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Combined Maths 13 - I (Part A ) 

01. If there is no remainder when the polynomial dcxbxax  23
 is divided by   22 kx   show that" 

cdab ' 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

02. Using the graphs solve the inequality  2442  xx  ' 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………………………………………………… 
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03. Find the range of values of  𝑎  such that the equation      06232 2  axaxa  has two real and 

distinct roots. Here a  ' 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

04. Evaluate, 

 







cos
2

sin1
lim

2












 ' 

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

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

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

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

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

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

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

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

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

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

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

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

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

………………………………………………………………………………………………………  
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05' Find the area bounded by the curve  2 xxy  and the line  
2

x
y    using integration.  

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

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

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

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

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

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

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

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

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

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

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

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

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

 

06.  Show that the equation of the normal line to the parabola xy 42   at the point   tt 2,2
, is  .2 3tttxy   

If the normal line meets this parabola again at the point   TT 2,2  , show that 022  tTt ' 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………………………………………………… 
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07' Each of two parallel lines makes an angle     with the positive direction of  x  axis . One line passes 

through the point   kh,  and the other line passes through the point  nm, ' Show that the perpendicular 

distance between the lines is      cossin nkmh   ' 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

08' Let  1,2 A and  3,4 B .   ttC  ,3 is a point on the perpendicular bisector of AB .  Here 

Rt  Find the value of t  and find the coordinates of  D  such that ACBD form a rhombus. 

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………………………………………………… 
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09.   Solve  
2

tan1tan2 11 
  xx   . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

10' Find the values of x  in the range    , ,  which satisfies the equation 2sin32cos  xx '   

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………………………………………………… 
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Part B  

 Answer only 05 questions. 

 

11.  a.  If and  ,   are the roots of the equation, 02  cbxax  find the value of    2   in terms of 

ba,  and c . Obtain the roots of the equation     022  axabxabc  in terms of   , ' 

 b. (i) If there is a common root for the equations 0122  xaax  and 0122  xbbx  , show 

that the quadratic equation  0222  baxabx  is satisfied by the other roots of them. 

    ii. Show that for real x " there is no real value of the expression 
12

122





x

xx
 between 1 and 

2 .  

 𝑐.  Let,   0223  xbxaxxf ' It is given that  1x  is a factor of   xf   and the 

remainder when  xf  is divided by  1x  is 6 . Find the values of a and b .  Express  xf  

as a product of linear factors for these values of  a and b .   

              
 

12.  a.  Sketch the graph of 2 xy   

  Hence obtain the graph of  2 xy .  Solve the inequality  1
2

2


x
  using above graph.    

 b.  𝑓(𝑥) is a polynomial of degree 4  and it is  divisible by  22 x  . When it is divided by     21
2

 xx

the reminder is  xx 36 2  ' Find the polynomial. Show that there are no real roots for the equation 

𝑓(𝑥)  =  0.  

 c.  Express 
 2
2

1

24





xx

xx
 in partial fractions. 

 

 d.  When cba ,,  , show that 
a

c
c

b

b
a

log

log
log   . Hence deduce that  

a
c

c

a
log

1
log   ' 

  Show that 
x

xxx
xxxxxx

abc

cba
accbba

log

logloglog
loglogloglogloglog


  '  

 
 

13.  The equation of a curve is given by  
  212

43






xx

x
y . 

 i. Express  
  212

43





xx

x
 in partial fractions.   
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  Hence find the partial fractions of 
 

   22

2

212

43





xx

x
' 

 ii.  Show that  
   22

2

2

12

2







xxdx

dy
 . Hence or otherwise show that there is a turning point at   

3x  . Find x  coordinates of other stationary points on the curve.   

 iii. Find, 
2

2

dx

yd

 
and determine the nature of the turning point at  3x  ' 

 iv. Sketch the graph of  
  212

43






xx

x
y  by indicating the turning points and asymptotes.  

 v.  Find 
  

dx
xx

x
 



212

43
 and hence show that the area bounded by the curve,  x  axis and the lines  

4x   and  12x  is 15ln  '  

  Find the volume of the solid generated by rotating this region about  x  axis.  

 

14. a. Let   
  
  24

51






xx

xx
xf   for 2,0  xx  . Show that  

 
   22

/

42

36






xx

x
xf   and find values 

of   x   such that   0 xf ' 

Sketch the graph of   xfy    by indicating the 

turning points and asymptotes.  

b.  It is needed to make a biscuit tin using a thin metal sheet 

of area  280 cm  without any wastage. The radius of 

the lid same as the radius of the tin  cmx ' The lid 

overlaps the tin by cm1  as shown in the figure. The 

volume of tin is  3cmV  Here x  is a variable. 

i. Show that  3240 xxxV    

ii. Using the derivative of 𝑣, find the radius when 

the volume is maximum.  

 

15. a.  Let   
 21

1




xx
xf .  Express    xf  in partial fractions.  

Evaluate   dxxf  . Hence or otherwise evaluate  
 

dt
et


2
1

1
 . 

  b.   Using the integration by parts, find   
 dxxe x2  . 

cmx  

cmx  

cm1  
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c.   Prove that       

a a

dxxafdxxf
0 0

 '  

 Using the above result, evaluate   

2

0

3

cossin

sin


dx
xx

x
 '  

 

16.  In the parallelogram PQRS  , the equations of the sides  RSQRPQ ,,  and SP  are  

0,0,0 211  cbyaxnmylxcbyax  and 01  nmylx  respectively. Show that the 

area of  parallelogram  is  
blam

nncc



 2121
 ' 

 In the rhombus ABCD the equations of the sides  AB  and AC  are   01 yx   and  

012  yx  respectively. If the side  BC  passes through the point  6,5   , find the equations 

of  CDBC,  and DA ' 

 Using the results of the first part, find the area of the rhombus  ABCD ' 

 

17.  a. If  
36 , show that  2sin3sin   Hence deduce that 

4

15
36cos


  ' 

  Further show that,  
8

1
54sin48sin12sin  '

 

b. State the Sine rule for a triangle with usual notation.   

The angular bisector of the interior angle Â  meets  BC  at D ' Show that  
  2

cos
2 A

cb

bc
AD


  '   

Find the length of the angular bisector of the interior  angle B̂ ' 

If the angular bisectors of the interior angles  Â  and B̂  are equal in length, show that 








 








 

2
cossin

2
cossin

CB
A

CA
B  ' 

 c. Express    xxxxxf 22 sin2cossin4cos2   in the form     xAxf 2sin . Here 

0A  and   is an acute angle. Hence draw a rough graph of   xfy   in the range  

  x ' 
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 (Part A) 
 

 

01) A particle 𝑄1  is released from the highest point of the ground floor of a building with two 

stores with equal height from the ground level. At the same instant another particle 𝑄2 is 

projected vertically downwards with initial velocity 𝑢  from the highest  point of the first  

floor, such that both particles meet each other at the ground level. (see the diagram). If the 

time taken for both particles to meet each other is  𝑇"  draw the 𝑣 − 𝑡  graphs for the 

motion of both particles in the same diagram. Hence show that  𝑢 =  
𝑔𝑇

2
  '  Here 𝑔 is the 

acceleration due to gravity.   
  

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

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

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

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

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

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

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

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

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

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

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

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

 
02) A sphere 𝐴 of mass 2𝑚 moving with an initial velocity 𝑢 on a smooth horizontal table, collides directly 

with a smooth sphere 𝐵 of mass 𝑚 with the same size. If the coefficient of restitution for the collision is 

e (0 <e<1) , obtain the velocity of the sphere 𝐵 after the collision. If  𝑒 =  
1

4
 ,  show that the impulsive 

force on the particle  𝐵 is 
5𝑚𝑢

6
  '  

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

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

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

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

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

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

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

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

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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03) A particle projected under gravity at an angle 𝜃  with the horizontal from a point 𝑂, passes through the 

maximum point 𝑃 which is inclined at an angle 𝛼  to the horizontal from 𝑂, show that  tan 𝜃 = 2 tan 𝛼 .  

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

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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04) A train engine of mass  M metric tonnes, power   𝐻 𝐾𝑤 travels along a  horizontal road with a constant 

velocity 𝑣 𝑚𝑠−1  under a resistive force  of  𝑅 N. Show that   𝑅 =  
H x 103

V
  ' For this engine to travel 

upwards along an inclined plane of  300 to the horizontal with the same constant velocity 𝑣 and under the 

same resistive force, show that the new power of the engine should be    (
𝑀𝑔𝑣

2
+ 𝐻)𝑘𝑤  ' 
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05)  Two particles 𝐴 and 𝐵 with masses 5𝑘𝑔 and 3 𝑘𝑔 

respectively are connected by a light inextensible string 

passing over a smooth light pulley fixed to a ceiling. Initially 

the two particles are held in a same horizontal level at a 

height of  
1

2
𝑚   above the floor with the strings taught and 

vertical. (see the diagram). When the system is released 

gently show that the acceleration of the system is  
𝑔

8
  𝑚. If 

the strings are long enough for the particle  𝐴 to hit the 

ground and the particle 𝐵 doesn't hit the pulley, show that the 

particle 𝐵 reaches a height of   
9

8
 𝑚  above the ground level 

for the first time.  Here  𝑔 is the acceleration due to gravity.  
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06) The position vectors of two non collinear points 𝐴 and 𝐵  with respect to the origin 𝑂 are  𝑎 and 

𝑏  respectively. 𝐶 is a point on 𝑂𝐴 such that  𝑂𝐶⃗⃗⃗⃗  ⃗ =  
2

3
 𝑂𝐴⃗⃗ ⃗⃗  ⃗ .    𝐷  is  a point on OB such that  𝑂𝐷⃗⃗⃗⃗⃗⃗ =  2 𝑂𝐵⃗⃗ ⃗⃗  ⃗   

and 𝐸  is a point on 𝐴𝐵 such that  𝐴𝐸⃗⃗⃗⃗  ⃗ =  
1

2
 𝐴𝐵⃗⃗⃗⃗  ⃗  . 

i)  Find    𝐶𝐸⃗⃗⃗⃗  ⃗   and   𝐸𝐷⃗⃗ ⃗⃗  ⃗  in terms of  𝑎   and  𝑏    

ii)  Show that  𝐶, 𝐸 and 𝐷  are collinear and find the ratio  𝐶𝐸: 𝐸𝐷.  
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07) A force 𝑃 (< 2𝑤)  inclined at an angle 300 to 

the horizontal is applied on a wooden block of 

weight 𝑤, which is placed on a rough horizontal 

table (See the figure). If the coeffient of friction 

between the table and the wooden block is 𝜇  , 

show that the maximum value of  𝑃  that should 

be applied such that the block is in equilibrium 

without moving is  
2𝜇𝑤

√3 + 𝜇
   . 
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08) A smooth peg is at a horizontal distance  2√2 𝑎   from a smooth wall. An uniform rod 𝐴𝐵 of  weight 

𝑊 and length 16𝑎 is in equilibrium in a vertical plane with  the end 𝐴 against the wall and  a 

point on the rod is in contact with the peg. Find the angle which the rod makes with the horizontal 

and show that the reaction on the rod by the peg is √2 𝑤  '  
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09) The forces  3𝑃, 4𝑃 and 5𝑃 act along the sides  𝐴𝐵, 𝐵𝐶 

and 𝐶𝐴 respectively of an equilateral tringle of side 𝑎 

in the direction indicated by the order of the letters.   

i)  Find the magnitude and the direction of the 

resultant.    

ii)  Assuming that the line of action of the resultant 

acts at a point, which is on the line 𝐵𝐶 produced 

at a  distance of   
3𝑎

2
   from 𝐶, a  single force is 

applied at 𝐵 for the system to be reduced to a 

couple. Find the moment of the couple.  

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

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

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

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

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

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

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

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

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

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

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

 
10) A particle 𝑃 of mass 𝑚 is placed on the top of a fixed sphere of center 𝑂 and radius 𝑎 and it is gently 

displaced from its  position of equilibrium. Find the angle which 𝑂𝑃 makes with upward vertical and the 

velocity of the particle when it leaves the sphere.    
   

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
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Combined Maths  13 - II (Part B) 

11)  (a)  A motor car 𝐴 which moves with uniform velocity 𝑢 along a straight level road, passes a police check 

point 𝑋. After time 𝑇 from that instant a police car 𝐵 starts from rest at  𝑋 and moves with a uniform 

acceleration f along a level road parallel to it, to catch the car.  

After obtaining the velocity of  2𝑢 , the police car moves with the constant velocity.  Draw velocity 

time graphs for both motions in the same diagram. Hence when 𝐵 reaches its maximum velocity, show 

that the distance between two cars 𝐴 and 𝐵 is 𝑈𝑇. Also prove that the time taken for the motor car 𝐵 to 

pass the motor car 𝐴, from the moment which the motor car 𝐴 passes the check point  𝑋 is   2 (𝑇 +
𝑢

𝑓
).

    
 

     (b)     Two airports 𝐵 and 𝐶 are situated at equal distance 𝑑  due North and South of the airport 𝐴 respectively. 

On a day when there is a wind blowing with constant velocity 𝑣, in a direction making an angle  

𝜃  towards East from North, two planes moving with equal uniform velocity 𝑢 relative to wind, begin 

their journeys to 𝐵 and 𝐶 from 𝐴  at the same. 

   Using the principle of relative velocity draw the velocity triangles for both planes in the same diagram. 

   Hence show that  𝑡1  −   𝑡2  =   
2𝑑𝑣 cos𝜃

𝑣2−𝑢2  ,   here 𝑡1  and 𝑡2   are the time taken by two planes to complete 

above journeys  respectively. If both planes return to the airport 𝐴 again, deduce that they reach A at 

the same instant.  
          
 
 

 
12)  A smooth wedge of mass 𝑀 with vertical cross 

section 𝐴𝐵𝐶 is kept on a smooth horizontal table. A 

particle of  mass 𝑚 is placed on a face of the wedge 

inclined at an angle 𝛼  to the horizontal. As shown 

in the figure, a horizontal force 𝑃 is applied on the 

other face such that the face containing the particle 

moves forward. By applying the equations of motion 

for the system in the direction BA and for the 

particle in the direction 𝐶𝐴,  

   
     (i)    show that the acceleration of the wedge relative 

to the  earth is   
𝑃 − 𝑚𝑔 sin𝛼 cos𝛼

𝑀+𝑚 𝑠𝑖𝑛2 𝛼
 ' 

 

 (ii)   show that the acceleration of the particle relative to the wedge is   
(𝑀+𝑚)𝑔sin𝛼−𝑃 cos𝛼

𝑀+𝑚 𝑠𝑖𝑛2 𝛼
   

 

 (iii)  show that if      𝑃 ≤  
(𝑀+𝑚)𝑔 sin𝛼

𝑔 cos𝛼
  , the particle 𝑚  moves  upwards along the inclined plane or it    

       comes to rest on the plane.  

         
    

 (iv)    If the system is released gently, find acceleration of the wedge relative to earth and the acceleration 

of the particle relative to the wedge. Further show that the acceleration of the particle relative to the 

earth is     
𝑔 sin𝛼

𝑀+𝑚 𝑠𝑖𝑛2 𝛼
 {𝑀2+  𝑚 𝑠𝑖𝑛2 𝛼 (𝑚 + 2𝑀)}

1

2   .    
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13) (a) A smooth circular tube of  radius 𝑎 and center 𝑂 is fixed  in a vertical plane. A smooth particle of mass 

𝑚 is kept on the lowest point of the tube.  A velocity of  𝑢 is applied on the particle such that it moves 

in a vertical circular path. When the particle makes an angle 𝜃   with the downward vertical through the 

center,  show that the velocity 𝑣 of the particle is given by 𝑣2 = 𝑢2 + 2𝑎𝑔 cos𝜃  − 2𝑎𝑔    and the 

reaction 𝑅 on the particle 𝑚  by the tube is given by  𝑅 = 
𝑚

𝑎
 (𝑢2 + 3𝑔𝑎 cos 𝜃 − 2𝑔𝑎). 

If the particle leaves its circular motion, show that 2𝑎𝑔 <   𝑢2  <   5𝑎𝑔.     

Also show that 𝑢2 >   5𝑎𝑔 ,  if the particle completes its circular motion.   
 

 (b) A ship sails with uniform velocity 𝑢 in a straight path. A gun is fixed to the ship  making an angle 

𝜃   with the horizontal such that it aims the direction of motion of the ship. At a certain instant a bullet 

is released  from the gun with a velocity  √3 𝑢   so that it hit a castle of height ℎ which is at a horizontal 

distance 𝑑 from the gun. Assuming that the gun is in the level of sea, if the bullet hits castle, show that 

    𝑔𝑑2  +   2𝑢2  (1 + √3 cos 𝜃 )
2
ℎ − 2𝑢2√3𝑑  sin 𝜃 (1 + √3 cos 𝜃 ) = 0    

  
 

14)  (a)   𝑎   and  𝑏  are two non-zero, non-parallel vectors. When  𝛼   and  𝛽   are two scalars, prove that               

𝛼𝑎  +   𝛽𝑏  =   0 if and only if   𝛼 = 0   and  𝛽 =   0  .  
  

𝑂𝐴𝐵𝐶   is a parallelogram.   𝑂𝐴⃗⃗⃗⃗  ⃗   =   𝑎  and  𝑂𝐵⃗⃗ ⃗⃗  ⃗   =   𝑏 '  𝑀  and 𝑁  are  the midpoints of  𝐵𝐶  and 

𝐴𝐶  respectively.  Let  𝑂𝑃 =  𝜆 𝑂𝑁   and  𝐴𝑃 =  𝜇 𝐴𝑀  ^  𝜆  and 𝜇  are scalars&' Find the values of  
𝜆   and  𝜇 .  Also find the ratios  𝑂𝑃:𝑃𝑁   and  𝐴𝑃: 𝑃𝑀 .  
  

 
 (b)   A system of three coplanar forces (measured in Newtons) and their points of action are shown in the 

table below.   
 

Point of action Position vector Force 

A 3𝑖 + 2𝑗 4𝑖 + 2𝑗 

B (-3𝑖 + 0 𝑗 ) - 𝑖 - 𝑗 

C 2 𝑖 - 3 𝑗 -3𝑖 - 𝑗 

 
  Here  𝑖  and 𝑗  are the unit vectors along the axes 𝑂𝑋  and  𝑂𝑌  in the rectangular Cartesian coordinate 

plane respectively.  Lengths are measured in meters. 
 

  Mark the components of these three forces on the Cartesian coordinate plane indicating the coordinates 

of the points of action. 
 

  Show that the system is equivalent to a couple only. Find the additional force that should be applied for 

the system to be in equilibrium, other than the force   (
5

√2
 𝑖  +   

5

√2
 𝑗)  applied at the origin. Also find 

the point of action of that additional force.   
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15)  (a)       An uniform rod 𝐴𝐵   of length  2𝑎  and weight 𝑤  inclined at an angle  tan−1   4

3
    to the floor  rests 

in a vertical plane perpendicular to the wall with the end  𝐴  on a rough horizontal floor and the 

end 𝐵 against a rough vertical wall. The coefficient of friction between the rod and the floor and 

the rod and the wall is   
1

2
  .   

A horizontal force 𝑃 is applied at the point  𝐶 on the rod where 𝐴𝐶 = 
𝑎

4
   " so that the rod is in 

limiting equilibrium of slipping towards the wall. Show that  𝑃 = 
5𝑊

3
   . 

 (b)   The framework shown in the following figure is made by joining five light rods  
𝐴𝐵, 𝐵𝐶, 𝐴𝐶, 𝐶𝐷  and  𝐵𝐷  freely at their ends.  

 
 
 
 
 
 
 
 
 
 
 
 
  It is given that  𝐴𝐵 = 𝑎   and  𝐶𝐴̂𝐵 =  𝐶𝐵̂𝐷 =  600.  A weight of   10𝑁   is suspended from 𝐷 and 

the frame work is hinged to a vertical wall at 𝐴. The framework is kept in equilibrium in a vertical 

plane by a vertical force applied at 𝐵, so that rods 𝐴𝐵 and  𝐶𝐷 are horizontal and the rod  𝐵𝐶  is 

vertical. Find the value of  𝑃.  

  Draw a stress diagram using Bow's notation. Hence find the stresses in the five rods stating whether 

they are tensions or thrusts.  
 
 

16) (a) Four uniforms smooth rods 𝐴𝐵, 𝐵𝐶, 𝐶𝐷 and 𝐷𝐴 each of length 2𝑎 and weight 𝑤 are smoothly  

jointed at 𝐴, 𝐵, 𝐶 and 𝐷  so as to form a rhombus. The rods 𝐴𝐵 and 𝐶𝐷 are placed on two smooth 

pegs on the same horizontal level at a distance 2𝑙 apart such that the joint  𝐴 is above 𝐶 . A weight 

2𝑤  is hung at 𝐶.  The rhombus is kept in equilibrium symmetrically in a vertical plane with                

𝐵𝐴̂𝐷 =  120 0    
 

(i)  Find the reaction on a rod by a peg.  
  

  (ii)  Show that the reaction at the joint 𝐵 is  
√43  𝑤

 2
  and find the inclination of the reaction to the  

horizontal.   
  
(iii)  Also show that  𝑙 =  √3 𝑎.   
 

 (b) The end  𝐴  of an uniform rod  𝐴𝐵  of  weight  𝑤  and length  2𝑎  is hinged freely to a vertical wall 

and the end  𝐵  is a attached to a point 𝐶 on the wall by a means of a light inextensible string of 

length 2𝑎.  𝐶 is a point on the wall at a height  𝑑(< 4𝑎)  vertically above  𝐴.   The rod is in 

equilibrium in a vertical plane perpendicular to the wall.     
 

(i)   Show that the tension in the string is  
𝑊𝑎

𝑑
  '  

  

(ii)  Show that the reaction of the hinge 𝐴 is   (
2 𝑎2 +  𝑑2

2
)

1

2
   

𝑤

𝑑
  . 

 
(iii)  Find the angle made by the reaction of the hinge at  𝐴  with the horizontal.  
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17) (a)  An engine of a train with mass 200 metric tonnes moves along a straight level road with a constant 

velocity of   72 𝑘𝑚ℎ−1   against a constant resistance of  30 000𝑁.  Find the power of the train engine 

in kilowatts.  

 

Then  another cabin of mass 100 metric tonnes is connected to the engine by a connecting rod and it is 

pulled along the same road. The resistance against the engine remains unchanged  and the resistance of 

the cabin is 10000𝑁. If the engine works with the same power, find the acceleration of the train and 

the tension of the connecting rod when the velocity of the train is  36 𝑘𝑚ℎ−1 .  
 

Subsequently the train with the cabin climb up a hill inclined at  𝑠𝑖𝑛−1 (
1

30
)  with the same power under 

the same resistive forces with an acceleration of  
1

10
 𝑚𝑠−2  .  Then show that the velocity of the rain is 

15

4
 𝑚𝑠−1  '  ^The  acceleration due to gravity is  10 𝑚𝑠−2 &  

 
 

 (b)   Two smooth spheres 𝐴 and 𝐵 with the same radii moves in the same direction on a smooth horizontal 

table and collide directly. The masses of 𝐴 and 𝐵 are 3𝑚 and 2𝑚 respetively. Also the velocities of 𝐴 

and 𝐵 are 2𝑢 and 𝑢 respectively. The coefficient of restitution between the spheres is 𝑒. After the 

collision find the velocities of the spheres. 

 

      Show that the impulse     𝐽 =   
6𝑚𝑢 (1+𝑒)

5
  . 

 

  Also show that the loss of kinetic energy due to collision is   
𝐽

2
 (1 − 𝑒)𝑢 . 
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