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Part A 

 

1. Show that tan 6𝜃 =
3𝑝−𝑝3

1−3𝑝2 , where 𝑝 = tan 2𝜃. Hence, find the value of  tan
3𝜋

4
. 
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2. Solve the equation cos 𝜃[2 sin 𝜃 − 𝑡𝑎𝑛2 𝜃 cosec 𝜃] = sec2𝜃 cos 2𝜃 ; for 𝜃 ∈ (0, 𝜋). 
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3. Prove that  
1−cos[sin−1(tan 𝑥)]

tan2𝑥
=  

1

1+√1−tan2𝑥
 .  Hence, find the value of tan 𝑥 such that 

1−cos[sin−1(tan 𝑥)]

tan2𝑥
= 1 using a suitable substitution, where tan 𝑥 > 0. 
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4. Show that  
cot 𝜃−1 +cosec 𝜃

cot 𝜃+1−cosec 𝜃
=  

1

cosec 𝜃−cot 𝜃
 . 
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5. It is given that cos−1 (
𝑦2−1

𝑦2+1
) + sin−1 (

−2𝑦

𝑦2+1
) − tan−1 (

2𝑦

1−𝑦2
) =

𝜋

13
 . Then find the value of y 

using a suitable substitution. 
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………………………………………………………………………………………………… 

 

6. In usual notations, show that cos 𝐶 = 𝛼 − 𝛽 cos 𝐵 in ∆ABC, where α and β are constants in 

sides a, b and c. If 𝛼 + 𝛽 = 2, then show that the sides a, b and c are in an arithmetic 

progression. If 𝑏 = 5, 𝛽 −  𝛼 =
4

5
  and cos 𝐵 =

11

14
 , then deduce the value of cos 𝐶 and show 

that ABC is an obtuse angled triangle. 
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7. For 𝑛 ∈ ℤ+, show that tan 4𝛼 + tan 2𝛼 = 0 , where  
(𝑛+2)𝜋

3
= 𝛼.  Further, show that 𝛼 =

𝜋

6
  

is the solution of  tan 4𝛼 + tan 2𝛼 = 0 , where 0 < 𝛼 <
𝜋

4
 . 
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8. (a)  Write an expression for sin ( 𝐴 + 𝐵)  in terms of sin 𝐴 , sin 𝐵, cos 𝐴 and cos 𝐵. 

  Hence, deduce a similar expression for sin ( 𝐴 − 𝐵).  

  By substituting suitable values for A and B, show that   sin
𝜋

12
=

√2−√3

2
 .  

  Using the above expression show that sin(
𝜋

2
− 𝐴) = cos 𝐴 and 

  sin( 𝐴 + 𝐵) sin( 𝐴 − 𝐵) = 𝑠𝑖𝑛2𝐴 − 𝑠𝑖𝑛2𝐵.  

        Hence, deduce that cos 10° ∙ cos 30° ∙ cos 50° ∙ cos 70° =
3

16
 . 

(b) In usual notations, state sine rule and cosine rule for ∆ABC.  

As shown in the diagram,  �̂� is bisected by line AD. 

By applying the sine rule for suitable triangles, 

show that    BD =  
𝑐𝑎

𝑏+𝑐
.  

Hence, show that  AD = 
2𝑏𝑐 cos(

𝐴

2
)

𝑏+𝑐
 .  

Further, if it is given that  
2 cos 𝐴

𝑎
+

cos 𝐵

𝑏
+

2 cos 𝐶

𝑐
=

𝑎

𝑏𝑐
+

𝑏

𝑐𝑎
 , 

show that the ∆ABC  is a right-angled triangle using the cosine rule.   

(c)  Show that sin−1 𝑥 + cos−1 𝑥 =
𝜋

2
 . Hence, if cos(2 cos−1 𝑥 + sin−1 𝑥) =

−2√6

5
 , then 

find the value of  𝑥. Here, 𝑥 > 0 . 
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1. A thin smooth circular tube with center O and radius a is fixed in a vertical 

plane as shown in the diagram. A particle of mass m is placed in the highest 

part of the tube and is given a horizontal tangential velocity of√
ga

2
. Find the 

velocity of the particle when a reaction force of mg acts on it. 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 
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………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

2. One end of a light inelastic string is attached to a vertical point and the other end is attached 

to a particle of mass m that performs horizontal circular motion of radius r with an angular 

velocity ω. The string subtends an angle of  𝜃 (  
𝜋

4
 ˂ 𝜃˂  

𝜋

2
  ) with the vertical.  

Show that ω ˃√
g

𝑟
. 
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3. One end of the light inelastic string passes over a smooth 

fixed pulley and carries a particle P of mass 2m. The string 

passes through a pulley Q of mass M and passes over a 

smooth pulley fixed to the top of the inclined plane as 

shown in the diagram. The other end of the string is 

attached to the particle R of mass m which is placed on the 

inclined plane. The inclined plane is smooth and makes an 

angle of 30o with horizontal. If the downward acceleration 

of P when the system is released from rest with string taut 

is given to be  
3g

10
 , find M in terms of m. 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

 

4. One end of a light inelastic string that passes over a smooth fixed pulley 

carries a particle of mass 3m. The string passes through a smooth movable 

pulley of mass 2m and the other end of the string is attached to the ceiling 

as shown in the figure. The system moves freely under gravity. Find the 

acceleration of the particle of mass 3m. 

…………………………………………………………………………………....…………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 
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………………………………………………………………………………………………… 
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5. Two light inelastic strings of equal length l, one attached to point A and the other 

attached to point B, are both attached to a particle of mass m as shown in the 

diagram. A and B are distinct points and A is vertically above B. The string attached 

to A makes an angle of θ with the downward vertical when the particle is made to 

perform a circular motion at a constant angular velocity ω. Find the tensions acting 

on the strings while the circular motion is performed. 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

6. The system that is shown in the diagram is released to 

move freely after being held at rest with the strings taut. 

The system is constructed with a light inelastic string, three 

particles A, B and C of masses 5m, 2m and m respectively, 

and a wedge D of mass 2m. E, F, G and H are smooth 

pulleys. E, F and H are fixed while G is movable and has 

a mass of m. Obtain sufficient equations to determine the 

acceleration of particle C until wedge D reaches pulley H. 

(Let gravitational acceleration be g.) 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

.................................................................................................................................................... 
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7. The diagram depicts a circular loop in the vertical plane. 

The velocity of the trolley at the base of the loop (point 

A) is V = √𝑘g𝑎, where g is the acceleration due to gravity, 

a is the radius of the loop and k is a constant. The trolley 

performs a vertical circular motion by passing A, and B 

and reaching A once again. Calculate the minimum value 

of k such that the trolley successfully reaches B  without 

losing contact with the loop. Also, find the velocity of the 

trolley at point C. 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 
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8.   (a)  The figure shows the vertical      

cross section of a smooth wedge 

ABCF of mass M which is placed 

such that face AF is in contact 

with a smooth horizontal table. 

Here B�̂�C = 
𝜋

3
  and A�̂�C = 

𝜋

2
. 

The side BC makes an angle 
𝜋

6
  with horizontal. There are 3 

particles P, Q and R of masses 

2m, m and 3m respectively.  

  Particles P and Q are attached to 

the ends of a light inelastic string 

passing over a smooth light 

pulley fixed to the edge at B, and 

particles Q and R are attached to the ends of another string passing over a light pulley 

fixed to the wedge at C. P lies on the midpoint of AB, Q lies on BC and R hangs along 

CF. Moreover, another light inelastic string with one end attached to the wedge passes 

over a smooth fixed pulley D. This same string passes under pulley S with its end attached 

to the ceiling at E. It is given that AB = 2a. Obtain equations sufficient to determine the 

time taken for particle  P to reach B.  

 

(b) A thin smooth tube AB with center O and radius 2a is   

fixed in a vertical plane at a distance  from a vertical 

wall as shown in the figure. A particle P of mass m 

placed on top of the wall is thrown horizontally with 

velocity √ag. 

  Show that the particle P enters the tube  AB through A. 

Also, find the velocity of the particle at A. If the velocity 

of particle P is U when it makes an angle 𝛼 with OA, 

show that 𝑈2 = ag[5 + 2√3 − 2(√3 cos 𝛼 − sin 𝛼)]. 

 Here, (0 ≤ 𝛼 ≤
5𝜋

6
 ). 

 Also, find the reaction R acting on the particle at that 

instant.  

 Using the above results find the velocity (V1) at which    

particle P collides with particle Q of mass 2m which is 

at rest at the lowest end of the tube. 

 (Take e as the coefficient of restitution between the particles and between any particle 

and wall.) 

 Find the velocities of P and Q after the collision in terms of e and V1. It is given that  

 e = ½. find the maximum height reached by particle P. 

Part B 

𝜋

3
 

M 
P(2m) 

Q(m) 

R(3m) 

S(2m) 

C 

A 

B 

D 

F 
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   2a 

a 

2a 

√ag 

A 

B 

 

O 

 
Q

  

P 

5𝜋

6
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எ�ணிம உலக�த��  மாணவ�களி�ெகன
ச�ற�தெதா� க�ற�  க�டைம�ைப உ�வா��த� .

எ�க� �ற��ேகா� 

அைன���  �ஜி�ட�  மய�ப��த�ப�ட இ�த கால�த��  ப�ேவ� �ைறக��  கால
ஓ�ட��ட�  இைண�� �ஜி�ட�  தள�த��  ப�க��ெப�க� வ�க��றன. அ�த
வைகய��  க�வ���ைற��  இத�� வ�த�வ�ல�க�ல. இைணயவழி க�வ�ய�� 
�ல�  கலவ���ைற �த�யெதா� பரிமாண�ைத எ����ள�. �ற��பாக
ெகாேரானா ேபரிட�  கால�த��  நாேட �ட�க�ப����த�. இதனா� 
மாணவ�களி���  பாடசாைல, க�வ� ந��வன�களி�� இைடய�லான ெதாட��
����க�ப�ட�. அ�த இ�க�டான ��ந�ைலய��  இைணயவழி வ���க� 
மாணவ�களி�� வர�ப�ரசாதமாக அைம�த� எ�பேத உ�ைம.

இ�� ெதாழி���ப�  மாணவ�கைள தவறான பாைத�� இ�� ெச�வதாக ஓ� 
எ�ண ஓ�ட�  ம�க�  ம�த�ய��  உ�ள�. ெதாழி���ப�  எ�ப� ஒ� க�வ�
ம��ேம அைத எ�வா� பய�ப���க�ேறா�  எ�பத��  அத�  ஆ�க ம���  அழி�
வ�ைள�க�  ��மானி�க�ப�க�ற�. உளிைய ெகா�� ச�ைலைய ெச��க
ந�ைன�தா�  அவ�  ந��சய�  ச��ப� ஆகலா� . இ�� ப�ர�ச�ைனயாக
காண�ப�வ� மாணவ�கைள வழி�ப��த ெதாழி���ப உலக��  ஓ�  �ைறயான
க�டைம�� இ�லாைமேய. அைத உ�வா��வேத எ�க�  ேநா�க� . அைத
ேநா�க�ேய எ�க�  பயண�  அைம�� .
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எம� இைணய���டக ஊடாக உ�க��� ேதைவயான
ப��ைச �னா�தா�கைள இல�வான �ைற�� தர�ற�க�

ெச�� ெகா�ள����.

க�� சா� ெச��கைள உட���ட� அ��� ெகா�ள எம� ச�க ஊடக
தள�க�� ஊடாக உட���ட� அ��� ெகா�ள ����.
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