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Q1. Considering the augmented matrix, we have

1 2 -1 2
1 -2 3 1
1 2 -1 2
12 -1 2
~10 1 -1 1/4
0 0 0

S0, the variable z is free. Hence, for z =t € R, we get y = % and x = % [1+1+1=3]

(b) Since the determinant of A is 0, i.e., det(A) = 0, the system cannot be solve by Cramer’s rule.
2]

(c) [IF1+2=4]) Here det(A) =9, the matrix C of the cofactors

1 4 =2
=|-5 7 1
3 —6 3
so,
1 =5 3
adj(A)=CT =14 7 —6
-2 1 3
Hence
1 -5 3
AP =1/914 7 -6
2 1 3

Q2. (a) a=AB = (1,-1,3), b = AC = (2,-3,2) and ¢ = AD = (3,—4,1). Therefore,
V =|(axb) c| =4 unit. ([IF2=3]

(b) Given r(t) = (tsin(2t);t cos(2t)). Then v(t) = r'(t) = (sin(2t) + 2¢ cos(2t); cos(2t) — 2t sin(2t)).
Speed ||v(t)|| = v/1+4t2. The acceleration a(t) = v/(t) = (4cos(2t) — 4tsin(2t); —4sin(2t) —
4t cos(2t)). At t =0, v(0) = (0,1), ||[v(0)|| = 1, and a(0) = (4,0). ([I+1+1=3]

Q3. (a) r(t) = (cost,sint,1). Then r'(t) = (—sint,cost,0) and r (t) = (— cost, —sint,0).

Therefore, ap = £ = costsint—costsint _ 5 — IWXr | — 1 and curvature, s = L2l —
[k \/cos2 t+sin? t [Ed

[14141=3]

(b){[2]) Domain of the function f,

Dy={(z,y) eR*1l+y—2>0,z+y—1>0,1—22—y >0}
={(z,y) eRly>a—1, y>—-x+1, y<1l—2?}
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Q3. (c) For the path y =0, z — 0, lim, i—j =1
For the path y = mx, with m # 0, x — 0,

xT —i—’rnsa:3 a;2+m31

imy 0 S mzerrary = iMeso mri ey = 0-

Hence, by two-path rule, limit does not exist. _

Q4. (a) L =200u 4 Bp0v | D0 ow — gy — Gy — 8w = 67 — 245
%’53:gﬁ%—i—%%—i—gg%—?:—2u+2v—8w=—14r—25. [1.5+1.5=3]
(b) w = f(2? + y?) with u = 22 + y2.

Ow _ dwdu _ d_w(gw) and 6_w — dwdu _ d_w(gy)

ox du Oz du Oy

Therefore, yg — v 5y = 2xy —2zyde = 0. ([IFFI=2)

(c) Given f(z,y,2) = xy?e*. The unit vector u = ”%:” (2,-1,2).

Thusa f:C(:I;?y’Z) = y e* l fy(m7yvz) = 21:yez7 and fz(xaya Z) =Ty 26 We have

Duf(z,y,2) = 2y?e” — 2aye” + Zay’e”.

Hence, at P(2,—1,0), we get Dy f(2,—1,0) = 10, ([I5F151=3)

Q5. (a) z = 2% + 2 is a paraboloid. Consider F(z,y, z) = 2% +y?> — 2 = 0. Then

VF = (2z,2y,—1). Therefore, VF(—1,1,2) = (—2,2,—1). Thus, the equation of the tangent plane
is 2x+1)+2y—1)—(2—2) =0, i.e.,, 20 — 2y + 2+ 2 = 0, and the parametric equations of the

normal line are

r=—-1-2t, y=142t, z2=2—-1.

b) (IFFIFIFI=Y) Given f(x,y) = 922y — 623 + y® — 12y. Then we have f,(z,y) = 187y — 1822 =
18z(y — x) and fy(z,y) = 922 + 3y* — 12. Setting f.(z,y) = 0 and f,(z,y) = 0, and solving these
equations, we get four critical points: (0,2), (0,—2), (1,1), (=1, —1).

Now frz(z,y) = 18y — 36z, fyy(x,y) = 6y, and fuy(z,y) = 18z. So, we have

D(z,y) = faua (2, y) fyy(2,y) — [fay(z, y)]*.

For critical point (0,2), D(0,2) = 432 > 0 and f,,(0,2) = 36 > 0 giving local minimum. For
(0,—2), D(0,—2) = 432 > 0 and f;5(0,—2) = —36 < 0 giving local maximum. For other two

critical points (1,1) and (—1,—1), one obtains saddle points.

c¢) {2} Let z,y, and z be three positive numbers. Considering f(z,y,2) = zyz and g(z,y,z) =
x+y+2z—1=0, we have Vf = AVg which gives (yz,zz,zy) = A\(1,1,1). Thus, we have
xyz = Ar, xyz = Ay, xyz = Az and x +y + z = 1.

Hence,wegetxzy:z:%,andso,x:%,y:%andg.
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