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Q1. [2+2+2=6] (a) The displacement vector PQ = 〈8, 3, 6〉. Hence, work done = F · PQ =

〈5,−3, 1〉 · 〈8, 3, 6〉 = 37 units.

(b) 〈1, 2, 3〉 = a+ 2b+ 3c = 〈x, 0, 0〉+ 2〈0, y, 0〉+ 3〈0, 0, z〉 = 〈x, 2y, 3z〉 =⇒ x = y = z = 1.

(c) a · b = 〈1, 0, 0〉 · 〈0, 1, 0〉 = 0. Similarly, b · c = 0 and c · a = 0.

Q2. [3+2+2+2=9] (a) Let a = PQ = 〈1, 2, 3〉 and b = PR = 〈−1, 0,−3〉. Then a×b = 〈−6, 0, 2〉.
So the plane contains P (1,−2, 0) and has normal vector a × b = 〈−6, 0, 2〉. This plane, then, has

equation −6(x− 1) + 2(z − 0) = 0, that is, −6x+ 2z + 6 = 0.

(b) (i) We have normal vectors n1 = 〈1,−2, 2〉 and n2 = 〈2, 1,−1〉 show that 1
2 6=

−2
1 , then ℘1 ∦ ℘2.

(ii) Considering the augmented matrix, we have1 −2 2 3

2 1 −1 1



∼

1 −2 2 3

0 1 −1 −1


where, we have x = 3 + 2y − 2z and y = −1 + z. Using z = t, we get x = 1, y = −1 + t and z = t,

for all t ∈ <.
(iii) The distance from the point A(1,−1, 3) to the plane is d = |1−2(−1)+2(3)−3|√

12+(−2)2+22
= 6√

9
= 2⇒ d = 2.

Q3. [3+4+3=10] (a) Domain of r is (−∞, 1). r′(t) = −1
1−t i+cos tj+2tk. r

′′
(t) = −1

(1−t)2 i−sin tj+2k.

(b) r(t) = et cos ti+ et sin t+ etk

v(t) = r′(t) = (et cos t− et sin t)i+ (et cos t+ et sin t)j+ etk

a(t) = r
′′
(t) = −2et sin ti+ 2et cos tj+ etk.

v(π2 ) = −e
π
2 i+ e

π
2 j+ e

π
2 k = e

π
2 (−i+ j+ k)

a(π2 ) = −2e
π
2 i+ e

π
2 k = e

π
2 (−2i+ k).

Speed=
√
eπ + eπ + eπ =

√
3eπ =

√
3e

π
2 .

(c) The given equation of the surface can be written as x2

4 + y2

9 + z2

4 = 1, which is an ellipsoid.

xy-trace is x2

4 + y2

9 = 1, which is an ellipse; yz-trace is y2

9 + z2

4 = 1, which is an ellipse; xz-trace is

x2

4 + z2

4 = 1, which is a circle. Sketch is given at the last page.
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