝑚 moves along a straight line under a force of 𝑚𝜔2𝑥, 

pointing to a point O on that line, where 𝑥 is the displacement of the particle from O and ω is a constant. If the velocity of the particle at a O is 
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given by 𝑎𝜔, then 𝑥 is located between −𝑎 and 𝑎. Find its velocity 𝑢 when 𝑥 = 𝑏(< 𝑎). When the particle reaches the point where 𝑥 =  𝑎, it is given 

velocity 𝑣 directed towards O. If the particle approaches O at a time 𝑡, show 

that 𝑣 = 𝑢(1 − 𝑏2𝑎2)−12 cos𝜔𝑡. Also find the velocity of the particle when 𝑥 = 𝑏 only in terms of 𝑢 and 𝑣. 

 

77. An elastic string is of modulus of elasticity 𝑚𝑔𝑁 and length 𝑎𝑚. One end of 

an elastic string attached to point A on a rough horizontal plane. The other 

end is connected to a particle of mass 𝑚𝑘𝑔. The string is slightly stretched. 

Due to an impulsive force applied on the particle, it begins to move along 

the string at a ums-1 velocity away from A. The coefficient of friction is 𝜇. 

 

78. A particle moves in a simple harmonic motion around the fixed-point O. 

The amplitude of the simple harmonic motion is 𝑎𝑚. The acceleration 

acting on the particle is given by −𝑘𝑥 when the particle is at point where 

the distance to the point O is 𝑥. The acceleration is −3𝑘𝑥 as soon as the 

particle passes point A which is a distance of  
𝑎2 away from the point O. 

Show that the period of the simple harmonic motion is given by  
4√𝑘 [𝜋6 +1√3 cos−1 23]. 

 

79. Two fixed points on a straight line are A and B. 𝐴𝐵 =  12𝑎. A particle of 

mass 𝑚𝑘𝑔 moves between A and B. The particle is at a point P on the line 

AB. At this moment when the particle is at the point P forces of mk2d and 

3mk2 (12𝑎 − 𝑑)  acts on the particle towards the directions of points A, B 

respectively. Where 𝑑 =  𝐴𝑃, and 𝑘 is a constant. The particle is in 

equilibrium at point O. Show that 𝐴𝑂 =  9𝑎. Show that the particle moves 

in a simple harmonic motion around the point O and show that the periodic 

time of the particle is given by 
𝜋𝑘. 

Now the particle is gently released from rest from the point C where   A𝐶 = 11𝑎. Find following in terms of 𝑎, 𝑘, 

i. the minimum distance from A to the particle. 

ii. the maximum velocity of the particle. 

iii. the magnitude of the maximum acceleration of the particle. 
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80. The natural length of a light elastic spring is 
12 𝑚. The modulus of elasticity 

is 4N. The spring is at equilibrium on a smooth horizontal table. Both ends 

of the spring are at fixed-points O, A on the horizontal table. It is given that 𝑂𝐴 = 12 𝑚. The spring is connected to the fixed-point O at one end. At the 

end of A, a 2kg particle is attached to the string. The particle oscillates on 

OA in a simple harmonic motion. If the particle has displacement of 𝑥, 

which is given by the function 𝑥 = 12 + 110 sin 𝑡, at a time 𝑡 measured from 

the time which the object started its motion.  Show that the motion 

equation of the particle is 𝑥̈ + 4𝑥 = 12 sin 𝑡. Show that the displacement of 

the particle at a time 𝑡 is given by 
215 (2 sin 𝑡 − sin 2𝑡). Find time taken for 

the particle to reach instantaneous rest for the first time. 

 

81. A particle of mass 𝑚 is on a rough horizontal table. The force 𝑚𝑘𝑥 acts on 

the particle towards a direction of a fixed-point O on the table. At this 

moment the distance from O to the particle is 𝑥. When the particle is at a 

distance 𝑐, from O the particle is gently released from rest. The coefficient 

of friction between the particle and the table is μ. If 𝑐 > 𝜇 𝑔 𝑘⁄ , Show that 

the particle describes a simple harmonic motion furthermore show that 

the particle is at a distance of  𝜇 𝑔 𝑘⁄  away from the point O at a time 
𝜋2/√𝑘. 

Also show that if 𝑐 > 2𝜇𝑔𝑘   the particle comes to O at a velocity (𝑘𝑐2 − 2𝜇𝑔𝑐)12. 

 

82. A particle of mass 𝑚 is hung from a fixed-point O by an elastic string of 

natural length 𝑎 and a modulus of elasticity 𝜆. At equilibrium, the particle 

is pushed down with a velocity 𝑉. When the particle is displaced a length 

of  y downwards from the equilibrium position, show that the equation of 

motion of the particle is given by 𝑦̈ + 𝑘2𝑦 = 0  and show that the time 

before the particle comes to instantaneous rest is given by (𝑚𝑎𝜋2/4𝜆)12. If 𝑉2 > 𝑎𝑚𝑔2𝜆 , show that the string gets slacked and also show that the velocity 

of the particle when the string just gets slacked is given by (𝑉2 − 𝑎𝑚𝑔2𝜆 )12. 
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83. An elastic string of modulus of elasticity 𝜆, and natural length 𝑙 is attached 

to fixed-point A on a rough horizontal plane. The other end of the string is 

connected to a particle of mass 𝑚 The coefficient of friction between the 

plane and the particle is μ .The particle is gently released from rest at a 

point B which is located at a distance 2𝑎 away from the point A. Show that 

this particle describes a simple harmonic motion and find the amplitude 

and the center of the simple harmonic motion. If it is given that 𝜆 =𝑚𝑔, 𝜇 = 13, show that the time it takes for the string to get slacked is given 

by 
2𝜋3 √𝑎𝑔. 

 

84. A particle of mass 𝑚 moves in a simple harmonic motion. The periodic time 

of the particle is √2𝜋. There after A force of magnitude 𝑚𝑘𝑥 is always 

applied to the particle against the direction of its motion. The displacement 

of the particle from the center of the simple harmonic motion is given by 𝑥. 

Show that the new motion of the particle is also simple harmonic and that 

the periodic time for this motion is 𝜋[ 1√2−𝑘 + 12+𝑘]. 
 

85. A horizontal platform moves vertically. 𝑥 is displacement of the plane 

measured from a fixed horizontal plane at time 𝑡, it is given that   𝑥 = 𝑎 𝑠𝑖𝑛2𝜔𝑡. ω and 𝑎 are positive constants. Show that the motion of the 

platform is a simple harmonic motion with the center of oscillation at 𝑥 =𝑎2. Find the amplitude and the periodic time of the motion. When 𝑥 =  0 a 

particle is placed on the platform. The particle moves vertically upwards 

and leaves the platform at a moment when 𝑥 = 5𝑎6 . Show that 𝑎𝜔2 = 3𝑔4 . 

 

86. A tow truck A pulls a car B with a mass of 600𝑘𝑔. The two vehicles are tied 

with a rope of modulus of elasticity of 24 000𝑁𝑚−1 and a natural length of 10𝑚. When 𝑡 =  0, The car B is resting at point O. At that moment the 

distance between the vehicles is 10m. Vehicle A moves at a constant speed 

of 6ms-1. At a time 𝑡 B is at a distance of 𝑥𝑚 away from the point O. Show 

that 𝑥 ̈ +  4𝑥 =  24𝑡. Furthermore, show that 𝑑 = 10 + 3 sin 2𝑡.   Where 𝑑𝑚 the distance between the vehicles at a time 𝑡. 
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87. One end of a 1m long elastic string is attached to a stationary point A. The 

other end of the string is connected to a particle of mass 5kg. The particle 

is at equilibrium hanging freely on the string at this moment the extension 

of the string is 25cm. Show that the modulus of elasticity of the string is 

200N. Then the particle is further displaced a distance of 15cm vertically 

downwards from the point of equilibrium and released gently at rest. Show 

that the motion of this particle is simple harmonic and that the amplitude 

and frequency of this particle is 15cm and 2𝜋√52, respectively. Obtain 

maximum speed of the particle also find the point where it occurs. 

 

88. One end of an elastic string of natural length 2m and modulus of elasticity 

80N is connected to a fixed-point A on a horizontal ceiling and the other 

end is connected to a particle of mass 2kg. At the moment of equilibrium, 

the string is vertical, and the particle is hanging freely on the sting. Show 

that the extension of the string when the system equilibrium is 50cm. 

There after, the particle is propelled vertically downwards with a speed of 

2ms-1 from the position of equilibrium. Show that the particle describes a 

simple harmonic motion and furthermore evaluate the amplitude and 

period of the simple harmonic motion. 

 

89. A child of mass 40kg is hanging on to one end of an elastic string which has 

a natural length of 10m and a modulus of elasticity 50g. The other end of 

the string is attached to a bridge. The boy gently jumps off the bridge 

starting from rest. Show that the time taken for the child to reach 

instantaneous rest is given by 
15 (5√2 + 2√5𝜋 − 2√5 cos−1 √147 ). Also 

calculate the tension of the string at that moment. g = 10ms-2. 

 

90. One end of an elastic string AB of length 2𝑎𝑚 and modulus of elasticity 

2𝑚𝑔𝑁 is connected to a fixed-point at A and a particle of mass 𝑚𝑘𝑔 is 

attached to the string on the end B. The particle is gently released from rest 

from the point A. Show that this particle describes a simple harmonic 

motion also find the oscillation center and the amplitude of this simple 

harmonic motion. Find the time taken by the particle in order to return to 

point A again for a second time. Furthermore, find the velocity of the 

particle and the tension of the string when the length of the string is 3𝑎. 
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91. One end of an elastic string of length 𝑙𝑚 and modulus of elasticity 𝑚𝑔𝑁 is 

fixed at a fixed O point. The other end of the string is connected to a particle 

of mass 𝑚. The particle is gently released under gravity from point O. Show 

that this particle describes a simple harmonic motion using conservation 

law of energy, 𝑥 represents  the distance to the particle at time ‘t’ when the 

string is extended. Find the amplitude of the motion and show that the 

period of the motion of this particle is given by 2√ 𝑙𝑔 [√2 + 𝜋 − cos−1( 1√3)]. 
Find the velocity of the particle at a moment where it is a distance of 3𝑙𝑚 

below the point of O. 

 

92. One end of an elastic string of length 𝑙 and modulus of elasticity 𝜆 is fixed 

at a fixed O point. The other end of the string is connected to a particle of 

mass 𝑚. The particle is gently released under gravity from point O. Show 

that the particle returns to point O after a time 2[√2𝑙𝑔 + √𝑚𝑙𝜆 (𝜋 −tan−1(√ 2𝜆𝑚𝑔))]. when →∝, what is the limit of this time interval? 

 

93. One end of an elastic string of length 𝑙𝑚 is fixed at a fixed O point. The other 

end of the string is connected to a particle. The particle is at rest, at a 

distance 𝑙 +  𝑎 below the point O. If the particle is pulled down a length 

less than 𝑎 and gently released from rest, show that the particle describes 

a complete simple harmonic motion. Describe what happens if the particle 

is vertically pulled down a distance 2𝑎 from its equilibrium position and 

then released from rest and 𝑙 > 3𝑎2  . 

 

94. A Particle of mass 𝑚 is tied to a end of a light elastic string of natural length 𝑙. The other end of the string is connected to a fixed-point A. The particle is 

gently released from rest at the point A. The particle drops for a maximum 

distance of 2𝑙 before reaching instantaneous rest. Show that the modulus 

of elasticity of the string is 4𝑚𝑔 and that the particle once again returns to 

the level of point A after a time √ 𝑙𝑔  [2√2 − 𝜋 −  𝑐𝑜𝑠−1(13)] 
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95. A, B particles of mass 𝑚 each are attached to each end of a light inelastic 

string that falls over the edge of a horizontal smooth table. The particle A 

is attached to a point O on the table by an elastic string with a modulus of 

elasticity 𝑚𝑔 and a natural length 𝑙. The inelastic string is taut 

perpendicular to the edge of the table and the particle B is hanging freely 

from the vertical end of the inelastic string. Particle A is placed at the point 

O and the system is gently released from rest. In the subsequent motion 

particle, A doesn’t reach the edge of the table show that, 
i. the distance from O to the table edge is greater than 𝑙(2 + √3). 

ii. the particle once again returns to the O after a time 2√2𝑙𝑔 [𝜋 + √2 −tan−1 √2]. 
 

96. One end of an elastic string of length 𝑙𝑚 is fixed at a fixed O point. The other 

end of the string is connected to a particle P of mass 𝑚. The particle is 

gently released under gravity from point O. If the maximum depth of the P 

particle below O during the resulting motion is 3𝑙, show that the modulus 

of elasticity of the string is 
3𝑚𝑔2 . Furthermore, prove that the particle P 

reaches it lowest point at a time √2𝑙𝑔 [1 + 2𝜋3√3]. 
 

97. One end of an elastic string of length 𝑎 and a modulus of elasticity 𝑚𝑔 is 

fixed at a fixed O point. The other end of the string is connected to a particle 

of mass 𝑚. The particle is gently released from rest under gravity from 

point P which is located a distance of  
𝑎2  below the point of O. Prove that 

the particle again returns to point P after a time √𝑎𝑔 [2 + 3𝜋2 ]. Find the 

maximum speed at which is obtained by the particle through out this 

motion. 

 

98. A light elastic string is used to hang a particle at a fixed-point under gravity. 

When the particle is hanging in equilibrium, the string has an extension of  𝑐. Show that the period of small vertical oscillations around the equilibrium 

position is 2𝜋√𝑐𝑔. Now the particle is pulled down vertically from the 

equilibrium position to a distance of 3c below it and then released the 
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particle was gently released from rest. Prove that the particle travels 

vertically upwards for a total time of [𝜋 − cos−1 13 + 2√2](𝑐𝑔)12. 

 

99.  

a) A spiral spring is used to hang a mass from a fixed-point. When the mass 

is at rest, the extension of the string is 𝑙. Find the total number of 

oscillations per second when the mass is given a vertical motion. 

Modulus off elasticity of the spring is 𝜆 . 
 

b) A point P on the 𝑜𝑥𝑦 plane moves in such a way that at a time 𝑡 its position 

vector 𝑂𝑃⃗⃗⃗⃗  ⃗ is given by  𝑂𝑃⃗⃗⃗⃗  ⃗ = 𝑎 cos𝜔𝑡 𝑖 + 𝑏 sin𝜔𝑡 𝑗. Where 𝑎, 𝑏 and 𝜔 are 

positive constants and 𝑖 and 𝑗 are the unit vectors along the 𝑂𝑋⃗⃗ ⃗⃗  ⃗ and  𝑂𝑌⃗⃗⃗⃗  ⃗ 

axes, respectively. Find the vertical and horizontal components of 

velocity and acceleration in P, showing that the trajectory of P is an 

ellipse. Show that the projections of P on 𝑂𝑋⃗⃗ ⃗⃗  ⃗ and 𝑂𝑌⃗⃗⃗⃗  ⃗ produce simple 

harmonic motions with the same periodic times of 
2𝜋𝜔 . 

 

100. A spiral spring is of natural length 4𝑎𝑚 and a modulus of elasticity of 2𝑚𝑔𝑁 and one end of the spring is fixed at point A at a horizontal floor. 

The spring is vertical. A small horizontal platform was mounted on the 

spring at its other end B. Find the point of equilibrium O when a child with 

mass 𝑚𝑘𝑔 is standing up on the platform. Now the spring is compressed 

by a distance 𝑎 vertically downwards Show that the subsequent motion of 

the platform describes a simple harmonic motion. Also find the amplitude 

and the periodic time of this motion. Find the thrust on the spring when it’s 

compressed by a length 3𝑎. 

 

101. The lower end of a spring of natural length 2𝑎 is fixed to a point on a 

horizontal floor the spring stands vertically and stands upright. A particle 

of mass of 𝑚 is attached to the upper end of the string, when the system is 

at equilibrium the particle compresses the spring by length of 
𝑎4. A second 

particle with the same mass of 𝑚 is held at rest at a height of 
3𝑎8  and is 

released gently from rest such that it collides with the particle connected 

to the string. After the collision if the two objects coalesce with each other, 
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show that the time of the subsequent motion is 2π√ 𝑎2𝑔 and the amplitude 

for this motion is  
𝑎8 √10 . 

 

102. For a motion which has the equation of 𝑥̈ + 𝜔2𝑥 = 0, the periodic time of 

this simple harmonic motion is given by 
2𝜋𝜔 , and if it is given that 𝑥 =𝑎 and that 𝑥̇ = 0, hence show that 𝑥̇2 = 𝜔2(𝑎2 − 𝑥2). One end of a light 

elastic string of natural length 𝑎  and modulus of elasticity 𝑚𝑔 is 

connected to a fixed-point O on a horizontal ceiling, and the other end of 

that string is connected to a particle of mass 𝑚. The particle is projected 

vertically downward from O at a velocity 𝑣. As the particle travels 

downward, the maximum length of the light inelastic string is 𝑎 +  𝑙, and 

show that the time taken to reach the lowest point in this subsequent 

motion is given by  √𝑎𝑔 [𝜋 − cos−1 (𝑎𝑔) − 𝑣 √𝑎𝑔⁄ + √2 + 𝑣2𝑎𝑔]. If it is given 

that 𝑙 = √(𝑣2 + 3𝑎𝑔) 𝑎𝑔,  therefore, write a statement for the time it takes 

for the particle to ascend from this point, hit the ceiling and then return to 

the lowest point. Assume that the coefficient of restitution between the 

celling and the particle is 𝑒.  

 

103. One end of a light elastic string is of natural length 𝑙𝑚,  is attached to point 

A on the ceiling. The other end of the string is connected to particle, after 

the particle is connected and when the system is at equilibrium the length 

of the string is 𝑎𝑚. The particle is displaced vertically downwards until the 

string length of the elastic string is 4𝑙𝑚 and then the particle is released 

gently from rest. The particle just reaches A. Show that 𝑎 = 17𝑙8 . Show that 

the total time taken by the partical from the moment it was released and 

to reach the point A is given by √ 𝑙𝑔 [√2 + √32 (𝜋 − cos−1 35)]. 
 

104. One end of a light elastic string of length 𝑙𝑚 and modulus of elasticity of 

6𝑚𝑔𝑁 is attached to a fixed-point A. At the other end of B two particles P, 

Q of masses 𝑚, 2𝑚 are mounted to the string P, Q. If the particles are in 

equilibrium at the point C, find the extension of the string when the system 



Simple Harmonic Motion 

27 

 

is at equilibrium. When 𝑡 = 0, the Q particle falls from point C. Find the 

amplitude and periodic time of the particle P, showing that the subsequent 

motion of the object P is simple harmonic. 

 

105. One end of an elastic string of natural length 𝑎 with a modulus 𝑚𝑔 of is 

connected to a fixed-point A. At the other end of the string a particle P of 

mass 𝑚 is connected to the string. Thereafter the particle is projected 

downwards from the point O where 𝑂𝐴 = 𝑎. When the distance measured 

to the particle downwards from the point of O is, write down the equation 

of motion for the particle. 

i. Show that the particle moves in a straight line from O to distance of 𝑎 to the level of the point B when the string is extended. 

ii. If the projection velocity of the particle at O is 2√2𝑎𝑔, then assume 

that the velocity of the particle is 𝑣 when the length of the string is 𝑎 +  𝑥 , therefore obtain the equation 𝑎𝑣2 = 2𝑎𝑔(𝑥 + 4𝑎) − 𝑔𝑥2. 

iii. Find the maximum distance to the P particle below O. Also calculate 

the maximum tension of the string. 

 

106. One end of an elastic string A of natural length of 𝑎𝑚 

and modulus of elasticity 𝑚𝑔𝑁 is connected to a 

fixed-point. At the other end, a child of a mass of 𝑚𝑘𝑔 

is hanging on to the string on a stage below A. The 

child gently leaves the stage from rest and falls down 

vertically. If the length of the string at a particular 

moment is 𝑎 + 𝑥 and the velocity of the child is 𝑉, 

show that 𝑎𝑉2 = 2𝑎𝑔𝑥 − 𝑔𝑥2. 

Hence, 

i. Find the maximum displacement of the child from A. 

ii. Find the maximum speed of the child and the maximum tension of 

the string. 

 

107. One end of an elastic string with a natural length 𝑎 and a 

modulus of elasticity of 12𝑚𝑔 is attached to a fixed-point 

on the ceiling. At the other end a particle of mass 𝑚 is 

mounted and the system is at equilibrium while the 

particle is hanging freely on the string. Find the extension 
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of the string. Now the particle is displaced vertically downwards by a 

distance 𝑥 from the equilibrium position and the particle is gently released 

from rest. The particle barely reaches the ceiling. 

i. Find the value of 𝑥. 

ii. Find the maximum speed and maximum acceleration in the 

subsequent motion. 

 

108. A and C are two fixed points. 𝐴𝐶 =  3𝑎 and AC is vertical. A is above the 

horizontal level of C. AB, BC are two elastic strands with modulus of 𝑚𝑔 each. A, C are connected to two fixed-points and the particle of mass 𝑚 

is attached to point B connecting both strings to the particle. Particle B is 

released from rest at the point C. Show that the particle reaches its 

maximum height from the point C in 
𝜋2 (1 + 1√2)√𝑎𝑔 time. 

 

109. One end A of an elastic string with a natural length 𝑎 and a modulus of 

elasticity of 20𝑚𝑔 is connected to a fixed-point. The particle 𝑚 is attached 

to the end B of the string. The particle is gently released from a point 
𝑎2 

vertically above the level of A. Show that the particle descends to a point 
3𝑎2   

below the level of A. Show that the motion of the particle is simple 

harmonic, when the string is taut. Find the center of oscillation. Find the 

time it took for the particle to reach the lowest point from that center. Show 

that the speed at which the particle moves past the center of oscillation is 910 √5𝑎𝑔. 

 

110. One end of a light elastic string of natural length 𝑙 and modulus of 

elasticity 𝑚𝑔, is connected to a fixed-point O and the other end of the 

string is connected to a particle of mass of 𝑚. The particle is projected 

vertically upwards from O with velocity of √(𝑛2 + 2)𝑔𝑙 when 𝑡 =  0, 

where 𝑛 is a positive constant, and 𝑘𝑙 is the maximum height at which the 

particle reaches. Where 𝑘 is a constant greater than 1, 

 

Write the equation of motion, If the height of the particle above O is given 

by 𝑦(𝑡), as a differential equation, separating the cases. 

i. 0 ≤ 𝑦 ≤ 𝑙. 
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ii. 𝑙 < 𝑦 ≤ 𝑘𝑙. 
 

In the above case 𝜔 = √𝑔𝑙   and also 𝑡 ≥ 𝑡0 then deduce that the differential 

equation 𝑦(𝑡) = 𝐴 cos𝜔 (t − 𝑡0) + B sin𝜔 (t − 𝑡0)  is satisfied for 𝑙 < 𝑦 ≤𝑘𝑙  and find the constants A and B. Show that the particle starts to descend 

after a time of   [√𝑛2 + 2 − 𝑛 + tan−1 𝑛]√ 𝑙𝑔  and also find the value of 𝑘. 

 

111. One end of an elastic string with a natural length 𝑎 and modulus of 

elasticity 2𝑚𝑔 is attached to a point O. At the other end of the string a 

particle of mass 𝑚 hangs freely. If the particle is displaced a small amount 

of the position of equilibrium show that the periodic time of a vertical 

oscillation of the particle is given by 𝜋√2𝑎𝑔 . The particle is now vertically 

displaced by a length ℎ from the equilibrium position. If the particle barely 

reaches O. Show that ℎ = 𝑎√5/2 and the total time to reach O is √ 𝑎2𝑔 [2 +𝜋 − cos−1( 1√5)]. 
 

112. A particle of mass of 𝑚 is attached to one end of a string whose natural 

length of 𝑎 and a modulus of elasticity of 2𝑚𝑔. The other end of the string 

is fixed to a point O on a plane which makes an angle of 30° to the 

horizontal. The particle is on the inclined plane and the string is along the 

maximum slope line. The particle is displaced down wards along the 

inclined plane such that the length of the string is  2𝑎 along the maximum 

slope of the inclined plane. Thereafter the particle is gently released from 

rest. Show that the initial motion of the particle's motion is simple 

harmonic. Also find the amplitude of the string and show that the periodic 

time of the initial motion is 2π√ a2𝑔. Show that the velocity of the particle is √𝑎𝑔 when the string gets slack. Show that the time taken by the particle to 

reach the point O is given by [𝜋 − cos−1( 13) +2√2]√ 𝑎2𝑔. 
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113. A uniform circular plate of centre O, and a mass 𝑀 is at equilibrium while 

one side is touching a horizontal plane. An elastic string of modulus of 

elasticity 𝑚𝑔 and natural length 𝑎 is connected to the point O at one end of 

the string. A particle of mass 𝑚  is attached to the other end of the elastic 

string. The particle is projected vertically upwards from O at a velocity of 𝑢 = √5𝑎𝑔. In the subsequent motion the plate remains at rest. Find the 

maximum height in 𝑚 above the level of O and show that 𝑀 >  𝑚. If the top 

surface of the plate is a completely elastic, show that the motion of 𝑚 is 

periodic and the periodic time is given by 2[√5 − √3 + 𝜋3]√𝑎𝑔 . 

 

114. AB and BC are two light, elastic strings of different moduli of elasticity and 

of the same natural length 𝑎, that are joined at B to form a single string. The 

end of A is fixed to a point on the horizontal ceiling and the other end 

carries a mass of 𝑚 particle. Oscillations around the equilibrium position 

of the particle has the same periodic time of a simple suspension of length 𝑙. If 𝑚 is projected vertically down wards from A at a speed of 2𝑎√𝑔𝑙 , show 

that the particle comes back to point A at a time 
4𝑎√𝑔𝑙 {√1 + 𝑙𝑎 − 1 + 2(𝜋 −𝛼}√ 𝑙𝑔. Where 𝛼 = cos−1( 𝑙𝑙+2𝑎) . 

Show that the string gets slack at a time √ 𝑙2𝑔 [𝜋 − cos−1 23 when the particle 

is released from rest at a point O vertically below A such that  𝑂𝐴 = 9𝑙4 . 

 

115. The particle 𝑚 is attached to one end of an elastic string whose natural 

length is 𝑎 and modulus of elasticity of 𝑚𝑔. The other end is connected to 

a fixed-point O. The particle 𝑚 hangs vertically in equilibrium now a mass 

of 𝑀 is attached to the particle. Show that the motion after the particle M 

merges with the particle 𝑚 is simple harmonic and the amplitude of this 

motion is 
𝑎𝑀𝑚 . Find the periodic time of this motion. When the string is 

stretched to its maximum length, the particle M gently slips off from the 
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string. In the subsequent motion, 𝑚 slightly approaches O. Considering 

potential energy of the motion and show that 𝑀 = 𝑚2 √3 . 
 

116. A particle P of mass 𝑚𝑘𝑔 is attached at the midpoint of an elastic string 

with a natural length of 2𝑙𝑚 and a modulus of elasticity 𝑚𝑔𝑁. Both ends of 

the string are mounted at two fixed-points A and B on the smooth 

horizontal plane. Such that 𝐴𝐵 =  4𝑙𝑚. The particle P is released from C 

when 𝐶 =  𝑙𝑚. Show that the motion is simple harmonic and show that the 

periodic time is given by π√2𝑙𝑔 . 

 

117. The modulus of elasticity of an elastic string, which has a natural length of 2𝑎𝑚, is 2𝑚𝑔. The two ends of the string are attached to two fixed-points A 

and B in a smooth horizontal plane. Such that 𝐴𝐵 =  6𝑎𝑚. The 𝑚𝑘𝑔 

particle is mounted at the midpoint of the string. The particle is released at 

rest at a point 
𝑎2 𝑚 away from the point A. Explain the motion and show the 

particle of the subsequent motion after releasing the particle, and show 

that the periodic time of the particle is given by 4√ 𝑎2𝑔 [cos−1 89 +1√2 sin−1 4√27 ]. 
 

118. The modulus of elasticity of an elastic string, which has a natural length of 2𝑎𝑚, is 𝑚𝑔. The two ends of the string are attached to two fixed-points A 

and B in a smooth horizontal plane. Such that 𝐴𝐵 =  4𝑎𝑚. A particle P of 

mass 𝑚𝑘𝑔 is mounted at the midpoint of the string. The particle is released 

at rest from the point A.  Explain the motion and show the particle of the 

subsequent motion after releasing the particle and show that the periodic 

time of the particle is given by 4√𝑎𝑔 [cos−1 23 + 1√2 sin−1 √2√7]. 
 

119. The modulus of elasticity of two elastic strings of natural lengths, 𝑎𝑚 and 2𝑎𝑚, are 4𝑚𝑔𝑁 and 𝑚𝑔𝑁, respectively. The two ends of the string are 

attached to the particle R, whose mass is 𝑚𝑘𝑔. The other two ends of the 

two strings are attached to two fixed-points A and B, where 𝐴𝐵 =  4𝑎𝑚. 

The particle R is displaced to A and gently released from rest. Show that 
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the periodic time of the motion of the particle is given by 2√2𝑎𝑔 [𝜋2 +13 sin−1( 12√7)]. 
 

120. The modulus of elasticity of two elastic strings of natural lengths, 3𝑙 and 2𝑙, 
are 𝑚𝑔𝑁 and 2𝑚𝑔𝑁, respectively. The two ends of the string are attached 

to the particle P, whose mass is 𝑚𝑘𝑔. The other ends of the string is 

connected to points A, B such that 𝐴𝐵 =  7𝑙𝑚. Show that AP = 
9𝑙2   when the 

particle is at equilibrium. The particle is released from point C on AB at a 

distance of 5𝑙𝑚 from A. Show that the motion of the particle is simple 

harmonic and that the periodic time of the motion is 𝜋√3𝑎𝑔 . 

 

121. On top of a smooth table two equal particles of a mass 𝑚 are connected by 

a light elastic string with natural length  𝑎 and modulus of elasticity 𝜆. One 

particle is projected at a velocity 𝑢 away from the other and in the direction 

of the string. In the subsequent motion, show that the center of mass of the 

system moves in a straight line at a uniform velocity  
𝑢2. By considering the 

relative motion of the center of masses or otherwise. Show that the 

particles collide after a time of 𝜋√𝑚𝑎2𝜆 + 𝑎𝑢 . 

 

122. A particle P of mass of  𝑚 is connected to the midpoint of an elastic string 

of natural length 2𝑙 and modulus of elasticity 𝑚𝑔. The two ends of the 

string are attached to two fixed-points A and B at a distance of 4𝑙 from each 

other on a smooth horizontal table. At the beginning A, P, B are placed in a 

straight line, such that 𝐴𝑃 = 3𝑙, and the particle P is gently released from 

that position. When there is a particle P in a position such that 𝐴𝑃 = 2𝑙 +𝑥, write the equation of motion for the particle. Hence obtain the equation 𝑥̈ + 𝜔2𝑥 = 0 such that 𝜔2 = 2𝑔𝑙 . Find the center, amplitude, and the 

periodic time of the simple harmonic motion of the particle P. Also find the 

maximum speed of the particle and the minimum time it takes to obtain 

the maximum speed. 
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123. The natural length of an elastic string is 2𝑎𝑚. The particle 𝑚𝑘𝑔 is fixed at 

the midpoint O. Both ends of the string A and B are attached on two smooth 

points with A and B on a smooth horizontal plane. Such that 𝐴𝐵 =  2𝑏𝑚. 

When 100𝑁 is applied to the string, it extends 10 cm per one meter. The 

particle is displaced by a distance of d away from the point of O towards 

the point A and it is gently released from rest from at that point. If it is given 

that (𝑑 < 𝑏 − 𝑎)  Show that the motion of the particle is simple harmonic, 

and the periodic time of the particle is given by 
𝜋10 √𝑎𝑚5 . 

 

124. Two particles with a mass of m 𝑘𝑔 and 3m 𝑘𝑔 are attached to both ends of 

an elastic string of length 𝑎𝑚. The modulus of elasticity of the string is 3𝑚𝑔𝑁. The particles on the smooth plane are at a distance of 𝑎𝑚 away 

from each other. An impulse I is applied on both particles at the same time 

such that the string is extended. Show the time taken for string to reach its 

maximum length is given by 
𝜋2 √𝑎𝑔. 

 

125. Two particles with a mass of m kg and 4m kg are attached to both ends of 

an elastic string of length 5𝑙 𝑚. The modulus of elasticity of the string is mgN. The particles on the smooth plane are at a distance of 5𝑙 𝑚 away from 

each other such that the string is slightly taut. Now the particle B is given a 

velocity of 𝑢𝑚𝑠−1 such that the string is extended along the direction of the 

string. Find the maximum extension of the string and the time taken for the 

string to reach its maximum length. 

 

126. A and B are two fixed points on a smooth horizontal plane. Such that 𝐴𝐵 =85 𝑚. A particle P of mass  
12 𝑘𝑔 has two elastic strings attached to it at each 

end of the string. The natural lengths and the modulus of elasticity of the 

strings are each 
35 𝑚 and 

2720 𝑁. The other two ends of the strings are attached 

to two fixed-points A and B in the same horizontal level. The midpoint of 

AB is O. The particle P is gently released from rest at a point C, where BC = 35 𝑚 the displacement of the P particle from the point O is given by 𝑥𝑚. 

i. Find the tension of the string in terms of 𝑥. 
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ii. Show that the motion of the particle P is simple harmonic and that 

the periodictime of the particle is 
2𝜋3  second. 

iii. D is a point between A and B, such that AD = 
710 𝑚. Show that the time 

it takes for the particle to reach D for the first time is 
2𝜋9 . 

 

127. A light spiral spring with natural length 𝑙 and modulus of elasticity 𝜆 has 

two particles A, B of masses 𝑚1 and 𝑚2 attached at both ends A and B, 

respectively. When A is kept stationary, the particle B oscillates with a 

periodic time of 𝑇2. When particle B is kept stationary the particle A 

oscillates with a periodic time of 𝑇1, show that 𝑇1 = 𝑇2√𝑚1𝑚2. If both objects 

are free to move find the perodic time of the spring. 

 

128. The ends of a light elastic string of natural length 2𝑙0 and modulus of 

elasticity 𝜆 are attached to two points A and B at a distance of 2𝑙(> 2𝑙0). A 

particle of mass 𝑚 is attached to the midpoint of the string. Show that the 

periodic times of small oscillations of the particle for motions along and 

perpendicular to AB are given by 2𝜋√𝑚𝑙02𝜆  and 2𝜋√ 𝑚𝑙02𝜆(𝑙−𝑙0), respectively.  

 

129. A particle P with a mass of 𝑚 is attatched to two strings with a natural 

length 𝑙 and modulus of elasticity 𝑚𝑔.The other ends of the strings are 

connected to two points A and B on a smooth horizontal table, Where 𝐴𝐵 =  4𝑙. the particle is projected at a velocity 𝑢 towards the direction of  𝐴𝐵⃗⃗⃗⃗  ⃗ from the point on the table O, which is the point of equilibrium on the 

subsequent motion. If it is given that 𝑂𝑃 =  𝑥 at time t, after the object is 

projected, Write down the equations of motion for the particle, 

i. when 0 ≤ 𝑥 ≤ 𝑙 , 
ii. when 1 ≤ 𝑥 ≤ 2𝑙 . 

 

Show that if  𝑢 ≤ √2𝑙𝑔 then the particles return to O for the condition 

satisfied by (i). 

If 𝑢 = √7𝑙𝑔, show that the particle P reaches B, also show that the particle 

reaches its starting point at a time  2√ 𝑙𝑔 [cos−1(23) + 1√2 cos−1 √57].  
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130. There is a particle P of mass 𝑚 on a smooth plane. The particle P is attached 

ends of two strings. The other ends of the strings are connected to fixed-

points A and B such that 𝐴𝐵 =  6𝑙. The natural lengths of the elastic strings 

PA and PB are of 2𝑙, 𝑙. When a force of 𝑚𝑔 is applied on each strings the 

extentions generated on strings PA and PB are 2𝑙 and 𝑙 respectively. Show 

that the length of PA is 4𝑙 when the system is at equilbrium. Now the 

particle P is displaced to the point C which is the mid point of A and B. 

There after the particle is gently released from rest Show that the 

subsequent motion of the particle is simple harmonic. Also find the 

amplitude and the periodic time of the simple harmonic motion. 

 

131. A, B are two points 8𝑙 apart on a smooth table. A particle of mass 𝑚 which 

lies between A and B is attached to the point A by an elastic string with a 

modulus of elasticity  𝜆 and length 2𝑙. 𝑚 is attached to point B by a light 

elastic string with a modulus of elasticity of 4𝜆 and a length of 3𝑙. The 

midpoint of AB is M. The particle at point O is in equilibrium between M 

and B. Show that 𝑀𝑂 = 2𝑙11. show that the motion is simple harmonic when 

the particle is displaced to M and gently released from the point M. Find 

the periodic time of the motion. Furthermore, find the velocity 𝑉 of the 

particle which is travelling towards B when the particle is at a point C 

which is located a distance of  
3𝑙11  away from the point M.  

 

132. A, B are two particles with masses of 𝑚, M. The particles are placed on a 

smooth table and the particles are attached to a elastic string of natural 

length 𝑎 and a modulus of elasticity 𝜆. The particles are in equilibrium such 

that 𝐴𝐵 =  𝑎. Particle B is given an impulse of magnitude 𝑀𝑢 such that the 

string gets extended. Find the length of the string at a time 𝑡. 

 

133. The ends of an inelastic string, which is put over a smooth fixed pulley is 

connected to two particles P and Q of masses 3𝑀, 𝑀. An elastic string of 

modulus of elasticity 𝑀𝑔 and natural length 𝑎, is connected Q and the other 

end of elastic string is attached to the particle R of mass 2𝑀. The system is 

gently released from rest such that 𝑄𝑅 =  𝑎. Show that the motion of R 

relative to Q is simple harmonic. Also show that the maximum length of the 

elastic string is 5𝑎. 
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134. A block of mass m on a horizontal platform is at relative rest, while the 

platform performs vertical simple harmonic oscillations of amplitude a and 

period T. Show that, when the displacement of the platform from its mean 

position is 𝑥, measured in the upward vertical direction, the reaction of the 

platform on the block is 𝑚 (g − 4𝜋2𝑥T2 ). 

If T = 1s, deduce the greatest amplitude, in metres, so that the block is not 

thrown off the platform. 

 

[Assume that 𝜋2Ω 9.8 and that the acceleration due to gravity g, takes the 

same value in ms-2]. 

2000 A/L 

 

135. A particle of mass m hangs in equilibrium, being attached to one end of a 

light elastic string of natural length 𝑙, whose other end is tied to a fixed-

point O. If the particle is at a point C whose displacement below O is 2𝑙 
show that the modulus of elasticity of the string is mg. 

 

The particle is now projected vertically downwards from C, with initial 

speed √g𝑙. At time t, its downward displacement from O is 𝑥 Show that 𝑥̈ +g𝑙 (𝑥 − 2𝑙) = 0 and identify the centre and the period of the simple harmonic 

motion of the particle. 

 

Obtain the maximum and the minimum values of 𝑥. 

2001 A/L 

 

136. A particle P of mass m is tied to the middle point of an elastic string of 

natural length 2𝑙 and modulus mg. The two ends of the string are attached 

to two fixed points A, B which are at a distance 4𝑙 apart on a smooth 

horizontal table. Initially, A, P, B are in a straight line with AP = 3𝑙 and P is 

released from rest, in that possition. When the particle P is at a position 

such that AP = 2𝑙 + 𝑥, write down the equations of motion, and hence 

obtain the equation 𝑥̈ + 𝜔2𝑥 = 0, where 𝜔2 = 2g𝑙 . Find the centre, 

amplitude and the period of the simple harmonic motion of P. 
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Find also the maximum speed of the particle and the least time taken to 

achieve that speed. 

2002 A/L 

 

137. A particle P of mass m is attached to the end A of an elastic string AB of 

natural length 𝑙 and modulus of elasticity 4mg, while the end B is attached 

to a fixed point at a height, greater than 2𝑙, above the ground, The particle 

P is held at B and released from rest. 

 

Using the principle of conservation of energy, 

i. Show that the maximum length of the string is 2𝑙. And, 

ii. Find the velocity of P when the string is just stretched. 

 

Let x (>𝑙) be the length of the string at time t. Write down an equation to 

determine the velocity 𝑥̇ of P. Show that, that equation yields an equation 

of the form. 𝑦̈ + 4g𝑙 𝑦 = 0; 𝑦 ≥ 𝑙4  where 𝑦 = 𝑥 − 5𝑙4 . 

 

Assuming a solution for y in the form 𝑦 =  𝐴 cos𝜔 𝑡 + 𝐵 sin𝜔 𝑡, find the 

constants 𝐴, 𝐵 and 𝜔. 

Hence, 

iii. Determine the maximum value of y and thus, obtain the maximum 

length of the string and, 

iv. Find the greatest speed of P.  

2003 A/L 

 

138. One end of a light elastic string of natural length 𝑙 passing through a small 

smooth ring of mass 𝑚, is attached to a point O, of a ceiling. A particle P of 

mass M attached to the other end of the string hangs in equalibrium, with 

the ring being held at rest at the point O. If 2Mg is the modulus of elasticity 

of the string, show that the extension of the string in the equilibrium 

position is 
𝑙2. 

The ring, now released from rest at O, slides vertically downward along the 

string, under gravity, collides and coalesces with P. Show that the 
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composite body consisting of the ring and the particle, will begin to move 

vertically downward with velocity 
mM+m √3g𝑙. 

Write down the equation of motion for the composite body. when 𝑥 is the 

extension of the string, and show that the composite body performs simple 

harmonic motion with frequency √ 2Mg(M+m)𝑙 .8 

2004 A/L 

 

139. A particle P of mass 𝑚 hangs in equilibrium at one end of a light elastic 

string of natural length 𝑙, whose other end is attached to a fixed point. In 

the vertical equilibrium position, the extension in the string is c. Find the 

modulus of elasticity of the string. 

 

When the particle P is at rest in equilibrium, another particle Q, of equal 

mass, falls from rest at 𝒂 height c vertically above P, impinges on P and 

adheres to it. Show that, at time 𝑡 after the impact, the extension 𝑥 in the 

string satisfies the equation 𝑥̈ + 𝜔2(𝑥 − 2𝑐) = 0; where 𝜔2 = g2𝑐. 

 

Find constants 𝑎 and 𝑏 so that, 𝑥 = 2𝑐 + 𝑎 cos𝜔𝑡 + 𝑏 sin𝜔𝑡. 

Hence, show that the composite particle comes to instantaneous rest at 

time 
3𝜋4 √2𝑐g   after the impact, and find the extension in the string at this 

instant. 

2005 A/L 

 

140. An elastic string, of natural length 𝑙 and modulus mg, is attached to a fixed-

point O on a smooth horizontal table, at a distance 2 𝑙 from one edge. The 

other end of the string is attached to a particle P of mass 𝑚. A light inelastic 

string of length 𝑙 joins the particle P to a second particle 𝑄 of mass 𝑚. 

Initially, with OP = PQ = 𝑙, the particle Q is placed near the edge of the table 

and gently pushed over it, so that the system begins to move from rest. At 

time t, 𝑂𝑃 =  𝑙 + 𝑥, the particle P remains on the table and the particle Q 

is at a depth 𝑥 below the level of the table. Using the principle of 

conservation of mechanical energy, or otherwise, show that 𝑥2 =𝜔2[𝑙2 − (𝑙 − 𝑥)2], where 𝜔2 = g2𝑙 . 
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Find the centre and the amplitude of the resulting simple harmonic motion 

of P. 

Show that P reaches the edge of the table at the instant 𝑡 = 𝜋√ 𝑙2g , and find 

its speed at this instant. 

2006 A/L 

 

141. One end of a light elastic string of natural length 𝑙 is attached to a fixed-

point O. while the other end of the string is attached to a particle of mass 

m. When the particle hangs in equilibrium, the length of the string is 
3𝑙2 . Find 

the modulus of elasticity of the string. 

 

The particle is pulled a distance 𝑎 vertically down from its equilibrium 

position and released from rest there. The displacement at time 𝑡, of the 

particle, measured downwards from the equilibrium position is 𝑥. Show 

that 
𝑑2𝑥𝑑𝑡2 + 𝜔2𝑥 = 0, where 𝜔2 = 2g𝑙 , so long as the string is taut. 

i. In the case when 𝑎 < 12, find the period and the amplitude of the 

ensuing motion. 

ii. In the case when 𝑎 = 𝑙2 + 𝑏, where b > o, show that the time taken for 

the string to first become slack is √ 𝑙2𝑔 (𝜋 − 𝑐𝑜𝑠−1 ( 𝑙𝑙+2𝑏)). 

 

[You may assume that the solution of the equation 
𝑑2𝑥𝑑𝑡2 + 𝜔2𝑥 = 0 is 𝑥 =𝐴 cos𝜔𝑡 + 𝛽 sin𝜔𝑡; where A and B are constants to be determined.] 

2007 A/L 

 

142. Two particles P and Q of masses m and 3m respectively, hang together in 

equilibrium at one end of a light elastic string of natural length 𝑙, extending 

it to a length 𝑙 + 4𝑎, the other end of the string being attached to a fixed-

point O. The particle Q suddenly falls off. If the length of the string after a 

time 𝑡 is 𝑙 + x, obtain the equation 
𝑑2𝑥𝑑𝑡2 + g𝑎 (𝑥 − 𝑎) = 0, for 𝑥 > 0. 

Given that 𝑥 = a + 𝑏 sin𝜔𝑡 +  𝑐 cos𝜔𝑡 ,where 𝜔2 = g𝑎,  is the solution of the 

above equation, find the values of the constants 𝑏 and 𝑐. 
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Find the maximum height reached by the particle P above the initial 

position and show that the time taken to reach this height is √𝑎𝑔 {𝜋 − 𝛼 +2√2}, where 𝛼  is the acute angle cos-1 (13). 
2008 A/L 

 

143. A point P moves on the circle x2 + y2 = a2 with uniform speed 𝑎𝜔. If Q is 

the foot of the perpendicular from P on the y-axis, show that Q executes 

simple harmonic motion with period 
2𝜋𝜔 . 

A light spiral spring of natural length 𝑙 is fixed at the lower end with its axis 

vertical. A particle of mass m placed at the upper end can compress the 

spring a distance d (< 𝑙) when it is at rest. If the same particle is dropped 

on the upper end of the spring from a height h, show that the particle will 

execute a simple harmonic motion with amplitude 𝑎 = √𝑑2 + 2𝑑ℎ, 
provided 𝑙 ≥ a + d. 

 

In this motion, if the particle remains on the spring for at least an interval 

of time 
3𝜋2 √𝑑g , find the maximum value of (ℎ𝑑). 

2009 A/L 

 

144. A particle P of mass m is attached to one end of an elastic string of natural 

length 𝑙 with the other end of the string being attached to a fixed-point O 

of a ceiling. If 𝜆 is the modulus of elasticity of the string, show that, when 

the particle P hangs in equilibrium, the extension 𝑎  of the string is given 

by 𝑎 = 𝑚g𝑙𝜆 . 

 

The string is now stretched by a further length b (> 𝑎) such that OP is 

vertical and equal to 𝑙 + 𝑎 + 𝑏, and the particle P is released from rest. 

When the length of the string is 𝑙 + 𝑎 + 𝑥, where −𝑎 ≤ 𝑥 ≤ 𝑏, write down 

the equation of motion of the particle P and show that 𝑥̈ + g𝑎 𝑥 = 0, in the 

usual notation. 
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Assuming that the solution of the above equation is of the form 𝑥 =A cos√g𝑎 𝑡 + 𝐵 𝑠𝑖𝑛√g𝑎 𝑡, find the constants A and B. 

 

Show that, the particle P performs simple harmonic motion for a 

time √𝑎ġ (𝜋2 +  𝛼), where 𝛼 = sin-1(𝑎𝑏) and the velocity of the particle P at 

the time when it leaves simple harmonic motion is √g𝑎 (𝑏2 − 𝑎2) upwards. 

Show also that, the particle P thereafter moves under gravity and will 

strike the ceiling with non-zero velocity if 𝑏 > 𝑎√1 + 2𝜆𝑚g . 
2010 A/L 

 

145. (a) A thin light elastic spring of natural length 𝑙 and modulus of elasticity λ 
rests on a smooth horizontal table. One of its ends is fasten to a fixed point 

on the table. A particle of mass m is attached to the other end. The spring 

is stretched along the table and released. Show that the particle performs 

a simple harmonic motion with periodic time 2𝜋√𝑚𝑙𝜆 . 

(b) A particle P of mass m is attached to one end of a light elastic string of 

natural length 𝑙. The other end of the string is attached to a fixed-point O 

at a height 4𝑙  from a horizontal floor. When the particle P hangs in 

equilibrium, the extension of the string is 𝑙. 
Show that the modulus of elasticity of the string is mg. 

 

The particle P is now held at O and projected vertically downwards with a 

velocity √g𝑙. Find the velocity of the particle P when it has fallen a distance 𝑙. 
Write down the equation of motion for the particle P, when the length of 

the string is 2𝑙 + 𝑥, where −𝑙 ≤ 𝑥 ≤ 2𝑙, and show that 𝑥̈ + g𝑙 𝑥 = 0, in the 

usual notation. 

Assuming that the above equation gives 𝑥̇2 = g𝑙 (𝑐2 − 𝑥2), where c (>0) is 

a constant, find c. 
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Show that the particle P comes to instantaneous rest when it reaches the 

floor and that the time taken from O to reach the floor is  
13 (3√3 − 3 +2𝜋)√𝑙g. 

2011 A/L 

 

146. A and B are two points on a smooth horizontal table at a distance 8𝑙 apart. 

A smooth particle P of mass m lies at a point on AB in between the points 

A and B. The particle P is attached to the point A by a light elastic string of 

natural length 3𝑙 and modulus of elasticity 4λ and to the point B by a light 
elastic string of natural length 2𝑙 and modulus of elasticity λ. 
 

If the particle P is in equilibrium at a point C, show that 𝐴𝐶 = 4211 𝑙. 
The particle P is held at the mid-point M of AB and then is released from 

rest. When the particle P is at a distance 𝑥 from the point A along AB, obtain 

the tensions of the two strings. 

 

Write down the equation of motion of the particle P for 
4011 𝑙 ≤ 𝑥 ≤ 4𝑙 and 

show, in the usual notation, that 𝑥̈ + 11𝜆6𝑚𝑙 (𝑥 − 4211 𝑙) = 0. 

By writing 𝑦 = 𝑥 − 4211 𝑙, Show that 𝑦̈ + 11𝜆6𝑚𝑙 𝑦 = 0 Assuming that the solution 

of the above equation is of the form y = A cos 𝜔𝑡 + B sin 𝜔𝑡, find the 

constants A, B and 𝜔. 

Find the velocity of the particle P when it is at a point, distant 
4111 𝑙 from the 

point A. 

2012 A/L 

 

147. A particle of mass 𝑚 is attached to one end of a light elastic string of natural 

length 𝑙 and the other end of the string is attached to a fixed-point O. When 

the particle hangs in equilibrium the extension of the string is 
𝑙3. Find the 

modulus of elasticity of the string. 

 

The particle is held at the point distant 
𝑙2 vertically below O and is released 

from rest. Find the velocity of the particle when it first reaches the point A 
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distant 𝑙 vertically below O. Let B be the lowest point reached by the 

particle. Show that, for the motion of the particle from A to B, the extension 𝑥 of the string satisfies the equation 𝑥̈ + 3g𝑙 (𝑥 − 𝑙3) = 0. 
Assuming that the solution of the above equation is of the form 𝑥 = 𝑙3 +𝛼 cos𝜔𝑡 + 𝛽 sin𝜔𝑡, find the values of the constants 𝛼, 𝛽 and 𝜔. 

 

Hence, find the centre and amplitude of the simple harmonic motion 

performed by the particle from A to B. 

Show that the particle reaches the point B after a time √𝑙g  {1 + 2𝜋3√3} from 

the instant of release. 

Find the tension of the string when the particle is at B. 

2013 A/L 

 

148. A thin light elastic spring of natural length 4𝑎 and modulus of elasticity 

8𝑚g stands vertically with its lower end O fixed. A particle P of mass m is 

attached to its upper end. The particle P is in equilibrium at a point A 

vertically above O. Show that OA = 
7𝑎2  . 

 

Now, another particle Q of the same mass 𝑚 is gently attached to P, and the 

composite particle begins to move from rest at A. Show that the equation 

of motion of the composite particle is 𝑥̈ = − g𝑎 𝑥, where 𝑥 is the 

displacement of the composite particle from the point B vertically above O 

such that OB = 3a. 

 

Let C be the lowest point reached by the composite particle. Find the length 

OC and the time taken by the composite particle to move from A to C. 

 

At the instant when the composite particle is at C, the particle Q is gently 

removed. Show that, for the subsequent motion of the particle P, the 

equation of motion is, 𝑦̈ = − 2g𝑎 𝑦 where 𝑦 is the displacement of the 

particle 𝑃 from the point 𝐴. Assuming a solution for this equation in the 

form 𝑦 = 𝛼 cos𝜔𝑡 + 𝛽 sin𝜔𝑡, find the values of the constants 𝛼, 𝛽 and 𝜔. 
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Hence, show that the time taken by the particle 𝑝 to move from 𝐶 to 𝐷 is 𝜋3 √2𝑎g , where D is the point vertically above O such that OD = 4a. 

Find also, the speed of the particle 𝑃 when it reaches 𝐷. 

2014 A/L 

 

149. One end of a light elastic string of natural length a and modulus of elasticity 

2𝑚g is tied to a fixed point 𝐴. The string passes over a small smooth peg B 

which is fixed above the level of A, and a particle P of mass m is attached to 

the other end of the string. The distance AB is a, and the angle made by BA 

with the downward vertical is 
𝜋3. Initially, the particle P is placed just below 

the peg B and projected vertically downwards with speed 𝑢 = √5g𝑎8 . 

 

Let 𝑥 be the extension of the string at time 𝑡. Show that the equation for the 

simple harmonic motion of the particle P can be expressed in the form Ẍ +𝜔2 X = 0, where X = 𝑥 − 𝑎2 and 𝜔2 = 2g𝑎 . 
 

Assuming a solution for this equation of motion in the form Ẋ2 =𝜔2(A2 − 𝑥2), show that the simple harmonic motion is of amplitude A = 3a4 , 

and find the lowest point E reached by the particle. 

 

Show that the speed of the particle as it passes the centre C of the simple 

harmonic motion is 
3𝑢√5 . 

By considering the corresponding circular motion, or otherwise, show that 

the time taken by the particle P to pass C in its downward motion is √ a2g {𝜋2 − 𝑐𝑜𝑠−1 (23)}. 
 

Further, find the time taken by the particle P to reach its lowest position E, 

and the maximum magnitude of the force exerted by the string on the peg. 

2015 A/L 
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150. One end of a light elastic string of natural length 𝑎 and modulus of elasticity 

4mg is tied to a fixed-point O and the other end to a particle P of mass m. 

The particle P is released from rest at O. Find the velocity of the particle P 

when it passes through the point A. where OA = 𝑎. 

Show that the length of the string 𝑥(≥ 𝑎) satisfies the equation 𝑥̈ +4g𝑎 (𝑥 − 5𝑎4 ) = 0. 
Taking 𝑋 = 𝑥 − 5𝑎4 , express the above equation in the form 𝑋̈ + 𝜔2𝑋 = 0, 

where 𝜔(> 0) is a constant to be determined. 

 

Assuming that 𝑋̇2 = 𝜔2(𝑐2 − 𝑋2), find the amplitude c of this simple 

harmonic motion. 

 

Let L be the lowest point reached by the particle P. Show that the time 

taken by P to move from A to L is 
12 √𝑎g {𝜋 − 𝑐𝑜𝑠−1 (13)} 

At the instant when the particle P is at L, another particle of mass λ𝑚 (1 ≤ 𝜆 < 3) is gently attached to P. Show that the equation of motion 

of the composite particle of mass (1 + λ)𝑚 is 𝑥̈ + 4g(1+𝜆)𝑎 {𝑥 − (5 + 𝜆) 𝑎4} =0. 
Show further that the composite particle performs complete simple 

harmonic motion with amplitude (3 − 𝜆) 𝑎4. 
2016 A/L 

 

151. One end of a light elastic string of natural length 𝑎 and modulus of elasticity 𝑚g is attached to a fixed-point O at a height 3𝑎 above a smooth horizontal 

floor and the other end is attached to a particle of mass 𝑚. The particle is 

placed near O and projected vertically downwards with speed √g𝑎. Show 

that the length of the string 𝑥 satisfies the equation 𝑥̈ + g𝑎 (𝑥 − 2𝑎) = 0 for 𝑎 ≤ 𝑥 < 3𝑎, and find the centre of this simple harmonic motion. 

 

Using the principle of conservation of energy for the downward motion of 

the particle until the first impact with the floor, show that 𝑥̇2 =g𝑎 (4𝑎𝑥 − 𝑥2) for 𝑎 ≤ 𝑥 < 3𝑎. 
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Taking 𝑋 = 𝑥 − 2𝑎, express the last equation in the form 𝑋̇2 = g𝑎 (𝐴2 − 𝑋2) 

for −𝑎 ≤ 𝑋 < 𝑎, where A is the amplitude to be determined. 

What is the velocity of the particle just before the first impact with the 

floor? 

The coefficient of restitution between the particle and the floor is 
1√3 . For 

the upward motion of the particle after the first impact, until the string 

becomes slack, it is given that 𝑋2̇ = g𝑎 (𝐵2 − 𝑋2) for −𝑎 ≤ 𝑋 < 𝑎, where 𝐵 

is the amplitude of this new simple harmonic motion to be determined. 

Show that the total time during which the particle performs downwards, 

and upwards simple harmonic motions described above is 
5𝜋6 √𝑎g. 

2017 A/L 

 

152. A particle P of mass 𝑚 is attached to two equal light elastic 

strings, each of natural length 𝑎 and modulus 𝑚g. The free 

end of the other string is attached to a fixed-point B, which is 

at a distance 4𝑎 vertically below A. (See the figure.) Show 

that, with both strings taut, the particle will be in equilibrium 

at a distance 
5𝑎2  below A. 

The particle 𝑝 is now raised to the mid-point of 𝐴𝐵 and is 

gently released from rest in that position. When both strings 

are taut and the length of the string 𝐴𝑃 is x, show that 𝑥̈ +2g𝑎 (𝑥 − 5𝑎2 ) = 0. 

 

Re-write this equation in the form Ẍ + 𝜔2𝑋 = 0, where 𝑋 =𝑥 − 5𝑎2  and 𝜔2 = 2g𝑎 . Using the formula X2̇ = 𝜔2(𝑐2 − 𝑋2), find 

the amplitude c of this motion. At the instant when the 

particle 𝑝 reaches its lowest position, the string 𝑃𝐵 is cut. 

Show that the particle reaches its highest position in the new 

motion when 𝑥 =  𝑎.  Show further that the total time taken by the particle P to move from its initial position at 𝑥 =  2𝑎, a distance a downwards, and 

then a distance 
𝑎2 upwards is 

𝜋3 √ 𝑎2g (3 + √2). 
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153. The points O, A and B lie in that 

order, with O lowermost, on a line 

of greatest slope of a smooth fixed 

plane inclined at an angle  
π6 to the 

horizontal such that OA = a and 

AB = 2a. One end of a light elastic 

string of natural length a and 

modulus of elasticity mg is 

attached to the point O and the 

other end to a particle P of mass 

m. The string is pulled along the line OAB until the particle P reaches the 

point B. Then the particle P is released from rest. 

Show that the equation of motion of P from B to A is given by 𝑥̈ +g𝑎 (𝑥 + 𝑎2) = 0 for  0 ≤ 𝑥 ≤ 2𝑎, where AP = x. Let 𝑦 = 𝑥 + 𝑎2  and rewrite the 

above equation of motion in the form 𝑦̈ + 𝜔2𝑦 = 0 for 
𝑎2 ≤ 𝑦 ≤ 5𝑎2  , where 𝜔 = √g𝑎 . Find the center of the above simple harmonic motion and using 

the formula 𝑦̇2 = 𝜔2(𝑐2 − 𝑦2) ,find the amplitude c and the velocity of P 

when it reaches A. Show that the velocity of P when it reaches O is √7g𝑎 . 

Show also that the time taken by P to move from B to O is √𝑎g {𝑐𝑜𝑠−1 (15) + 2𝑘}, where  𝑘 = √7 − √6 .  

When the particle P reaches O, it strikes a smooth barrier fixed at O 

perpendicular to the plane. The coefficient of restitution between P and the 

barrier is e. Show that if 0 < 𝑒 ≤ 1√7 , then the subsequent motion of P will 

not be simple harmonic.  
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154. The points A, B, C, D and E 

lie on a straight line in that 

order, on a smooth 

horizontal table such that 𝐴𝐵 = 2𝑎, BC = 𝑎, CD = 2𝑎 and DE = 𝑎, as 

shown in the figure. One end of a light elastic string of natural length 2𝑎 

and modulus of elasticity 𝑘𝑚g is attached to the point A and the other end 

to the particle P of mass 𝑚. One end of another light elastic string of 

natural length 𝑎 and modulus of elasticity 𝑚g is attached to the point E 

and the other end to the particle P. When the particle P is held at C and 

released, it stays in equilibrium. Find the value of k. 

Now, the string AP is pulled until the particle P reaches the point D and 

released from rest. Show that the equation of motion of P from D to B is 

given by 𝑥̈ + 3g𝑎 𝑥 = 0, where 𝐶𝑃 = 𝑥. 

Using the formula 𝑥̇2 = 3g𝑎 (𝑐2 − 𝑥2), where c is the amplitude, show that 

the velocity of particle P when it reaches B is 3√g𝑎. 

An impulse is given to the particle P when it reaches B so that the velocity 

of P just after the impulse is √𝑎g in the direction of 𝐵𝐴⃗⃗⃗⃗  ⃗. 

Show that the equation of motion of P after passing B until it comes to 

instantaneous rest is given by 𝑦̈ + g𝑎 𝑦 = 0, where 𝐷𝑃 = 𝑦. 

Show that the total time taken by the particle P, started at D, to reach B for 

the second time is 2√𝑎g ( 𝜋3√3 + 𝑐𝑜𝑠−1 ( 3√10)). 
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