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Q1. [3+3+3=9]

(a) Find the real numbers z, y, and z such that the matrix

2 z—y+z zx+y+z
A= 10 5 0
0 4x+2y+=z2 7

is symmetric.

(b) Determine the invertibility of the matrix
2 00
A=10 1 0
0 0 3

and then find the matrix B satisfying the equation BA = A? + 3A.

(c) Let
31 A—-6 X-3
1 2 1 0
2 3 1 -1

be the augmented matrix of a system of linear equations. Find the value of A\ that makes the linear
system inconsistent.

Q2. [3+3+3=9]

Let A(1,1,0), B(—1,2,1), C(0,2,—1), and D(3,1,1) be four points in the space.

(a) Find the equation of the plane passing through A, B, and C.

(b) Find the area of the triangle ABC.

(¢) Find the volume of the box ABCD.

Q3. [3+3+3=9]

(a) Let C be the curve with parametric equations: = = sint + cost, y = (sint)e’, z = cost. Find
parametric equations for the tangent line to C' at P(1,0,1).

(b) If r(t) = ((t — 1)%,2¢,Int), (3 < ¢ < 2) is the position vector of a moving point P, then find its
velocity, speed and acceleration at ¢t = 1.

(c) Find the tangential and normal components of acceleration for the position vector given by
r(t) = (cost,sint,e”*) at t = 0.

Q4. [2+2+3+3+3=13]

(a) If w=e""cosy + e ¥ cosx, then show that ‘3273 + 227‘;’ =

(b) If u = In(z 4 y) with z = e=" and y = t*> — t> + 5, use chain rule to find %%.

(c) Find the directional derivative of f(x,y) = 2% — 5xy + 3y? at the point P(3, —1) in the direction
of the vector a =1+ j.

(d) If f(z,y) = 2® + 32y — v, find the local extrema and saddle points of f.

(e) Use Lagrange multipliers to find the minimum value of f where f(z,y, z) = 2% +y*+ 22 subject

to the constraint x —y 4+ z = 1.
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Q1. 3+3+3=9 (a) Since the given matrix is symmetric, we have: x —y+2=0; 2 +y + z = 0;
4x + 2y + z = 0. Solving these homogeneous linear system, one obtains: x =y =z = 0.

(b) The |A| = 6 # 0, the matrix is invertible. Now,

5
B=A+3I= |0
0

S B~ O

0
0
6

(¢) By applying elementary row operations on the augmented matrix, we get

1 2 1 0
0 1 1 1
0 0 N—4 X+2

Hence, A = 2 makes the given system inconsistent.

Q2. 3+3+3=9 (a) AB=(-2,1,1),and AC = (—1,1,—1). So, ABxAC = (—2,—3,—1). Hence,
the equation of the plane is —=2(z — 1) = 3(y — 1) — 1(2 — 0) =0, i.e, 22 + 3y + z = 5.

(b) The area of the triangle ABC is given by 1||AB x AC|| = 1/14.

(¢) The volume of the box ABCD is given by |(ABxAC)-AD| = |[(—2,-3,—1)-(2,0,1)| = |-5| = 5.
Q3. 3+3+3=9 (a) Given C: r(t) = (sint+cost, (sint)e’, cost). Thenr'(t) = (cost—sint, (cost)et+
(sint)e’, —sint). The point P(1,0,1) corresponds to ¢ = 0, and r'(0) = (1,1,0). So, the equation
of the tangent line to C' at P(1,0,1) has parametric equations: x =1+¢t,y=t,z2=1,t € R.

(b) We get r'(t) = (2(t — 1),2, 1) and v’ (t) = (2,0, —%).

Then v(1) = /(1) = (0,2,1), v(1) = V5 and a(1) =" (1) = (2,0, —1).

(¢) We have r'(t) = (—sint, cost,—e~*), and ¢ (t) = (— cost, —sint,e~*). Then r'(0) = (0,1, —1),
¥ (0) = (~1,0,1), and [['(0)]| = V2. So, ar(0) = EITLO) — _ 1 Next r'(0) x r” (0) = (L,1,1),
and so, ay(0) = I/ @ ()] (H)X(S)H(O)H = \/g

Q4. 24+2+3+34+3=13 (a) We have & = —¢~*cosy — e Ysinz, and 227“; =e 7 cosy - e*y CoS .

Dz
w _ o~ Tiny — e Y Pw _ _ -z -y i
5, — —¢ "siny —e Ycosu, and oyr — —¢ “cosy+e Ycosw. Hence we obtam <+ 8y2 =0.

3 : u u dx u —2e” 2 2 —2e 2t 2
(b) By applying chain rule, we get & d— = %% + gy flﬁ = §+y + 3;+y2t = eg2t+t—'§§§2+%t~
(c) We get Vf = 8f1+8fl—(295— 5y)i+ (6y — 5z)j. Vf|p:111—21j,andu:%(H—j).
Hence, Dy flp = Vfl|, u= % ~ —7.07
(d) We have f,(z,y) = 32% + 3y, and fy(z,y) = 3z — 3y?. By solving 2°> +y = 0 and z — y* = 0,
we obtain the critical points (0,0) and (1,—1). Now D(x,y) = =362y — 9. Thus, we get D(0,0) =
—9 < 0 implies (0,0,0) is a saddle point. D(1,—1) = 27 > 0 and f;,(1,—1) = 6 > 0 implying

f(1,-1) = —1 is a local minimum.

(e) Applying Lagrange multiplier, we get Vf = A\Vg = (2z,2y,2z) = X(1,—1,1). Thus,

Al 1 =1 1

susingz —y+2z =1, Weget)\— , and hence, r = 3,y = 5~ and 2z = 3.

3
Therefore, the minimal value of f is f(5, 5", 4) =3

x—g,y——andz—

3-



	M_107_FINAL_Question_M_27_2025
	SOLUTION_M_107_FINAL_S_II_May_27_2025

