TUTORIAL 1 SOLUTIONS
Q1. Find the gradiant of the following.

2 2 2
(i) F(x,y,z) = 2—2 + z_z + :—2 where a, b, ¢ are non-zero constants.
(i) F(x,y,z) = x3y32°

(i) F(x,y,z) = e*log.xlog.y

Sol.

(I) VF - (6x oy

(i) VF=(- 2+

= 3x%y3z5 % + 3x3y?%z° 9 + 6x3y32° 2

= 0 A 0 A 0 4
(lll) VF:(E x+$y+£Z)F
oF .  OF . | OF ,
= (G 2+59+5,7)
* _e*log.x
= log.y <—+ log.x ex) X+ )
_logeye” e*logex

(1+ xlogex) x +



Q2. Let a function be defined in 3D state by —
T=xy+yz+zx
Calculate f; VT.dl wherea= (1,1,1) and b = (3,2,4) for the following paths:

a. (1,1,1)to (3,1,1) to (3,2,1) to (3,2,4)
b. (1,1,1) to (3,2,1) to (3,2,4)
c. (1,1,1)to (3,2,4)

Also, what do you observe?

Sol. => VI=@W+2)% +x+2) 9+ (x+y)z

a. (1,1,1)to (3,1,1)
=>dl=dx?

=>VT.dl = (y + z)dx

3 3
=>fVT.ch= f(y+z)dx = 1+DR)= 4
(3,1,1) to (3,2,1)

=>dl=dyy
VT dl = (x + Z)dy

]V’T dl = ](x+z)dy GB+1D(1) = 4

1

(3,2,1) to (3,2,4)
dl =dz 2
VT.dl = (x+y)dz

4 4
fV)T.c_l)lz f(x+y)dz
1 1

Total =4 + 4 + 15 =23

(3+2)(3) = 15



b. (1,1,1) to (3,2,1)

:>3}:ﬂ -> dy:d%

2
=>dl=dx®+dyy = dx2+Z9

S 3 dx x 3z
=>VT-dl=(X+Z)7+(y+Z)dx=(—+y+—>dx

2 2
(3,2,1) (3,2,1) 3
=> f VT.dl = f <x+ +3Z>d = (3)(2)+f(x+x+1>d
- = 2TV T )T 2772 )
(1,1,1) (1,1,1) 1
1 1
= 3+ E[x2]§+ 5(2)= 3+4+1=8

(3,2,1) to (3,2,4)

>d

l=dzzZ
d

3 4
>fVT. = f(x+y)dz = (34+42)(3)= 15
1 1
>Total =8 + 15 =23

c. Direct path (1,1,1) to (3,2,4)

Il
\%

x-1 y—1 z—-1 dx
2 3

Sdl=dx®+dyy+ dzz = 2dy£+dy§+ 3dy 2

(3,2,4) 3.2,4)
=> f VT.dl = f QU +2)+ (x+2)+3(x+y)dy
(1,1,1) (1,1,1)
(3,2,4)
= f (5y + 4x + 3z)dy
(1,1,1)
y=2 y=2
_ f (5y+4(2y —1)+3@y—2))dy = | (22y — 10)dy
y=1 y=1

22
= (4-1)-10(1) =33 - 10 = 23

Observation : Line Integral is path independent



Q3) T =x%ye? (itis function defined in 3D)

You are at (2,1,2). What is the unit Vector in the direction in which you should go
for maximum increase in value of the function?

Ans: V T=2xye? £+ x%e? § + x%ye % 2
VTat (2,1,2) =4e? x +4e? P +4e? 2=4e?(x +9 + 2)
X + 3y + z =>direction of most increase

1 1 . 1, _ . =
Xt Ry +Hi=> unit vector along V T

Q4) The divergence of the vector field V= e*(cosy i+ sinyj)is ?

Ans: V.V:(S—xi+;—yj+%k).(vxi+ V,j 4V, k)

AV vy, . av,
T ax ay 9z

d(e*cos d(e*sin a(o
— ( y) + ( y) + (0)

dx dy 0z

= e*cosy +e*cosy = 2e*cosy

Q5) The divergence of the vector field ( 3xz i + 2xy j — yz? k ) at a point (1,1,1) is
?

Ans: Let E =3xz i+ 2xy j—yz% k

= =2 _ 0(3x2) a(2xy) d(yz?)
V.E = ox ol ay oz

= 3z+2x-2yz
V.E|11) = 3(2) + 2(1) -2 (1)(2)
=3+2-2=3



Q6)if A =xy a; + x2 a, . Find ¢ A.dl along the path shown below:

Ans:

1) CalongA->B A
y:1,dy=0,x:%to% Y

2) CalongB->C 3] D c

_2 — —
X—E,dx—o,y—1t03

3) CalongC ->D 1 AL/ B

_ _ _ 2 1 h
y=3,dy=0,x= 707
4) C along D-> A ) Z
v3 ]

_1 -— —
X—E,dX—O,y—3t01

To calculate $ A.dl = $( (xy) @y + x2 a,) (dx @, +dya,)

[ x dx (along c1) = ffxdx = %

V3
2 — (3,24, — 8
[ x2dy (alonch)—f1 x°dy = 3
1
— (V3 __3
2
[3x dx (along c3)= [3* 3xdx = >
V3
[ x%dy (along c4) = f31 ;dy = —=
$AdI=8-2+2.220 1-01=1
3 3 2 2 3

>



Q7) A= a, +a, +a, . Find the value of $A. dl along the path shown below:
Sol. We know

YIL

v
x

x?+y?2 =4for0<t Sg
Question is in cylindrical coordinate
system.

The path shown can be divided into three parts to solve the line integral

1. O->P wherep=0to2
dl=dpa,

Adl=dp

dl = pdg a,

w
QO
v
@)
=
>
@
=
@D
©
Il
N
o~
Q
o

Total =2+ n7t—2=m






