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Combined Mathematics  - Grade 13 - I (Part A) 

01. Find the partial fractions of  
( )12

4104 3

+

++

xx

xx
.  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

02.
 

Solve the inequality xx
2

1
3 − , using graphs. Hence or otherwise, find the range of the values 

of  x  which satisfies the inequality  742 ++ xx .    

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

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

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………………………………………………… 
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03. The polynomial ( ) baxxxxf +++= 34 3  where, a  and b  are constants. When ( )xf  is divided 

by 12 −+ xx , the remainder is 32 +x . Find the values of a  and b . 

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

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

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

04. Find the value of  
( )2

1cos2
lim

x

x
x

−

−+


 . 

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

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

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

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

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

………………………………………………………………………………………………………
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………………………………………………………………............................……………………  
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05. A curve C  has parametric equations 







−==

22
,sin2,2cos6


ttytx  . Show that 

ect
dx

dy
cos= , giving the exact value of the constant  . Find the equation of the normal to C  at 

the point where 
6


=t .   

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

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

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

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

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

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

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

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

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

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

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

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

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

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

06. When 522 +−= xxy , find the equation of the tangent line at the point 2=x

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………………………………………………… 
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07' Find the area above x - axis, bounded by the line 4=x   and the curve ( )xfy =  where  

 ( )









=

1;;

10;2

xx

xx
xf  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

08. A straight line through the point ( )1,1  meets the x - axis A  and the y - axis at B . find the equation 

of the locus of the midpoint of AB .  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………………………………………………… 
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09.  Find the equations of the line through the points ( )2,3  and making an angle of 
45  with the line 

32 =− yx

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

10' Solve the equation 







=









+
−









−

−−−

2

1
tan

1

1
tan

1

1
tan 111

xx
where  ;  𝑥 > 0 , 𝑥 ≠  −1  

 ………………………………………………………………………………………………………
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Combined Mathematics  - Grade 13 - I  (Part B) 

❖ Answer only five questions.  

 

11.  a.  The quadratic equation 0322 =+− xx  has roots    and  . Without solving the equation, 

write down the values of  +  and  . 

  Hence,  

  i. show that 222 −=+  . 

  ii. find the value of 
33  + .  

  iii. show that ( ) ( )2
22244 2  −+=+ . 

  iv. find the quadratic equation which has the roots  −3
 and  −2

giving your answer in 

the form 02 =++ rqxpx .            

 b.  If 2−x  is a factor of polynomial ( ) 23 23 −++= xCxxxP " find the value of C . For this value 

of C "  

  i. find the remaining factor of ( )xP .  

  ii. show that ( ) 0=xP  has only one real root. 

 iii. if ( ) ( )( ) 0132 =−−+ xxxP   has 3 distinct real roots, find the range of the values of  .  

12.  a. If  cba ,,  are real constants,  ( ) cbxaxxf ++= 22
 and ( ) ( )baxxg += 2 " write the 

discriminant of the quadratic expression  ( ) ( ) ( )xgxfxF +  ; where,   is a real constant.  

  If the roots of ( ) 0=xf
 are real and distinct, deduce that the roots of ( ) 0=xF

  too are real 

and distinct .  

 b.  i. If the set of values of x  which satisfies the inequality baxx ++− 315  is represented 

by  Rxxx  ,50| , find the constants a  and b . 

  ii. Find all real values of  x  such that 02422 −− xx  and 022 + xx . 

 c. Show that  
a

c
c

b

b
a

log

log
log = , when cba ,, . Hence deduce that 

a
c

c

a
log

1
log = .  

  If azayax aaa 3log,2log,log 432 ===  , show that yzxyz 21=+ .  
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13.  a.  y  is a function of x  and tan=x .  Express  
2

2

dx

yd
 , in terms of  

d

dy
 and  

2

2

d

yd
. 

  If  0)1(2)1( 2

2

2
22 =++++ y

dx

dy
xx

dx

yd
x , then show that 0

2

2

=+ y
d

yd


.  

 b.  Show that the area bounded by the parabolas 652 += xy  and yx =2
 is 

5

2
5  square units.  

  Find the volume of the solid generated by rotating the area bounded by the above parabola 

652 += xy  and the line 1=x  about the x  - axis.  

14. a.  Let ( )
( )21

4

−

+
=

x

x
xf  for 1x  and Rx . Find the first derivative of ( )xf . It is given that the 

second derivative of ( )xf , ( )xf   as ( )
( )
( )41

142

−

+
=

x

x
xf  .     

       Draw a rough sketch of the graph ( )xfy = , representing turning points, asymptotes and 

inflection points. 

b.  A storage unit has the shape of a hemisphere 

on top of a cylinder and a fixed volume V . 

Determine the dimensions of the solid (the 

radius R  and the height H ) that m inimize 

the total area.  

15. a.  Using partial fractions, find 
( )( ) +−

dx
xx 121

1
2

.  

  Hence, using a suitable substitution, find 


d + 2sinsin

1
       

b.  Using integration by parts, find dxxe x

 2sin5 .              

 c.  Show that  +
=

+

4

0

2

4

0

42 32cos

2sin
2

sincos

cos.sin



dx
x

x
dx

xx

xx
.  

  Hence, using the substitution xz 2cos=  or otherwise, show that 

3632cos

2sin
2

sincos

cos.sin 4

0

2

4

0

42





=
+

=
+  dx

x

x
dx

xx

xx
.  
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16. a.  Show that ( ) 0222111 =+++++ cybxacybxa   is a straight line which passes through the 

meeting point of the lines 0111 =++ cybxa  and 0222 =++ cybxa , where   is a parameter. 

  ABCD is a parallelogram. Equations of the lines CDBCAB ,,  and DA , are 

211211 ,, cxmydxmycxmy +=+=+=  and 22 dxmy +=  respectively. Without finding the 

coordinates of the vertices,  

  i. find the equations of the diagonals AC  and BD.  

  ii. If  ABCD is a rhombus, then show that ( )2

11 m+ ( ) ( ) ( )212

2

2

2

12 1 ccmdd −+=− .  

  b.  A line cuts the x - axis at ( )0,7A   and the y - axis at ( )5,0 −B . A variable line PQ  is drawn 

perpendicular to  AB  cutting the x - axis in P  and the y - axis in Q . If AQ and BP   intersect 

at R , find the equation of the locus of R .  

17.  a. Using the expansion for, show that 3215tan −=
.  

  Show that 
x

xx

tan

1tan1

2
tan

2 −+
=








 for 

2
0


 x .  

  Show that ( )( )1223
2

1
7tan −−=



 and deduce that 6432
2

1
7cot +++=



.  

 b. Find the general solution of the equation 3coscot =+ ecxx .  

 c.  State and prove the sine rule for any triangle ABC  in the usual notation. Using the sine rule 

prove that  

  i. ( ) 






 −
=








−

2
sin

2
cos

CB
a

A
cb   

  ii.  















=

++

−+

2
tan

2
tan

BA

cba

cba
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 (Part - A) 
 

01) A particle is projected under gravity from a point 𝑂, on the floor with velocity 𝑢 making an angle 

𝜃   with horizontal. Draw velocity time graphs separately for both horizontal and vertical motions 

of the particle, until it hits a point on the horizontal plane through the point 𝑂. Hence show that 

the time taken for the particle to reach the greatest height and to hit the ground again is equal, if 

it hits the ground with the same projected velocity. Also show that it equals   
𝑢 sin𝜃

𝑔
  and the 

horizontal range of the particle is 
2 𝑢2

𝑔
 sin 𝜃 cos 𝜃.  where 𝑔 is the gravitational acceleration   

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

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

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

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

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

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

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

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

 

 

02) A particle 𝑃 of  mass 𝑚, moving along a smooth horizontal table with velocity 𝑢, collides directly 

with a particle  𝑄 of equal mass, which is at rest on the table. If the coefficient of restitution for 

the collision is 𝑒. Show that the velocities of the particles P and Q after the collision are 
𝑢

2
 (1 − 𝑒)  and  

𝑢

2
 (1 + 𝑒)   respectively. Show that the loss of energy due to collision is  

𝑚𝑢2

4
 (1 − 𝑒2 ).  

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

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

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

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

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

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

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

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

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

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

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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03) A particle is projected under gravity with initial velocity 𝑢, at an angle 𝜃  to the horizontal. Show 

that the maximum height reached by the particle is  
𝑢2

2𝑔
 𝑠𝑖𝑛2 𝜃.  When the particle reaches half 

of the maximum height of its path, if the direction of the motion of the particle makes an angle 

of  300   with the downward vertical. Show that 𝜃 =  𝑡𝑎𝑛−1 (√6)  . 

 

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

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

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

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

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

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

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

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

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

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

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

 

04) If A motor car of mass 𝑀 metric tons, with maximum power 𝐻 kilowatts, moves downwards 

along the line of greatest slope of a level road of inclination 300  to the horizontal with the 

constant velocity 𝑣 𝑚𝑠−1 under a resistance R Newtons, show that the resistance on the car is  

𝑅 =  [
2𝐻+𝑀𝑔𝑣

2𝑉
] 103  Newtons. Subsequently, at the same instant which the car is entered to a 

horizontal road with the same constant resistance, if the engine of the car is stopped, show that 

the retardation on the car is, 
1

𝑀
 [

𝑀𝑔𝑉+2𝐻

2𝑉
] .    
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These papers were printed, packed and distributed under the strict sanitary regulations approved by the Ministry of Health. 
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05) Two particles 𝑃 and 𝑄 of masses 2𝑚 and 𝑚 respectively 

are attached to the two ends of a light inextensible string 

passing around a smooth light pulley which is fixed in 

the ceiling of a lift moving upwards with an uniform 

acceleration of   
𝑔

2
  and the system is released gently for 

motion. show that the acceleration of each particle 

relative to the lift is 
𝑔

2
 and the tension in the string is 2𝑚𝑔 

where 𝑔 is the gravitational acceleration. 
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06) 𝑎  , 𝑏   and 𝑐   are three non zero, non parallel vectors. |𝑎| = 1 , |𝑏| = 3  and |𝑐| = 2 '  Let     

𝑐 =  𝑎  +  𝜆𝑏  , 𝑎  and  𝑏  are perpendicular to each other and the angle between  𝑏  and  𝑐  is  
𝜋

3
  .  

i.   Find the value of  𝜆.   

ii.  Also show that the angle between 𝑎   and  𝑐  is  
𝜋

3
  .  
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These papers were printed, packed and distributed under the strict sanitary regulations approved by the Ministry of Health. 
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07) A thin uniform weighted  rod  𝐴𝐵  is kept in a vertical plane perpendicular to a wall such that the end  𝐵 

is against the smooth vertical wall and the end  𝐴  is on a rough horizontal floor making an angle   𝜃    with 

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

2
.  Show that  𝜃 ≥  

𝜋

4
   for the rod 

to be in equilibrium.   
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08) A point 𝐶 on a sphere of radius 𝑎 and weight 𝑤 rests in contact with a smooth 

vertical wall and is supported by a light inextensible string of length 

3𝑎 joining a point 𝐴 on the sphere to a point 𝐵 on the wall. 𝐵 lies vertically 

above 𝐶. Find the tension in the string and the normal reaction on the sphere 

by the wall, in terms of 𝑤.  
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These papers were printed, packed and distributed under the strict sanitary regulations approved by the Ministry of Health. 
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09) The forces with magnitude 9𝑃, 7𝑃, 2𝑃, 𝑃  and 3√2  𝑃 Newtons act along 

the sides 𝐴𝐵, 𝐶𝐵, 𝐶𝐷, 𝐴𝐷   and 𝐵𝐷  in a square ABCD, in the direction of 

the order of the letters respectively. Find the magnitude and direction of 

the resultant of the system of forces.       
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10) One end of a light inextensible string of length 3𝑟  is attached to a fixed-point 𝐴 and a particle of 

mass 𝑚 is attached to the other end. The particle moves with velocity 𝑣  in a horizontal circle of 

radius 𝑟 and center 𝑂, which lies vertically below 𝐴. Show that 𝑣2 = 
𝑔𝑟

2√2
.  where 𝑔 is the 

gravitational acceleration. 
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Combined Mathematics 13 – II (Part - B) 

 
11) (a)   At  𝑡 =  0 ,  A, balloon  𝐵  is released from  a point 𝑂 which is on the floor, such that it moves 

vertically upwards with a constant acceleration 𝑓.  After another time 𝑡 =  𝑇, from the same point 

𝑂, a ball 𝐴 is projected vertically upwards under the gravitational acceleration 𝑔 with velocity 𝑢 

(𝑔 > 𝑓).  Draw velocity – time graphs for the motion of the balloon and the ball in the same 

diagram. Hence if the ball meet the balloon at its maximum height, show that 𝑢 =  
𝑔𝑇√𝑓 [√𝑔 +  √𝑓]

𝑔−𝑓
.  

Further when the ball hit the horizontal floor through the point 𝑂, show that the height of the balloon 

is,  
𝑓

2
 (𝑇 + 

2𝑢

𝑔
)
2

 .   

 

 (b)  A helicopter flies from an aircraft carrier ship moving with constant velocity 𝑢 towards North, to 

an island which is situated at a distance 𝑑 𝑘𝑚 due east and perpendicular to the path of the ship and 

returns to the ship. (it doesn't take an extra time to turn the helicopter) Furthermore both motions 

along two straight paths are at the same height and with the same velocity 𝑣,  (𝑣 > 𝑢) .  Also in the 

motions of flying to the island and returning to the ship, if the helicopter flies in a direction   𝜃  East 

of North and from East of North respectively, relative to ship. Draw the velocity triangles for both 

cases in the same diagram. Show that the total time taken for the helicopter to fly from the ship to 

the island and the time taken to return the ship is  
2𝑑 √𝑉2 −  𝑢2 𝑠𝑖𝑛2  𝜃    

(𝑉2− 𝑢2)𝑠𝑛𝜃
.   

    
 

12)  A wedge of mass 𝑀 with smooth faces and a triangular 

vertical cross section 𝐴𝐵𝐶 is kept on a smooth horizontal floor 

of a lift moving vertically upwards with constant acceleration 

𝐹. A particle  𝑃  of mass 𝑚 is kept on the inclined plane which 

makes an angle 𝛼 to the horizontal and the system is released 

gently for motion such that the particle moves along the 

inclined plane and the wedge moves along the horizontal floor 

of the lift. Applying the equations for the particle 𝑃 in the 

direction 𝐶𝐴, and for the system in the direction 𝐴𝐵, show 

that,  

𝑖.     The acceleration of the wedge relative to the lift is   
𝑚(𝐹+𝑔) sin𝛼 cos𝛼  

𝑀+𝑚 𝑠𝑖𝑛2 𝛼
   

𝑖𝑖.   The acceleration of the particle relative to the wedge is  
(𝑀+𝑚)(𝐹+𝑔)sin𝛼

𝑀 +  𝑚  𝑠𝑖𝑛2 𝛼
     

𝑖𝑖𝑖.   If the lift moves with uniform velocity or is at rest deduce that the acceleration of the 

wedge relative to the lift is   
𝑚𝑔 sin𝛼 cos𝛼 

𝑀+𝑚 𝑠𝑖𝑛2 𝛼
 and deduce that the acceleration of the particle 

relative to the wedge is,   
(𝑀+𝑚)𝑔 sin𝛼 

𝑀+𝑚 𝑠𝑖𝑛2 𝛼
     

      Also at this time show that the acceleration of the particle relative to the earth is,  

  
𝑔 sin𝛼

𝑀 + 𝑚 𝑠𝑖𝑛2 𝛼
 [𝑚2𝑐𝑜𝑠2𝛼 + (𝑀 + 𝑚)2 − 2𝑚(𝑀 + 𝑚) cos 𝛼]

1

2   

𝑖𝑣.  If the lift moves vertically downwards with constant acceleration 𝑔, deduce that the 

wedge is at rest relative to the lift or the particle moves with uniform velocity relative 

to the wedge. where 𝑔 is the gravitational acceleration.   
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13)  A particle 𝑃 of mass 𝑚 suspends freely from a point 𝑂, using a light inextensible string of length 

𝑙.  Then it is projected with a horizontal velocity 𝑢.   
 

𝑖.     Show that the velocity 𝑣 of the particle, when 𝑂𝑃 makes an acute angle  𝜃  with the 

downward Vertical, gives by  𝑣2 = 𝑢2 + 2𝑔𝑙 𝑐𝑜𝑠 𝜃 –  2𝑔𝑙 . 

𝑖𝑖.   Show that the tension of the string, gives by  𝑇 =  
𝑚

𝑙
 (𝑢2 + 3𝑔𝑙 cos 𝜃 − 2𝑔𝑙).   

𝑖𝑖𝑖.   If the particle travels the entire circular path in a vertical plane, show that   𝑢2 > 5𝑔𝑙. 

𝑖𝑣.  If the particle leaves the circular path without travailing the entire circular path, show 

that  2𝑔𝑙 <  𝑢2 < 5𝑔𝑙 .  

𝑣.  Initially if the particle is projected with velocity  2√𝑔𝑙 , show that the velocity of the 

particle is √2𝑔𝑙 , when the string reaches the horizontal position through 𝑂.       

𝑣𝑖.  When the string reaches the horizontal position through 𝑂, the string touches a smooth 

peg 𝐴 which is at a horizontal distance    
𝑙

2
     from  𝑂  and the particle moves in a vertical 

circular path with centre as the peg 𝐴, show that the particle travels the complete vertical 

circular path with center 𝐴.  

 
14) (a) The position vectors of the  points  𝐴, 𝐵  and  𝐶  relative to the origin  𝑂  are  2 𝑖 + 3 𝑗 , 𝑖 + 4 𝑗   

and 4 𝑖 − 𝑗    respectively. The points 𝑃, 𝑄 and  𝑅  lie on the sides 𝐵𝐶, 𝐶𝐴 and 𝐴𝐵 such that 

𝐵𝑃: 𝑃𝐶 = 3: 1 , 𝐶𝑄 ∶ 𝑄𝐴 = 1: 2 and 𝐴𝑅 ∶   𝑅𝐵 = 2: 1.  Show that,  
𝑖.     𝑅𝑄   is parallel to   𝐵𝐶   

𝑖𝑖.   𝐴𝑃⃗⃗⃗⃗  ⃗  =   
5

4
 𝑖  −   

11

4
 𝑗   and   𝐵𝑄⃗⃗ ⃗⃗  ⃗  =   

7

3
 𝑖  −   

11

3
 𝑗   

𝑖𝑖𝑖.  If the straight lines   𝐴𝑃   and   𝐵𝑄   intersect at 𝑆,  find the ratios 𝐴𝑆: 𝑆𝑃  and  𝐵𝑆: 𝑆𝑄.  
 

 (b) A system of coplanar forces consisting of four forces is given below.   
  

Point Position Vector Force 

A 3 𝑖  − 𝑗  𝑖  −  4 𝑗 

B 2 𝑖 + 2 𝑗 3 𝑖 + 6 𝑗 

C − 𝑖  −  𝑗 −9 𝑖  + 𝑗 

D −3 𝑖 + 4 𝑗 5 𝑖 − 3 𝑗 
    

   where  𝑖    and  𝑗   have their usual meanings.  

 
𝑖.     Show that the system of forces reduces to a couple of forces and find the magnitude of 

the moment of that couple and the sense of it.  

𝑖𝑖.   When the force acting at the point 𝐷 is removed and the force acting at the point 𝐴 is   

replaced to the point  𝑖  −   8 𝑗 , show that the system reduces to a single force and find 

its magnitude and direction.  
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15)  (a)  Three uniform rods  𝐴𝐵 , 𝐵𝐶   and  𝐴𝐶   of  

weights 𝑤 , 𝑤  and  2𝑤  respectively are smoothly 

jointed at their ends, 𝐴,𝐵 and 𝐶 to form the 

framework in the shape of a triangle 𝐴𝐵𝐶.  As 

shown in the figure, it is hinged to a smooth 

vertical wall at 𝐴 and is kept in equilibrium in a 

vertical plane such that 𝐴𝐵  is horizontal by 

applying a horizontal force of   
13 𝑤

3
   on the rod 𝐴𝐵 

at  D.  
 
𝐴𝐵 = 𝐵𝐶 = 2𝑎  yd 𝐵�̂�𝐶 = 𝐴�̂�𝐵 =  300  

(i)  Show that   𝐴𝐷 = 
3𝑎

2
  . 

(ii)  Find the horizontal and vertical components of the reactions acting at the joints  𝐵 and  𝐶.  
 

 
 (b)   The frame work shown in the adjoining 

figure is made of smoothly joining five 

light rods AB, BC, AC, AD and CD at their 

ends. A load w is applied at the joint  D. 

The framework is kept on two smooth 

supports at  𝐴  and  𝐵  and is in equilibrium 

in a vertical plane such that  𝐴𝐵  and 

 𝐷𝐶  are horizontal. 

                𝐷�̂�𝐶 =  𝐷�̂�𝐴 =  300  ,   𝐴�̂�𝐵 =  900 

  

(i)     Find the reactions on the framework by the supports  𝐴  and  𝐵.  
 (ii) Using the Bow's notation draw a stress diagram and hence find the stresses along the five 

rods classifying them in to tensions or thrusts.     
   

16)    (a)  One end 𝐴 of an uniform ladder 𝐴𝐵 of weight 𝑤 and length 2𝑎 is placed on a rough  horizontal 

floor and the other end  𝐵 is in contact with a rough  vertical wall. The coefficient of friction 

at both ends of the ladder is  
2

3
  . The ladder is held in a vertical plane perpendicular to the wall 

such that the inclination of the ladder to the floor is tan−1 (
3

4
)  . A child whose weight is 2𝑤 

can go along the ladder to a distance 𝑥 starting from 𝐴. Show that the ladder attains the limiting 

equilibrium when .𝑥 =  
19 𝑎

13
 .   

 
 (b)  An uniform rod  𝐴𝐵  of weight  𝑤  and length 𝑎 is hinged to 

a vertical wall at 𝐴 and maintains in equilibrium by a string 

of length 𝑎 which is attached to 𝐵 and to a point 𝐶 vertically 

aboove 𝐴 which is at a distance 𝑏 from 𝐴. Show that the,  
 

(i)      tension in the string is   
𝑤𝑎

2𝑏
   and  

(ii)     reaction of the hinge 𝐴 is,    
(√𝑎2+ 2𝑏2)𝑤

2𝑏
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17) (a) The total mass of a child with his bicycle is 95𝑘𝑔. The child rides his bicycle with maximum 

velocity of  3 𝑚𝑠−1   on a horizontal road and he rides his bicycle up a road of inclination  300  

to the horizontal, with a maximum velocity of  2 𝑚𝑠−1.   If he rides his bicycle downwards 

along the same inclined road, then find the resistance to the motion and the acceleration. When 

the velocity is 4 𝑚𝑠−1.  

Assume that for all motions the child rides his bicycle with the same power and the resistance 

to motion is proportional to the square of its velocity. (Let 𝑔 =  10 𝑚𝑠−2) 

 
 

 (b)  
 
 
 
 
 
 

  Two smooth spheres 𝐴 and 𝐵  with same radii and each of mass  2𝑚  and  7𝑚 are kept on  a 

smooth  horizontal plane against a smooth vertical wall. 𝐴 is projected with velocity 𝑢 to 

strike 𝐵 directly. The coefficient of restitution between 𝐴 and  𝐵  is  
1

2
 .  

 
(i)     Find the velocities of  𝐴  and  𝐵  after the collision.  
(ii) After the collision of  𝐴   and  𝐵  the sphere  𝐵  collides with the wall and rebounces. If 

the coefficient of restitution between the sphere  𝐵  and the wall is  
1

3
,  show that the 

spheres 𝐴 and 𝐵 will not collide again.  

(iii)    Show that the loss of kinetic energy of the system, due to collision is 
301

324
 𝑚𝑢2  . 
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