MATHEMATICS - 1995
(SET II - DELHI)

Time allowed : 3 hours Maximum marks : 100
SECTION- A

Question numbers 1 to 15 carry 2 marks each. 
Q.1 Prove:
                1-cos    = (cot-cosec )2
                1+cos 
Sol. L.H.S 
      = 1- cos = 1- cos  1-cos
         1+ cos   1+cos   1-cos
       = (1-cos)2 = (1-cos)2
          1-cos2         sin2
       = (1-cos2) =( 1 - cos )2
            sin    sin . sin 
       = (cosec - cot)2
        = [ -(-cosec+cot ) 2]
        = (cot  -cosec)2 = R.H.S
Q.2 Express cos 75° + cot 75° in terms of angles between 0° and 30°.
        Sol. Cos 75° + cot 75°
                 = sin (90°-75°) + tan (90°-75°)
                  = sin 15° + tan15°
Q.3 For what values of k, the following system of equations have a unique solution?
             2x + ky = 1, 3x - 5y = 7
        Sol. a1 =2, b1 = k, c1 = 1
                a2 = 3, b2= -5, c2= 7
             For a unique solution
 a1/a2  b1/b2 2/3  k/-5
   3k  -10k  -10/3
Q.4 If A = x+1 x, Find A+1
                    x                A      
         Sol. A = x+ 1  A= x2 +1 
                          x            x
                      1/A = x/2+1 

         Now A+ 1/A = x2+1/x + x/2+1

          = (x2+1)2 + x2
              x(x2 +1)

         = x4 + 2x2 + 1 + x2 = x4 + 3x2 +1
               x3 + x                     x( x2+1)
Q.5 Express the following expression in the lowest term: 9x2-16 
        3x2 - 7x + 4
Sol. Numerator = 9x2 -16 Denominator = 3x2 -7x + 4 
      = (3x)2 - (4)2                                 = 3x2 - 3x - 4x + 4
       = (3x+4) (3x-4)                              = 3x(x-1) -4 (x-1) = (x-1) (3x-4)
 Rational exp. (3x+4) (3x-4)                 = 3x+4 /x+1
                          (x-1) (3x-4)                     
Q.6 Find the Value of : 
(sin 35° )2 +( cos 55° )2 - 2 cos 60°
cos 55°        sin 35° 
Sol. = (sin 35°) 2 + sin (90° -55°) 2 - 2 cos 60°
          sin (90° -55° )     sin 35° 

=( sin 35° )2 +( sin 35°) 2 - 2 cos 60°
      sin 35°       sin 35° 

= (1)2 + (1)2 - 21/2 = 1+1-1 =1
Q.7 If (4a + 7b) (4c - 7d) = (4a -7b) (4c + 7d) Prove that a = c
                                                                                     b   d
      Sol. (4a + 7b) (4c - 7d) = (4a - 7b) (4c + 7d)
    4a + 7b = 4c + 7d
        4a - 7b    4c - 7d
        By componendo and dividendo
         4a + 7b + 4a -7b= 4c + 7d + 4c- 7d
        4a + 7b - 4a +7b   4c + 7d - 4c + 7d
or 8a = 8c or a = c ……..(proved)
   14b  14d     b   d 
Q.8 The price of a T.V. set inclusive of sales tax is Rs. 13,530. If the rate of sales tax 
is 10% ,find its basic price. 
Sol. S.P (including S.T. ) = Rs. 13,530
Rate of S.T. = 10%
Let the basic price = Rs. x
S.T. 10% = x 10 = x
                   100 10
S.P. including S.T. = x+ x/10 = Rs. 13,530
                                
   11x/10 = Rs. 13530

 x = 13530 10 = Rs. 12300
              11
Price of T.V. set = Rs. 12300
Q.9 In given  ABC, DE ¦ BC and AD = 3
                                                 DB    5
If AC = 5.6 cm, find AE.
Sol. Given.  ABC in which DE ¦ BC 
And AD/DB = 3/5 cm, AC = 5.6 cm.

To find. AE = 
Proof. Let AE =x
Then EC = AC - AE = 5.6 - x
Since DE ¦BC in  ABC, AD = AE
                                        DB    EC
 3/5 = x/ 5.6-x or 16.8 - 3x = 5x

or -3x-5x =16.8
or -8x = -16.8 x = AE = 2.1 cm
Q.10 In figure 2, two chords AB and CD of a circle intersect each other at O. If AO = 8 cm, CO = 6 cm and OD = 4 cm, find OB.
Sol. AOOB = COOD
        8 OB = 6 4
          8OB = 24
               24
       OB = 8
        OB = 3cm

Q.11 A horse is tethered to one corner of a rectangular grass field 40m by 24m by a rope 14 m long. Over how much area of the field can it graze? (use = 22/7)
Sol. The horse can graze the are in the shape of sector (as shown in figure) 
	




Where r =14 m, and  = 90°
Area of sector =  r2
                      360
= 90  22 14 14 = 154 m2 
  360       7
Q.12 Find the area of a right-angled triangle if the radius of its circumcircle is 2.5 cm and the altitude drawn to the hypotenuse is 2 cm long.
Sol. The hypotenuse of right angled triangle is the diameter of its circumcircle.
	



Hypotenuse = 2.5 2 = 5 cm.
Altitude hypotenuse = 2 cm
 Area of triangle = 1/2 AC BD 

= 1/2  5 2 = 5 cm2
Q.13 Find the median of the following numbers:
35,15,37,87,65,56,17,3,52,39.
Sol. Numbers in ascending order
      3,15,17,35,37,39,52,56,65,87
       n = 10 (even) 
       Median = 5th item +6th item
                        2
         = 37+39 
                2
        = 76 = 38
            2
Q.14 Write an algorithm for finding the perimeter of a triangle whose sides are a, b and c.
Sol. Algorithm
1. Obtain the value of a, b, c.
1. Calculate : P = a + b + c.
1. Write the value of P as the perimeter.
1. Stop.
Q.15 Read the following flow chart and state what it does.
Sol. This flow chart shows the method of finding the average (mean) of 4 given numbers 
a, b, c, d.
SECTION-B
Question numbers 16 to 30 carry three marks each.
Q.16 Prove:

cos +   cos = 2 sec
1- sin  1+ sin
Sol. L.H.S. = cos  + cos 
                    1-sin   1+sin
= cos +(1+sin) + cos (1-sin)
           (1- sin ) (1+sin )
= cos + cos sin+cos -cos sin
                1-sin2
= 2 cos  = 2 = 2 sec  = R.H.S
   cos2    cos
Q.17 A vertically straight tree, 15m high, is broken by the wind in such a way that its top just touches the ground and makes an angle of 60° with the ground. At what height from the ground did the tree break? (Use 3 =1.73)
Sol. 
	


The height of tree AB = 15 m
It broke at C. Its top A touches the ground at D.
Now AC = CD,BDC = 60°
BC = ?
Let BC = x
AC = 15-x
CD = 15-x
In right triangle BCD,
BC = sin 60°
CD 
x =3
15-x 2
2x = (15-x)3
2x= 15 3 -3x
2x+3x = 153
x(2+3) = 153
x = 153 = 153  2-3 
        2+3 2+3   2-3
= 303 -153 = 30 1.73-45 
        4-3                         1
x = 51.9 - 45 = 6.9m.
               1
 The tree broke at 6.9 meters from the ground.
Q.18 Simplify:
(x  - y )( y  - z) ( z - x)
y     x    z    y    x   z
(1 -  1 ) (1 -  1)  ( 1 -  1 )
x2  y2   y2  z2   z2   x2
Sol. 
(x2 - y2)( y2 -  z2)  ( z2 -  x2)
    xy           zy           xz

(y2 - x2)( z2 - y2)( x2 - z2) 
 x2 y2      y2z2       z2x2

     1 1  1 
= yx zy xz 
    ( -1  )   (     -1)    (       -1)
    x 2 y2    y2z2      z2 x2 

= -x2 y2 y2z2 z2x2
       xy       yz       zx
= -xy.yz.zx = -x2 y2 z2
Q.19 Factorise:
a2(b+c) +b2(c+a) +c2(a+b) +2 abc
Sol. a2 (b+c) + b2 (c+a) + c2 (a+b) + 2abc
= a2(b+c) + b2c + b2a + c2a + c2b + 2abc
= a2(b+c) + b2a + c2a + 2abc + b2c + c2b
= a2 (b+c) + a(b2+c2+2bc) + bc (b+c)
= a2(b+c) + a(b+c)2 + bc(b+c)
= (b+c)[ a2+a (b+c) + bc] 
= (b+c) [a2 + ab + ac + bc]
= (b+c) [ a(a+b) + c(a+b)]
= (a+b) (b+c) (c+a)
Q.20 Solve the following system of equations graphically:
2x + 3y = 8, 4x + 3/2 y =7

Sol. Equation I Equation II
2x + 3y = 8, 4x +3/2 y = 7

2x = 8-3y 4x = 7-3/2 y

x = 8-3y/2 x = 14-3y
                         8
Table-I 
	x
	4
	1
	2

	y
	0
	2
	4


(4,0), (1,2), (-2,4)
Table-II
	x
	1
	4
	-2

	y
	2
	-6
	10


(1,2) , (4, -6) (-2,10)

	




by plotting the points and joining them, the lines intersect at (1,2)
x = 1, y = 2
Q.21 The sum of the ages (in years) of a son and his father is 35 and the product of their ages is 150. Find their ages.
Sol. The sum of ages = 35 years
Let the age of son = x years
The age of father = (35-x) years
Product = x( 35-x) =150
or 35x - x2 = 150
or x2 - 35x +150 = 0
or x2- 30x - 5x +150 = 0
or x(x-30) -5 (x-30) = 0
or (x-30) (x-5) = 0
or x-30 = 0 x-5 = 0
or x =30 x = 5
If the age of son is 30 years, then the age of father = 5 years (Impossible)
If the age of son is 5n years, then the age of father = 30 years
The age of father = 30 years
And the age of son = 5 years
Q.22 In Fig. 3, ABCD is a cyclic quadrilateral whose side AB is a diameter of the circle through A, B, C, D. If mADC = 130°, find mBAC.
	



Sol. D + B = 180°
(opposite angles of a cyclic quad.)
AsD = 130°  B = 180° - 130° = 50°
ACB = 90° (Angle in semicircle)
Sum of three angles of a is always 180°
In ABC,  BAC + ABC + ACB = 180°
 BAC + 50° + 90° = 180°
 BAC = 180° - 90° - 50° = 40°
Q.23 In fig 4, two circles intersect each other at P and Q. From P, diameters PA and PB are drawn to the two circles. Show that A, Q, B are collinear.
	


Sol. Two circles with centres O1 and O2 respectively. They intersect each other at points P 
and Q. 
AP and PB are the diameters of the circle.

To prove. A, Q and B are collinear.
Construction. Join AB.
Proof. AP is diameter of circle with centre O1 
 PQA = 90° (angle in semi- circle)
Similarly PB is diameter of circle with centre O2
 PQB = 90°
 PQA +  PQB = 90° + 90° = 180°
 AQB is a straight line 
So, A, Q and B are collinear.
Q. 24 Two right triangles ABC and DBC are drawn on the same hypotenuse BC and on the 
Same side of BC. If AC and DB intersect at P.
Prove that APPC = BPPD. 
Sol. Two rt. DABC and DDBC having common hypotenuse BC.
Also AC and BD intersect at point P.
	


To prove. AP  PC = BPPD
Proof. In DAPB and DDPC
BAP =CDP (each = 90°)
APB =DPC
(Vertically opposite angles)
ABP =DCP
(  Sum of angles of a D=180°
APBDPC (AAA similarity)
 AP = BP = AB
      PD   PC      DC
Consider AP = BP 
               DP   PC
AP PC = PD BP.
Q.25 Flow- chart. Omitted being. Out of syllabus.
Q.26 Assuming that the consumption remains the same, find the cost of living index number for the year 1995 (using 1990 as the base year) from the following data:

Commodity Consumption
in kg. Rate per kg (in Rs.)
	Commodity
	Consumption in kg. 
	Rate per kg (in Rs.)

	 
	 
	1990
	1995

	A
	8
	30.00 
	45.00 

	B
	5
	18.00
	16.00 

	C
	12
	6.00
	11.50 

	D
	40
	9.00
	15.00 

	E
	18
	10.00
	15.00 


	Commodity
	Consumption in kg. 
(q0) 
	Rate per kg (in Rs.)
	p0q0 
	p1q 0 

	
	
	1990 (p0) (p1)
	 1995
(p1)
	
	

	A
	8
	30.00
	45.00
	240.00 
	360.00 

	B
	5
	18.00
	16.00
	90.00 
	80.00 

	C
	12
	6.00
	6.00
	72.00
	138.00 

	D
	40
	9.00
	15.00 
	360.00
	600.00

	E
	18
	10.00
	15.00
	180.00
	216.00

	 
	 
	 
	 
	P0Q0 = 942.00 
	P1Q0 =1394.00 


 

Cost of Living Index =p1q0 100
                               p0q0
= 1394 100
    942
= 147.9
Q.27 Find the mean of the following frequency distribution:
	Class Interval
	0-10
	10-20
	20-30
	30-40
	40-50
	50-60

	Frequency
	7
	5
	6
	12
	8
	2




Sol. 
	Class Interval 
	Frequency fi
	Mid Point xi) 
	Product fixi

	0-10
10-20
20-30
30-40
40-50
50-60 
	7 
5
6
1
2
8
2 
	5
1
5
2
5
3
5
4
5
55 
	35
7
5
1
50
420
360
110 

	 
	n= 40
	 
	fixi = 1150






Mean  x =fixi = 1150 = 28.75
                      n       40                   
Q.28 Three cubes each of side 5cm are joined end to end. Find the surface area of the resulting cuboid.
Sol. 
	


Side of each cube = 5 cm
 Length of resulting cuboid = 15 cm
Breadth of the resulting cuboid = 5cm
Height of the resulting cuboid = 5 cm
Total surface area of cuboid = 2(1b + bh + h1)
= 2(15 5 + 55 + 5  15)
= 2(75 + 25 + 75) = 2 175 = 350cm2
Q.29 The dimensions of a metallic cuboid are 100 cm0cm.  64 cm. It is melted and recast into a cube. Find the surface area of the cube.
Sol. Volume of cuboid = 100 80 64 cm3
= 512000 cm3
This is equal to the volume of the cube
Volume of cube = edge3
Edge3 = 5120003
 Edge = (512000)1/3 = 80 cm
 Surface area of the cube = 6  edge2
= 6 80 80 = 38400 cm2
Q.30 An incomplete flow chart is given below. Complete the flow chart in order to find the nature of the roots of a quadratic equation
ax2 + bx + c = 0 (a0)
Sol. Flow-chart. Omitted being, out of Syllabus. 
SECTION - C
Question numbers 31 to 35 carry 5 marks each.
Q.31 The speed of a boat in still water is 15 km/hr. It can go 30 km upstream and return downstream to the original point in 4 hours and 30 minutes. Find the speed of the stream.
Sol. Let the speed of the stream = x km/hr.
The speed of the boat in still water = 15 km/hr.
Speed of boat in downstream = (15 + x) km/h.
Speed of boat in upstream = (15 - x) km/h.
Distance = 30 km.
Time taken by boat in upstream = 30 hours
                                                15-x 
Time taken by boat in downstream = 30 hours
                                                   15+x 
Total time taken = 30 + 30 
                           15-x 15+x
= 4 hours 30 minutes
30(15 + x) + 30(15 - x) = 4 1/2
      (15 - x) (15 + x) 
450 + 30x + 450 - 30x = 9/2
           225 - x2
900/225 - x2 =9/2
1800 = 2025 - 9x2  9x2 = 225
 x2 = 25x = + 5
The speed of stream = 5 km/hr.
Q.32 Solve for x:
6 (x2 + 1) - 25( x - 1) + 12 = 0
        x2               x 
Sol.
6 (x2+ 1) - 25( x - 1) + 12 = 0 
           x2            x  

Let x-1 = y ……………..(i) 
        x 
By squaring 
x2 +1 -2 = y2
     x2
 x2+ 1 = y2 +2
          x2 ……………..(ii)
Putting the values in given equation
6(y2 + 2) - 25y +12 = 0
 6y2 + 12 - 25y +12 = 0
 6y2 - 25y + 24 = 0
 6y2 - 16y - 9y + 24 = 0
 2y(3y - 8) -3(3y - 8) = 0
 (2y - 3) (3y - 8) = 0
 2y - 3 = 0 or 3y - 8 = 0
 2y = 3 or 3y = 8
 y = 3 /2or y = 8/3

Again putting the values of y in (i), we get
Solving x - 1/x = 8
x 3 …………..(i)
x2 -1 = 8/ 3 
x
3x2 - 3 = 8x
3x2 - 8x - 3 = 0
3x2 - 9x + x - 3 = 0
3x(x - 3) + 1(x - 3) = 0
(x - 3) (3x + 1) = 0
x - 3 = 0, 3x + 1 = 0
x = 3 or 3x = -1
x = 3 or x = -1/3

Solving x - 1/x = 3
x2 ………………(ii)
x2 -1 = 3
x 2
2x2 - 2 = 3x
2x2 - 3x - 2 = 0
2x2 - 4x + x - 2 = 0
2x(x - 2) + 1 (x - 2) = 0
(x - 2) (2x + 1) = 0
x - 2 = 0 , 2x + 1 = 0
x = 2 , x = -1/2

x = 2 , -1/2, 3, -1/3
Q.33 State and prove Pythagoras Theorem. 
Sol. 

Q.34 Construct a triangle ABC in which AB = 6cm, AC = 5.5 cm and mB=60°. Draw the circumcircle of the ABC. Write the steps of construction.
Sol. Steps of Construction
1. Draw AB = 6 cm and make an angle BAM =60°
2. Cut of AC = 5.5cm on AM. Join BC. DABC is the required triangle.
diagram 
3. Draw perpendicular bisectors of AB and BC. Both intersect at O.
4. Taking O as centre and OA as radius draw a circle, which passes through A, B and C.
This circle is the required circumcircle.
Q.35 A solid is in the form of a cylinder with hemispherical ends. The total height of the solid is 19 cm and the diameter of the cylinder is 7 cm. Find the volume and total surface area of the solid. (Use = 22/7)
Or
Ashish has a total income of Rs. 1,15,000 excluding H.R.A. during the year. He pays a premium of Rs. 7,000 towards L.I. C. annually and contributes Rs. 2,500 per month towards G.P.F. Calculate the income-tax Ashish has to pay on his income during the financial year.
Assume the following rates:
(a) Standard deduction: 1/3 f total income subject to a maximum of Rs. 15,000
(b) Rate of a tax on individual taxable income. 
Slab                                                               Tax
i) Upto Rs. 35,000                                             No tax
ii) Rs. 35,001 to Rs. 60,000 20%       of the amount exceeding Rs. 
                                                            35,000
iii) Rs. 60,001 toRs. 1,20,000 Rs. 5,000 +30% of the amount 
                                                             exceeding Rs. 60,000
(c) Reduction in tax                                           20% of total savings or
Rs. 12,000                                                       whichever is less
Sol. Diameter of cylinder = 7 cm
 Radius of cylinder = 3.5cm
 Radius of each hemispherical end = 3.5 cm
Height of solid = 19 cm
 Height of cylinder = 19-(3.5+3.5)
= 19-7 =12 cm
	



Volume of cylinder = r2h
= 22/7 7/2 7/212 = 462 cm3

Volume of each hemispherical end = 2/3 r3
= 222/77/27/27/2 = 539/6 cm3

Total volume of solid = 462 + 539/6 +539/6
= 2772+539/6+539/6 = 3850


= 641.67 cm3
Curved surface area of cylinder = 2rh
= 2 22/7 7/2  12 = 264 cm2

Curved surface area of each hemispherical end = 2r2
= 222/7 7/2 7/2 = 77 cm2

Total surface area of solid = 264 + 77 + 77= 418 cm2
 Volume of solid = 641.67 cm3
And Total surface area of solid = 418 cm2
