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Combined Mathematics (Part A) 

01. Using the principle of mathematical induction, prove that 
nn 413   is divisible by 9  for all Zn ' 
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02.  Find the set of solution of  x   satisfying the inequality 133  xx .    
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04. Find number of possible ways of selecting 12 members including at least 5 women out of 7 women and 

8 men. Out of these committees.   

 i.  How many teams consists majority as women? 

 ii. How many teams consists majority as men? 
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05.  Write down 𝑟𝑡ℎ  term  Ur of the series ............321 333  .  
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1)( rrrf   , show that   Urrfrf 4)()1(  . Hence evaluate 
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06. Find the volume generated by resolving the area enclosed by the curves 0,3  yxy and 42  xy   

 in the xy  coordinate plane, through the 𝑥 axis.   
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07. A curve 𝐶 is defined parametrically as tx    and  
t

ty
1

 .  Prove that  
t

t
dx

dy 1
2  ' 

Find the gradient of the tangent drawn to the curve at 4t . Hence find the equation of the tangent 

drawn to the curve at  4t '   
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08. Straight line passes through  1,1  meets the 𝑋 axis at 𝐴 and  𝑌 axis at 𝐵. Prove that the locus of the 

midpoint of AB  is,  02  xyyx   
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09.  Find the equations of the circles which touches both  𝑥 and  𝑦 axes and the line 634  yx  '  
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10. Prove that  
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tan2
2sin


 .  Hence or otherwise solve the equation  0tan2sin    for  

 20  '  
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Combined Mathematics 13 - I (Part B) 

 

11.  a.  Find the value of    such that both roots of the equation   ;1212  xxx  to be real and 

positive. R  

  If      and   are the roots of the above equation when   
9

1
1  , find the equation whose roots 

are  
2  and 

2 . 

  Also find the equation whose roots are  2

1


   and  2

1


.  

 
   

 b.  If     and   are the solutions of the equation     03222  mxxxm   and if  1m  and   2m  are 

the values of 𝑚  related to the relation 
3

4









,  show that the value of 

1

2

2

2

2

1

m

m

m

m
 is 

3

68
   

 

 c.  Let   Rxxrxxxf  ;7122 23
 ,   If   2x  is a factor of   xf  show that  1 ' 

R . Find the value of  r  and factorized  xf .  
 
 

12.  a. Prove that  
 

r

r
rrr

n
n






1

1
..........1 2  .  Hence prove that sum of   n  terms of the series  

        ..........111 322  xxxxxx   is given by  
 






















 x

xx
n

x

n

1

1

1

1 2

 . 

 

 b.  𝑟𝑡ℎ  term of a series is given by  
 !1

12






r

rr
Ur  '     

  Find the values of  ,,  such that  
   !1!!1 





rrr

U r


,   by substituting  𝑟 =  1,2,3. 

  Verify results for 𝑟 =  4. 

  Hence find, 


n

r

Ur
1

' 

   
  Is this series convergent? Justify your answer. 
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13.  a.  Find the number of permutations that can be prepared using all the letters of the word 

ANURADHAPURA. 
  Out of all these permutations, how many words contains all the four letters of A near by. How  many 

of them are at the beginnings?  
 
 b.  In a programme of school annual variety entertainment, there were scheduled to perform 3 

dramas, 6 songs, and 4 dancing items. However the chief guest had taken more time than the 

scheduled. So the organizers were decided to perform 2 dramas, 4 songs and 3 dancing items. 

Find the possible ways of arranging the  scheduled,  

  i. If it is possible to arrange any items in any way.  
  ii. If it is possible to arrange any items in the same type in any way.  

  iii. If they can arrange same type of programs according to a scheduled and any order.   
 

 c¡  Sketch the graph of the functions  52  xy  and 15  xy  on a same coordinate plane. 

Hence find the set of solution of 𝑥 satisfying the inequality 515 2  xx .  

 

14' a.   xf  is given as   
  12

1
2 


xx

xf    for  2x  

  Show that   
  

    















222

/

12

113

xx

xx
xf  

  Hence find the turning points. Find the intercept on 𝑌 axis.  Sketch the graph of the function  

   
  12

1
2 


xx

xf     indicating turning points and asymptotes.  

   
b.  Using given amount of steal it is expected to prepare a solid 

semicircular cylinder as shown in the diagram. Taking radius of 

the semicircular part as 𝑟 and height as ℎ, write down expression 

volume (𝑣) of the solid. Also write down expression for area 

(𝑠) of the solid using given dimensions.  Represent surface area 

(𝑠) in terms of   r and  𝑣  and show  that the ratio between 𝑟 and 

ℎ  such that surface area is minimum is given by  2:  '  
 

 

15.  a.    Represent 
  94

1

 tt
  as partial fraction and evaluate  

   
dt

tt 94

1
  

  Using substitution  tx 2  evaluate  
   

dx
xx

x

94 22
  

b.  Show that     dxxafdxxf

aa

 
00

  Where 𝑎 is a constant.  

  Let,  









dx
a

x
I

x1

cos2

  and  









dx
a

xa
J

x

x

1

cos2

.  Show that   JI    

Using above result and considering another linear relationship between 𝐼  and  𝐽 find  𝐼 and  𝐽.  

Using above type method evaluate  








dx
a

xa
x

x

1

sin 2

.  Deduce the value of  








dx
a

a
x

x

1
' 
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 c.  Using integration by parts evaluate  dxxx cos2

   

  Hence find the area enclosed by the curves xxy cos2  , 0x " 
2


x   and  0y  .  

 
 

16.  a. Show that ant point on a line which is perpendicular to the line  0 cbyaxl  and passing 

through point  khP ,  can be  written in the form of  btkath  , ' 
  Equations of perpendicular bisectors of the sides 𝐴𝐵 and 𝐴𝐶 of triangle ABC  are 05  yx  

and 02  yx  respectively. Coordinate at 𝐴 is    2,1   Find the equation of side 𝐵𝐶. 
    
  If 𝑂 is the circumcenter of  triangle 𝐴𝐵𝐶, find coordinates at 𝑂. 

  Find the equation of the circle passing through mid-points of sides 𝐴𝐵, 𝐴𝐶, and points 𝐴 and 𝑂.  
  

 

 b.  Find the equations of the external tangents drawn to the two circles 0211022  yyx  and 

0391022  yyx ' Find the coordinates of the two intersecting points of these tangents and 

the second circle.   

 
  

17.  a. State and prove the sine rule for any triangle in the standard notation. Also state the cosine rule.  

  Let  𝐷 is the midpoint of side 𝐵𝐶 of the triangle 𝐴𝐵𝐶 and  ACAD '  

  Applying sine rule for the triangles 𝐴𝐵𝐷 and 𝐴𝐷𝐶 respectively, show that, 
A

Ba
AD

cos2

sin
  and 

C
a

AD sin
2

   

  Hence prove that 2223 cab    

  Also show that  
 

ac

ac
CA

3

2
coscos

22 
   

b.  Prove that,  





2

3

tan31

tantan3
3tan




   

 Hence, solve the equation  3
3

2
tan

3
tantan 
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 (Part A) 
 

 
01) A body 𝐴  of mass 𝑚 is attached to one end of a light 

inextensible string of length 𝑙  and the other end of the 

string is attached to a fixed point 𝑂 on the ceiling and 

the system is kept in equilibrium such that 𝐴 is 

vertically below 𝑂. A body 𝐵 of mass 𝑚 with 

horizontal velocity 𝑢  collides directly with 𝐴, If the 

coefficient of restitution between 𝐴 and 𝐵 is 𝑒 (0 < 𝑒 < 1),  show that the velocity of 𝐴 after 

the collision is  
𝑢

2
(1 + 𝑒) .  After the collision, if the mass 𝐴 moves a maximum distance 

𝑙

2
   vertically below the ceiling, show that the velocity of 𝐴 after the collision is √𝑔𝑙 .  

If 𝑢 =  
4

3
 √𝑔𝑙    show that 𝑒 =  

1

2
.  

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

02) A particle is projected with a velocity 𝑢 and angle of elevation  600  from a point 𝑂, at a 

vertical height 𝐻 from the ground. The particle hits the ground at a  point 𝐴 which is at a 

horizontal distance 𝑎 from 𝑂. Show that 𝑢2 = 
2 𝑔 𝑎2

√3  𝑎+ 𝐻
  and the maximum height reached by the 

particle from the horizontal level 𝑂 is   
3 𝑎2

4 (√3 𝑎+𝐻)
.    

 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
 

𝑂 



3 
 

03) A light inextensible string passing around a small smooth pulley, fixed to a 

horizontal ceiling at 𝑂 is shown in the figure. 𝐴 mass 𝑀 is attached to one end of 

the string and a child of mass 𝑚 is hung in the other end of the string and he 

moves along the string. If the child moves up with an uniform acceleration 𝑓 

relative to the string Write down equations necessary to calculate acceleration of 

the string. Hence find the acceleration of the string.   
 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
 

04) A motor car of mass  𝑀 𝑘𝑔  travels along a level road with constant speed  𝑉 𝑚𝑠−1 with power 

of the engine   𝐻 𝑘𝑤 . After that the motor car travels with the same power with constant 

velocity  
𝑣

3
 𝑚𝑠−1   along a road with inclination 𝛼  to the horizontal. Then the resistance of the 

motor car is twice as the resistance of the level road. Show that  1000𝐻 = 𝑀𝑔𝑣𝑠𝑖𝑛 𝛼.  Where 

𝑔 is the acceleration due to gravity.   

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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05)  a   and  b  are two non-zero vectors. If  |𝑎 + 𝑏 | = |𝑎| =  |𝑏|   find the angle between |𝑎|   

and |𝑏| .  Describe how two vectors a   and  b   should be exist such that |𝑎 − 𝑏 | = |𝑎| =  |𝑏| .   

 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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06) A peg is fixed at a point 𝑂,  which is at a horizontal distance 3𝑎  from a smooth vertical wall 

An uniform rod 𝐴𝐵  of length 4𝑙  and weight 2𝑊 is in equilibrium on the peg such that the end 

𝐴 is in contact with the wall. If the rod makes an angle 𝜃 (𝑂 < 𝜃 <
𝜋

2
) with the wall, show 

that sin 𝜃 =  (
3𝑎

2𝑙
)

1

3
   

. (3𝑎 < 2𝑙)     
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07) Velocities of the particle which experience simple harmony motion, at a distance 𝒂 from one 

end and the center are  √6𝑔𝒂   and √8𝑔𝒂  respectively. Find the amplitude and period of time 

of the motion. 
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08) Let 𝐴 and 𝐵 are any two events in the sample space Ω. If 𝑃(𝐴 ∩ 𝐵′) =  
5

12
  , 𝑃(𝐴′) =  

1

3
 " 

𝑃(𝐵) =  
1

2
 ,   find 𝑃(𝐴 ∩ 𝐵)  and 𝑃(𝐴 ∪ 𝐵).    
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09) Two uniform rods 𝐴𝐵, 𝐵𝐶  each of weight  𝑊 are freely 

jointed at 𝐵 and end 𝐴 is smoothly and freely hinged to a fixed 

point. A horizontal force of  𝑊 is applied at the end 𝐶, such 

that it is in the same plane 𝐴𝐵𝐶. If  𝛼  is the inclination of the 

rod BC to the downward vertical at the position of 

equilibrium, show that 𝛼 =  tan−1  (2),   Also show that the 

magnitude of the reaction at 𝐵 on the rod 𝐵𝐶 is √2 𝑊.   
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10) A composite solid body composed of a solid cone of radius 

𝑎 and height 4𝑎 and uniform cylinder of radius 2𝑎 and 

heeight 4𝑎 as shown in the figure. Show that the centre of 

mass of the body lies at a distance  
75 𝑎

13
  from the vertex O 

of the cone on its axis of symmetry.  
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Combined Mathematics 13 - II (Part B) 

 

11)  (a)  In a motor car race, two motor cars 𝐴  and 𝐵 start their motion with velocities 𝑢, 2𝑢 and  

maintain uniform accelerations 2𝑎 and 𝑎 respectively, through the race until finished the 

race without wining or loss. If the maximum possible distance between two vehicles occurs 

in the race after time 𝑇 from the beginning, draw corresponding velocity time graphs for the 

motion of two motor cars 𝐴 and 𝐵 on the same coordinate plane. Hence show that,     

i.  𝑇 =  
𝑢

𝑎
    

ii. If the time taken to finish the race is 𝑡,    𝑡 = 2𝑇     

iii. The distance travelled by two cars (the length of the track) is 
6𝑢2

𝑎
.     

 

 (b)  Two motor vehicles 𝑃 and 𝑄  are moving along two straight roads towards point O, where 

two roads meet each other. Motor vehicles P is travelling due East from West with velocity 

𝑣 𝑚𝑠−1   and motor vehicles Q is travelling with velocity 14 𝑚𝑠−1(< 𝑣), in the direction of 

angle  300  West of South.  If the motor vehicle 𝑄 travels a distance 12√79  during 6 

seconds relative to the motor car 𝑃, using a velocity triangle show that 𝑣,  satisfies the 

equation 𝑣2 − 14𝑣 − 120 = 0 . Hence find the value of v. Show that the direction which the 

motor car 𝑄 should travels relative to the motor car 𝑃 is at an angle of 𝑡𝑎𝑛−1  (
7√3

13
)   North 

of West.   

12) (a) The triangle ABC in the figure represents a 

vertical cross section through the centre of 

gravity of an uniform smooth wedge of 

mass 𝑀. The line 𝐴𝐵 is a line of greatest 

slope and 𝐴�̂�𝐶 =  𝛼 , 𝐴�̂�𝐵 =  
𝜋

2
  .   The 

wedge is kept on due smooth horizontal 

wide stage of  a lift such that the side 𝐵𝐶 is 

on the bottom of the lift. The lift travels 

upwards with uniform acceleration 𝑓, and 𝑎 

particle of mass 2𝑚 is kept at the point 𝐴 

on the line 𝐴𝐵 and released gently. Obtain 

equations which are sufficient to determine acceleration of the particle with respect to the 

wedge until particle leaves the wedge.  Using the above equations, show that,   
 

i. acceleration of the wedge is,  𝐹 =  
2𝑚 (𝑔+𝑓) sin𝛼 cos𝛽

(𝑀+2𝑚 𝑠𝑖𝑛2𝛼)
   and 

 

ii. The acceleration of the particle relative to the wedge is,   
(𝑔+𝑓) 𝑠𝑖𝑛𝛼(𝑚+2𝑚)

(𝑀+2𝑚𝑠𝑖𝑛2 𝛼)
    

  (Consider that the wedge can moves horizontally on the bottom of the stage.)  
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 (b)  A smooth circular road which is connected 

with a smooth straight road made for an 

adventure game is shown in the figure. The 

length of the straight part 𝐴𝐵 is and √3 𝑟 and it 

is inclined 300 to the horizontal and the radius 

of the semicircular surface 𝐵𝐶𝐷,  connected to 

it is 𝑟. The parts 𝐴𝐵  and BCD are fixed in the 

same vertical plane such that the diameter of 

the circular part is perpendicular to the straight 

line part. A child with mass 𝑚 starts to travel downwards from the stage 𝐴 and travels in the 

same vertical plane through the parth ABCD. If 𝑉 is the velocity of the boy when he is in a 

position on the circular surface making an angle 𝜃 with the vertical at the centre, 

 i. Show that  𝑉2 = 2𝑔𝑟𝑐𝑜𝑠 𝜃 . 

 ii.   Show that the total distance travelled along the path before reversing his motion is, 

     
𝑟

3
 [2𝜋 +  3√3]  . 

  Show that this motion is protective along the circular path.  

 

13) (a) One end of an light elastic string of natural length 𝑙  is attached to a fixed point 𝑂 on a 

ceiling and a bin of mass 𝑚 is attached to the other end. A monkey with mass 𝑚 is inside 

the bin and the system is in equilibrium at a vertical height 
3𝑙

2
  from 𝑂.  

 
i. Show that the modules of elasticity of the string is  4𝑚𝑔. 

ii.   After that the monkey gets down from the bin gently. In the subsequent motion when 

the bin is at a distance 𝑥 > (𝑙)  below O, show that the distance  𝑥  satisfies the 

equation  �̈� + 
4𝑔

𝑙
 [𝑥 −

5𝑙

4
] = 0   

 Now, let  𝑥 −
5𝑙

4
= 𝑋  

 Then show that the above motion is in the form  �̈� + 𝜔2𝑋 = 𝑂 .  
 Hence show that the motion is simple harmonic.     
iii. Find the centre and the amplitude of the motion and show that this is a 

complete simple harmonic motion.   

iv.  Show that the period of the motion is  𝜋√
𝑙

𝑔
   .  

v. The monkey takes the bin and comes to the point 𝑂 and jump vertically 

downwards with the bin with velocity √2𝑔𝑙  such that it moves under 

gravity. When the monkey is at a distance  y (y > l)  below 𝑂, show that 

the distance 𝑦 satisfies the equation  𝑙�̇�2 + 2𝑔 (𝑦 − 𝑙)2  − 2𝑔𝑦𝑙 − 2𝑔𝑙2 = 0    
vi.  Using the above equation, show that the maximum distance reached by the monkey   

with the bin from 𝑂 is 3𝑙.  
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14)  (a) Let the position vectors of the points 𝐴 and 𝐵 relative to a point 𝑂 are 𝑎  and 𝑏  respectively. 

The point 𝐷 is on 𝐴𝐵 such that 𝐴𝐷 ∶ 𝐷𝐵 = 1: 3 .   The line 𝑂𝐷 is produced to 𝐸 such that 

𝑂𝐷 ∶  𝐷𝐸 = 1: 2 .  

Show that 𝐷𝐸⃗⃗⃗⃗  ⃗  =  
3𝑎  + 𝑏

2
   and 𝐴𝐸⃗⃗⃗⃗  ⃗  =  

5 𝑎  + 3 𝑏

4
   .   

Now a line is drawn through B parallel to 𝑂𝐸.  It meets the produced line 𝐴𝐸  at 𝐹. 

Taking  𝐵𝐹⃗⃗⃗⃗  ⃗ =  𝜆 𝑂𝐸⃗⃗⃗⃗  ⃗  and 𝐴𝐹⃗⃗⃗⃗  ⃗ =  𝜇 𝐴𝐸⃗⃗⃗⃗  ⃗,   𝑠how that 𝜆 =  
8

3
  and 𝜇 = 4.  

 Hence find the ratio 𝐴𝐸 ∶ 𝐸𝐹.  Also find 𝐵𝐹⃗⃗⃗⃗  ⃗ . 
 

 (b)  𝐴 ≡ (8,0), 𝐵 ≡ (8,6), 𝐶 ≡ (0,6) are three points on the 𝑂𝑋𝑌 plane.  𝑂 is the origin. Force 

of magnitudes  𝑃,𝑄, 𝑅  and 𝑆 newton's act along the sides 𝑂𝐴, 𝐴𝐵, 𝐶𝐵 and 𝑂𝐶  in the order 

of the letters respectively. All the distances here are measured in meters. The line of  action 

of this system of forces reduces to a single force along the line. 2𝑥 − 3𝑦 − 6 = 0. The 

anticlockwise moment of the system of forces about the origin 𝑂 is 42𝑁𝑚.  If  𝑆 = 2, find 

the magnitude of the forces 𝑃,𝑄 and  .  

  Now by adding an additional force to the system of forces, the new system reduces to a 

couple of anticlockwise moment 70 𝑁𝑚. Find the magnitude, direction and the line of action 

of the additional force.   

     
15)  (a)   Frame work ABCDE consisting of 7 light 

roads is given in the figure. The weights 𝑤 

are attached at the joints 𝐴 and 𝐷. 𝐵 and 𝐶 

are two smooth supports and the frame 

work is kept in equilibrium in a vertical 

plane.𝐵𝐶 = 𝐵𝐸 = 𝐸𝐶 and 𝐴𝐵 = 𝐶𝐷  and 

 𝐸𝐴 = 𝐸𝐷.    𝐴�̂�𝐵 =  𝐶�̂�𝐷 =  300 and 

𝐴�̂�𝐷 =  𝐴�̂�𝐸 =   900.   Find the reactions 

at 𝐵 and 𝐶  and find the stress on the rods 

classifying them in to tensions or thrusts.  

 

  (b)   The length of an uniform rod 𝐴𝐵 is 

2𝑎  and it is hinged smoothy at 𝐴. The 

rod is kept such that the rod touch the 

circular surface of an uniform 

semicircular disc of radius 𝑎 and weight 

𝑤 at 𝐶 and  𝐴𝐶 = √3 𝑎 . The  system is kept in equilibrium such that the base of the 

semicircular disc is on a rough horizontal floor and the surface at 𝐶 is smooth. If the 

coefficient of friction between the floor and the plane base is 𝜇  show that 𝜇 ≥  
4− √3

13
.  
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16) Using integration show that the centre of mass of an uniform 

solid hemisphere of radius 𝑎 lies at a distance 
3

8
𝑎 from its 

centre.    

A solid right circular cylinder part of radius 𝑎 and height 2𝑎 

is removed from an uniform solid hemisphere of radius 3𝑎 

and density 𝜎. Now a cylinder of radius 𝑎, height 3𝑎 and 

density 𝑘𝜎 is attached at point C of the above remaining part 

such that their symmetic axis coinside with each other. Now 

show that the centre of mass of the solid body 𝑅 is at a distance 
(73+54𝐾) 𝑎

 4(16+3𝑘)
  from 𝑂, on the 

axis of symmetry.  

Then the solid body 𝑅 is kept in equilibrium by touching surface containing AOB on a rough 

plane, inclined at an angle 𝛼 (0 <  𝛼 <  
𝜋

2
)    to horizontal with line AOB is along the line of 

greatest slope.    

If the coefficient of friction between the body 𝑅 and the plane is 𝜇.   

Show that  𝜇 ≥ tan𝛼   and show that  tan 𝛼  <  
12 (16  + 3𝑘)

73 + 54 𝑘
 .  

 

17) (a)  𝐴 and 𝐵  are any two events in the sample space 𝑆. Define what is meant by each of the 

followings given below.   
i. 𝐴 and 𝐵  are   exhaustive events.    

ii.   𝐴  are 𝐵  are mutually exclusive events.     

(b)  Let 𝐴  and 𝐵   are any two events in a sample space.  𝐴′  and 𝐵′  are the complementary 

events of   𝐴  and 𝐵  respectively. Show that,   
i.    𝑃(𝐴′) = 1 − 𝑃(𝐴)   
ii.  𝑃(𝐴) = 𝑃(𝐴 ∩ 𝐵) + 𝑃(𝐴 ∩ 𝐵′) 

iii.   𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵)  

If  𝑃(𝐴) =  
2

5
 " 𝑃(𝐵′) =  

3

10
 " 𝑃(𝐴′ ∪ 𝐵′) =  

17

20
  find" 𝑃(𝐴′ ∩ 𝐵′), 𝑃(𝐴 ∪ 𝐵) and 

𝑃(𝐴′ ∩ 𝐵).   
 

(c)  In a box there are 3 blue, 4 red  and 5 green identical balls. Three balls are taken randomly, 

one by one , one at a time from the box without replacement. Find the probabilities of,    
i. All the 3 balls are in the same colour.  

ii. Getting blue, red and green balls respectively.  

iii. Not getting any red ball. 

iv. Getting at least one red ball.       
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