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Question no 1:

If n=2 write out explicitly the triple summation C.xyz

SOLUTION :

The out explicitly the triple summation

>> > C.x'y'z

r=0 s=0 =0

Given:

o r=0 to r=2

o s=0 to s=2-r
o t=0 to s=2-r-s
Step 1: when r=0

e s=0, t goesfromOto 2:
0.0 o0 0.0 0o 0 2
Cooox Yz + C001x y zZ 4 Coozx Yz
1 2
= C000+COOIZ +COOZZ

e s=1,t goesfrom 0 to 1:
C’01ox0ylZO+C'011xoylZ1
= (:’010,)}1-’_(:1011)/121



e s=2,t goesfrom 0 to O:

0o 2 o 2
Cozox Yz = Cozoy

Step2:when r=1

e s=0, t goesfrom 0 to 2:

1.0 9 1.0
Cloox Yz +C|o|x Yz
1 1o
=C|oox +C10|x Z
= ClOOx t Clmxz

e s=1, t goesfrom 0 to O:

1.1 o
ClloxyZ :Cuoxy

Step 3: when r=2

o s=0to t=0
Czoox2yOZO = (jzoox2
The full expanded expression is :

2 2 2
Cooo + ComZ + CoozZ + Comy + Conyz + Cozoy + ClOOx + ClleZ + Cuoxy + Czoox

Question no 2 :

Use the Kronecker delta to calculate the partial derivative if % are

constant such that ¢~ 4



( )
a[xl'x‘
8x1\' ’ ’

SOLUTION :

Using the product rule and the Kronecker delta, Differentiate **/ w.r.t
Xk

o V=g =2 ()
a,x.x)=a,5—x.x,
axk y J /axk J

¢ (a,x.x)=a (6)(1' X, tx 6&]
axk yovivv j iy axk J i axk

b
Br. (a,x.x,)= a,,-(5 WX, X0,
k

d
o (@, x.xX)=a,;0 X, A;X:0 s
k

By putting i=k, j=k and

a,~addax~"dxi

0
Ox (a,-jx,-x,-) =AaX;tA X,
k

d
o (@;X:X)=auX,; T AuX;
k

0
@x (aifxi-xj) = 2aikxi
k

Question no 3 :




Given a point P in Cartesian coordinatesas P (x, vy, z) =(3, 4,5),
convert this point into

i.  The cylindrical coordinates -9:2)

ii. The parabolic cylindrical coordinates (u, v,z), defined by :

1 2 2
xzz(u -y ) y=uv,z=z

SOLUTION :

i.  The cylindrical coordinates (-9:2)

J

8]

2

= x+y

= =

0= tanl(

zZ=z

e Calculate r:
X=3,y=4

VO +(4)
V9+16
J25

Il
~

+

%
r
r
r
r

e Calculate 9 .



)
9=tan‘( ]

0=tan (1.3334)
0=0.927

9=tan'l(

WA %<

e z-coordinate:
The z-coordinates remains the same so, z=5

The cylindrical coordinates of P are :

(r,0,2)=(5,0.927,5)

ii. The parabolic cylindrical coordinates (u, v, z),
In parabolic cylindrical coordinates (u, v, z), the relations are:

1 2 2
x==(y -

2(u V)
y=uz

zZ=z

Step 1:set up Equation for u and v:

Given x=3, y=4 and z=5

1 2 2
xX=— -
2(u V)
1 2 2
3=—(y, —
z(u V)
3x2=y" -y

2 2
6=y -v



Therefore,

So,

Y= uv

4=uv

Step 2: Solvefor u and v

Yy =uv
4 = uv
V=—

u

Substitute values in the equation




2 2 4
letw=U and W U

W —6w-16=0
a=1,b=-6,c=-16

Quadratic equation formula:

_ —b+~b* —4ac

w
2a

By putting the values

- COE(6) ~4(1)(-16)
201)
,_ 636164
2
,_ 6£+/100
2
6x10
W=
2
6410 6-10
2 2
16 —4
W=—,Ww=—
2 2

w=8w=-2(w= I/l2 >0)

w

E

So,
u =8

Square on both sides



U=~2x2x2
U= 22><2
u=2~2
Step 3: calculatev:
y=uv Sy=4
4:uv u=2\/§
Lo b
22
oL
2
N
v=+2 2

The parabolic cylindrical coordinates of P are :

(u,v,z) = (2\/2_,\/2_,5)

Question no 4 :

Consider the toroidal coordinate system defined by the coordinates

(0.7.0): \where o and © are parameters related to the distance
from

the origin , with ° €[0.9) gnd 7€[027)9 is the azimuthal angle
around



the z-a. The coordinates are defined as follows:

o sinh @ cos @ o sinho sin @ o sinht
x = R = . z =

cosho —cost cosho —cost cosho —cost
Where :

o sinh@cos@ o sinho sin@ osinht
X = , V= ,Z=

cosho —cost cosho —cost cosho —cost

Derive the scale factors for the toroidal coordinates system. Using
These scale factors , express the infinitesimal volume element dV
In toroidal coordinates.
SOLUTION :

The Cartesian coordinates (x,y, z) in terms of the toroidal coordinates

(0.7.4) are given by :

‘o osinhpcos¢p  osinhosing . o sinht
cosho —cost cosho —cost cosho —cost
Where :
o€ [0,oo)
, TE [0,27)
oe [0, 21)

Compute the scale factors:



ox Y (8y "oz
h,= + o

oo oo oo
- @ . Oy . az)

ot ot ot
. @ 2+ ay 2+ oz 2
"\\og) \og) (o4

Final form of scale Factors:

a

COSO —COST

(e

a

' COSO —COST
h _ asinho
9 COSO —COST

The Infinitesimal Volume Element dV in toroidal coordinate is :

dv = hghrh(de'd‘L'd(ﬁ

dV:( a j{ a j( asinho jdadrdgb
COSO —COST COSO —COST COSO —COST

cfsinhcr

dv =

sdodtdd
(cos O —COST






