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Question 1:        [12] 

Question 1: Select and write the correct answer from the given alternatives in each of 

the following sub-questions:     [6] 

Question 1.1.1:        [3] 

 

Solution:  

 

Question 1.1.2:       [3] 

 

Solution:  



 

 

Question 1.1.3: If a line makes angles 90°, 135°, 45° with the X, Y, and Z axes 

respectively, then its direction cosines are _______.  [3] 

  

Solution: 

 

Let α, β, γ be the angles made by the line with positive directions of X, Y, Z axes 

respectively. 

α = 90°, β = 135°, γ = 45° 

 l = cos 90°, m = cos 135°, n = cos 45° 

Now, m = cos 135° = cos(180° – 45°) 

 

Question 1.2: Attempt any THREE of the following:  [6] 

Question 1.2.1:       [2] 



 

Solution:  

 

Question 1.2.2: If a line makes angles α, β, γ with co-ordinate axes, prove that cos 2α + 

cos2β + cos2γ+ 1 = 0.     [2] 

Solution 1: Consider cos 2α + cos2β + cos2γ+ 1 

 

Solution 2: L.H.S: cos 2α + cos2β + cos2γ + 1 

 

Question 1.2.3: Write the negations of the following statements:    [2] 



 

Solution:  

 

Question 1.2.4: Find the angle between the lines whose direction ratios are 4, –3, 5 and 

3, 4, 5.         [2] 

Solution: Let θ be the acute angle between the lines whose direction ratios are 4, –3, 5 

and 3, 4, 5. 

Then, 

 

Question 1.2.5: If  are position vectors of the points A, B, C respectively such that 

 find the ratio in which A divides BC.  [2] 

Solution:  



 

 

Question 2:        [14] 

Question 2.1 | Attempt any TWO of the following:  [6] 

Question 2.1.1:       [3] 

 

Solution:  

 



Question 2.1.2: Write the converse, inverse and contrapositive of the following 

statement. “If it rains then the match will be cancelled.” [3] 

Solution: Let 

p : It rains, 

q : the match will be cancelled. 

The symbolic form of the given statement is p → q. 
Converse: q → p 
i.e., If the match is cancelled then it rains. 
Inverse: ~p → ~q 
i.e., If it does not rain then the match will not be cancelled.  
Contrapositive: ~q → ~p 
i.e. If the match is not cancelled then it does not rain. 

Question 2.1.3: Find p and q, if the equation  represents 

a pair of perpendicular lines.     [3] 

Solution:  

 



 

 

Question 2.2 | Attempt any TWO of the following:   [8] 

Question 2.2.1: Find the equation of the plane passing through the intersection of the 

planes 3x + 2y – z + 1 = 0 and x + y + z – 2 = 0 and the point (2, 2, 1). [4] 

Solution: The equation of plane passing through the intersection of the planes 3x + 2y – 

z + 1 = 0 and x + y + z – 2 = 0 is 

 

Question 2.2.2: Let  be any two points in the space and  be a point on 

the line segment AB dividing it internally in the ratio m : n, then prove that  

Hence find the position vector of R which divides the line segment joining the 

points A(1, –2, 1) and B(1, 4, –2) internally in the ratio 2 : 1. [4] 



Solution:  

 

Consider a line segment AB.  

Let R be any point on it such that point R divides AB internally in the ratio m : n. 
bar(OA) = bara, bar(OR) = bar and bar(OB) = barb are the position vectors of points A, R, 
B respectively. Since point R divides AB internally in the ratio m : n, 

 

 



Question 2.2.3: The angles of the ΔABC are in A.P. and b:c=   
[4] 

Solution:  

 

 

Question 3:        [14] 

Question 3.1: Attempt any TWO of the following:  [6] 

 Question 3.1.1: Find the cartesian equation of the line passing through the points A(3, 

4, -7) and B(6,-1, 1).       [3] 



Solution:  

 

Question 3.1.1: Find the vector equation of a line passing through the points A(3, 4, –
7) and B(6, –1, 1).         
 

Solution: The vector equation of a line passing through the points having position 

vectors  is given  

 

Question 3.1.2: Find the general solution of the equation sin 2x + sin 4x + sin 6x = 0  [3] 



Solution:  

 

 

Question 3.1.3: find the symbolic form of the following switching circuit, construct its 
switching table and interpret it.         [3] 

 

Solution: Let 

p: The switch S1 is closed, 
q: The switch S2 is closed. 

Switching circuit is (pv~q)v(~p∧q) 

The switching table 



 p  q  ~p  ~q  pv~q  ~p∧ q  (pv~q)v(~p∧q) 

 1  1  0 0  1 0  1 

 1  0  0  1  1 0  1 

 0  1  1  0 0  1  1 

 0  0  1  1  1 0  1 

From the last column of switching table we conclude that the current will always 
flow through the circuit. 

Question 3.2: Attempt any TWO of the following:  [8] 

Question 3.2.1:        [4] 

 

Solution:  

 

 



 

 

 

Question 3.2.2: A company manufactures bicycles and tricycles each of which must be 

processed through machines A and B. Machine A has maximum of 120 hours available 

and machine B has maximum of 180 hours available. Manufacturing a bicycle requires 

6 hours on machine A and 3 hours on machine B. Manufacturing a tricycle requires 4 

hours on machine A and 10 hours on machine B. 

If profits are Rs. 180 for a bicycle and Rs. 220 for a tricycle, formulate and solve the 

L.P.P. to determine the number of bicycles and tricycles that should be manufactured in 

order to maximize the profit.       [4] 



Solution: Let x number of bicycles and y number of tricycles be manufactured by the 
company. 
Total profit Z = 180x + 220y 
This is the objective function to be maximized.  
The given information can be tabulated as shown below: 

  Bicycles (x) Tricycles (y) Maximum availability 
of time (hrs) 

Machine A 6 4 120 
Machine B 3 10 180 

The constraints are 6x + 4y ≤ 120, 3x + 10y ≤ 180, x ≥ 0, y ≥ 0 

Given problem can be formulated as  

Maximize Z = 180x + 220y 

Subject to, 6x + 4y ≤ 120, 3x + 10y ≤ 180, x ≥ 0, y ≥ 0. 

To draw the feasible region, construct the table as follows: 

Inequality 6x + 4y ≤ 120 3x + 10y ≤ 180 
Corresponding equation (of line) 6x + 4y = 120 3x + 10y = 180 
Intersection of line with X-axis (20, 0) (60, 0) 
Intersection of line with Y-axis (0, 30) (0, 18) 
Region Origin side Origin side 

Shaded portion OABC is the feasible region, whose vertices are O=(0, 0), A =(20, 0), B 
and C = (0, 18) 

 

B is the point of intersection of the lines 3x + 10y = 180 and 6x + 4y = 120. 

Solving the above equations, we get 
B = (10, 15) Here the objective function is, 

Z = 180x + 220y 



Z at O(0, 0) = 180(0) + 220(0) = 0 
Z at A(20, 0) = 180(20) + 220(0) = 3600 
Z at B(10, 15) = 180(10) + 220(15) = 5100 
Z at C(0, 18) = 180(0) + 220(18) = 3960 

Z has maximum value 5100 at B(10, 15) 
Z is maximum when x = 10, y = 15 

Thus, the company should manufacture 10 bicycles and 15 tricycles to gain maximum 
profit of Rs.5100. 

Question 3.2.3:         [4] 

 

Solution:  



 

 



 

 

Question 3.2.3: find the acute angle between the lines   [4] 
x2 – 4xy + y2 = 0. 

Solution:  

 

Question 4:        [12] 

Question 4.1 | Select and write the correct answer from the given alternatives in each 
of the following sub-questions:     [6] 

Question 4.1.1:        [3] 

Given f (x) = 2x, x < 0 
                 = 0, x ≥ 0  
then f (x) is _______ . 
discontinuous and not differentiable at x = 0 
continuous and differentiable at x = 0 
discontinuous and differentiable at x = 0 
continuous and not differentiable at x = 0 

Solution: continuous and not differentiable at x = 0 

solution: 



f (x) = 2x, x < 0 

      = 0, x ≥ 0  

 

Question 4.1.2:      [2] 

 

Solution:  

 



Question 4.1.3:      [2] 

The function f (x) = x3 – 3x2 + 3x – 100, x∈ R is _______. 
(A) increasing 
(B) decreasing 
(C) increasing and decreasing 
(D) neither increasing nor decreasing 

Solution:  

 

Question 4.2: Attempt any THREE of the following: [6] 

Question 4.2.1: Differentiate 3x w.r.t. log3x  [2] 

Solution:  

 

Question 4.2.2: Check whether the conditions of Rolle’s theorem are satisfied by the 
function f (x) = (x - 1) (x - 2) (x - 3), x ∈ [1, 3]  [2] 

Solution:  



 

As f(x) is a polynomial function, it is continuous and differentiable everywhere on its 
domain. Thus, 
a. f(x) is continuous on [1, 3] 
b. f(x) is differentiable on (1, 3) 

Further, f(1) = 0 and f(3) = 0 
∴ f(1) = f(3) 

Thus, all the conditions of Rolle’s theorem are satisfied. 

Question 4.2.3:     [2] 

 

Solution:  

 

 



Question 4.2.4: Find the area of the region bounded by the curve x2 = 16y, lines y = 2, y = 
6 and Y-axis lying in the first quadrant.    [2] 

Solution:  

 

y varies from y = 2 to y = 6. 
Equation of parabola x2 = 16y 

 

Question 4.2.5: Given X ~ B (n, p)    [2] 
If n = 10 and p = 0.4, find E(X) and var (X). 

Solution: Given, n = 10, p = 0.4 
q = 1 – p = 1 – 0.4 = 0.6 
Now, E(X) = np = 10 x 0.4 = 4  
Var(X) = npq = 10 x 0.4 x 0.6 = 2.4 

Question 5:       [15] 

Question 5.1 | Attempt any TWO of the following: [6] 

Question 5.1.1:      [3] 

 

Solution: 



 

Question 5.1.2: The probability mass function for X = number of major defects in a 
randomly selected appliance of a certain type is   [3] 
 
X = x 0 1 2 3 4 
P(X = x) 0.08 0.15 0.45 0.27 0.05 

 
Find the expected value and variance of X. 
 
Solution:  

 

 



Question 5.1.3: Suppose that 80% of all families own a television set. If 5 families are 
interviewed at random, find the probability that     [3] 
a. three families own a television set. 
b. at least two families own a television set. 

Solution: X = Number of families who own a television set. 
P = Probability of families who own a television set. 

 

 

 

Question 5.2 | Attempt any TWO of the following: [8] 



Question 5.2.1: Find the approximate value of cos (60° 30'). [4] 
(Given: 1° = 0.0175c, sin 60° = 0.8660) 

Solution:  

 

Question 5.2.2: The rate of growth of bacteria is proportional to the number present. If, 
initially, there were 1000 bacteria and the number doubles in one hour, find the number 
of bacteria after 2½ hours.        [4] 

 

Solution: Let ‘N’ be the number of bacteria at time ’t ’ 



 

 

Question 5.2.3:      [4] 

 

Solution 1:  



 

 

Solution 2: We shall use the following results : 

 



 

 



Question 6:       [12] 

Question 6.1 | Attempt any TWO of the following [6] 

Question 6.1.1:       [3]  

 

Solution: Since f is continuous on [-4, 2], 

f is continuous on x = -2 

 

Question 6.1.2:     [3] 

 

Solution:  

 



 

 

Question 6.1.3: Probability distribution of X is given by    [3] 
 
X = x 1 2 3 4 
P(X = x) 0.1 0.3 0.4 0.2 

 
Find P(X ≥ 2) and obtain cumulative distribution function of X 
 
Solution: By definition cumulative distribution function at x is 

 
X = x 1 2 3 4 

P(X = x) 0.1 0.4 0.8 1 

 



 
Question 6.2 | Attempt any TWO of the following  [8] 

Question 6.2.1: If y = f (x) is a differentiable function of x such that inverse function x = 
f –1(y) exists, then prove that x is a differentiable function of y and  [4] 

 

Solution: ‘y’ is a differentiable function of ‘x’. 
Let there be a small change δx in the value of ‘x’. 
Correspondingly, there should be a small change δy in the value of ‘y’. 

 

 



 

 

Question 6.2.2:     [4] 

 

Solution:  

 



 

Question 6.2.3:    [3] 

 

Solution:  

 

 


