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Part one E4gi!99I!!gAE\qi! Including Ql, Q2, Q3 and Q4
Answer onlv three

In figure shown below, each of the two tanks contains 200 gal of water' in
which initially 100 lb (Tank T1 ) and 200 lb (Tank T2) of salt are dissolved.
The inflow, circulation and outllow are shown in figure. The mixture is kept
uniform by stirring. Derive the equations which describe the amount of salt
at any time in tank ( Tf) and (T2) and put it in matrix form without solving
and write the initial conditions for each tank.

Solution:
Assume x : The amount ofsalt in tank T1 (lb)
Assume y : The amount of salt in tank T2 (lb)

General Equation:

* = Zo^c,n- Zeou, cou,

f,:(t xo+4* 
r_u) - tro- fi)

3,=?u- r*a)- (n* ;+ rz. fil
ox+ffi-r*1 ,=o.o

ffi +(or+;ffir)=o.o
Reanange the above equations:

(a+ ffi)'- *y = o.o--- -- --(1)

# , * (o+ ffi)t:o.o-- ---(2)



(") (0)

l,J= I'J

Now put the equations in Matrix fo
rt6
l'* r-
116[ - zoo-

-o.oz r (') (o)
a+o.oal[rJ= loJ

rm
-4 I
200 |t6 l

D * ,oo]

Or

lD + 0.08
r -0. o8

Initial condition:

For tank T1
For tank T2

at time t = 0, x= 100 lb
at time t = 0. v= 200 lb

(16 marks)
Q2----------------------
Solve the following equation using Euler - Cauchy method:

(x2 - 6x + 9)y" + (2x - 6)y' + e y = o

Solution:
(x - 3)zy" + 2(x - 3)y' + 6 y = o

Solution:
Let S- (x - 3)

yt=m(x_3)m-r
y" =m(m- 1)(x-3y-z

m=

( 16 marks)

:. (x - 3)2(m(rn - 1)(r - 31'-z * 2(x-3)(m)(x-3)'n-1 +6@-3)n=O

m2 +m+ 6= o

-L+l,tT-4*6*lm= 2*l
1,\B

-- -+- ,2- 2 -

Q3- -----

\--. _ r JB
= (x-31-u: 

lncos , lnlr-31 I B sin



Solve the following partial differential equation using Separation of
variables method:
llx+Uy:z(x+Y)U

Solution :

Assume U(x,y)=61*1.UO,
0u

U, = -=6'.P
duU"= =-=G.F''oy

:. G'.F+G.F'=2(x+y)G.F + G.F
F'

E+ F =z(x+y)

"- 
Zx=2y

7- 2x= )'

G = { glx+xz

F'
=1

F'
2y =1

F,

F
2y- 

^

F = B eY2-1Y

Assume k= A.B

(16 marks)

Q4-----------------------------



-Z <x < -7
-t <x <1

L <x <2

r----)

(16 marks)

ult ;.jE! +!l
Part two Numerical Analvsis / include Q5, Q6 ,Q7 and Q8 Answer

only l[99 questions !4s!g!!4g..1Q!.

dx)
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Ero" 2

L

10EL3E
; (cos, *- icos 7 xt
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Draw the function.
State whether the function is even or odd.
Find the Fourier series for the function.

The function is gyg4

rt'l:?+ llancosff+ lib^ sin
': the function is euen , :. bn= Q

2 - (-2)
L= --f =z

7. 12 ? 11 f2
ao= -; I F@)dx = -, 1l sax+l

tJo,,JoJL
2.t- .ao=;JoStlx= 5 .'.40=5
2f2 nfixan=; I F(x)cos ---;-dx
t Jo t
2 fa rtir-x 10a"=; I f(x)cos --;-dx= 

-sir" 2Jo L nn
10

""= no if n=1,5,9,----
-10a"= nlt if n=3,7,LL,----

an=O if n=euen(2,4,---

For the given function:
(o

f(x): 1 s(o

rr4 = |+

l-

3-

1-



Find the solution of the system of equttions using Gauss -Seidel
mahod: (Note onlv use 3 ileratio .

l0xr +2x2-xj
xr + 8xz +3 x3

-2x1- x24 LOx3
=-4
=9

7-(2x2-xs)xl=

xz=

xs=

10
-4 - (x1 + 3x3)

I9-(-zh-x2)
10

Assume initial value :

xz= rh=O

7-(2*O-O)
= O.7xt=

10

-4-(0.7 + 3*0)
0.5a75

= 0. 9813

^2-

/s= 9- -T--=-.,..(-2*0.7-(-0.s87s))
10

Second iteration:
xr = 0 9L56
xz = -0.982q
4 -- 0.9849

Third iteration and the final answer be as follows:

xt = O 9949
xz= -0.9937
xs = 0 9996

(16 marks)



Q6
(a)-The depth x in meter to which the ball submerged under water is given
by the following equation:

f(x) = x3 - o. 165 xz + 3.993 * lo-+
Use Newton Raphson method to find the roots of equation (Note: use only 3
iterations, Start With x= 0.05 as initial value).

Solution:
F(x) = at - o.165 x2 * 3.993 * 10-a

3x2

(b)- Use Simpson's !
rO-6 -2Jo.: x e'

rule to find the following integration

dx , Note: use n:3.

Solu

h=
tion:
0.6-0.3

=0. 1

x F (x)= xet2
0.3 0.3283
0.4 0,4694
0,5 0.6420
0.6 0.8600

[r'."' o. = 3 
- o. t [0. 32s3 + 3(0.46e4 + 0. 6420) + 0.8600]

Q7-----------------------------
Forthe differential equationy' = cos.r+ y' if y(0)=2 and h =0,1.Find
y(0.2) by one of the following method:

a)- modified Euler method.
b)- 4'n order Range- kutta method.

F'K - 0.33r
I x F(") F'(x) F(x)

Frl)
F (x)

xi+t=4- 
F,(x\

I 0.0s 0.0001 -0.009 -0.0122 0.0622
2 o.0622 0.0000 -0.0089 0 0.0622
x = 0.0622

(16 marks)



Solution :

Usine modified Euler method

b)- using Runge -kutta method

I
!i+r= lir ;lkt + 2(kz+ h)+ k4l

h = F(xo,yo) '" ht h k'r -k2= F 
\xo 

+ z,yo +T)* h

r h k"r
h= F \xo + t.yo +T)* h

ka=F(xo+h,yo + h)*h
Stqgel------- findy(O.l) using x=0 

'y=2

h = F(O,2) * O.r = (cos0 + 2) * 0.1 = 0.3
r O.1, 0.3\

k2 -- F \o + ;,2 + i). o t = r(0. 0s, 2. 15) * o. \ = o.3L4e
/ O.l 0.3149\h=F\o+i,z+ z J-0.1 = F(0.0s, 2. 1575) * 0. 1 = 0. 3156

k4=F(o+o.7,2+0.3156)*0.1 = F(0.1,2.3156) .0.1 = 0,3311

Yo.r = Yo

Yo:.= 2 + !

1

2[kr+ 2(k2+ k3) + k4]

[0.3+ 2(0.3149+ 0.3156)+ 0.3311] = 2.3154

7 m
Xi y' =cos x+Y Yi+l

* hY'i

xi+l

* hY'r

!' i+t =
f (xirr!*t)

!'* !i+r =
lt+
h!' ou"

0 0 3 2.3 0.1 3.2950
3.3098
3.3105

3.r475
3.1549
3.1553

2.3148
2.3155
2.3155

I 0.1 2.3155 3.3105 2.6466 0.2 3.6267
3.6441
3.6432

3.4686
3.4773
3.4768

2.6641
2.6632
2.6632

2 0.2 2.6632



Stage2----- --Firdy(0 2)' using x=0.1 ' Y(0.1;= 2.3rt,

!o.z = lor.r|lkL+ 2(k2+ ks)+ knl

k' = F(o.r,2.3rs4) - 0. r = 0.3310

r, = r (0. r * o. os ,z.zrs+ +9Jf) + o.1 = o.347o

kr = r (0. r + o. os ,t.srs+ *9Jf)* 0. 1 = 0.3478

k+ = F(o. L + o. r,2. 3154 + 0. 3478) * 0. 1 -- 2 6629

(16 marks)

Q8----------
Find the deflection at pivotal points shown in figure below gq!4g-..$9i19

difference method and the general equation is given below.(Note: make use

of symmetry),

EI atx=0 and x=Lcl4 v--+ = W
v = 0)n 
"'=oJ q

a----]l1]IIII|I]InrnIIIrIIIIlItll]n Z

lril
o a | ^ 2 " 3 u 4120 

ma.ks;
Solution :

tltati=O, yo=Oand. h=O
d1tati=4, y^= Oand . =0ax

.; 9- = ri+r:vi-t , appty this equation at nodes i=0 and i=4 we get:

y-t = yt and. ys = yt Respectively

Now use the general equation z Elffi = s t

-wi d*y !t*z - 4! i+t I 6yi - 4 yi-1* yi-2
EI ilf

Apply this equation
symmetry

:'lt = lt

at nodes and 2. take into consideration the

h4

i=l



At node i =l
-q d*y
2E I d.xa

o+O o

' Wr ='---=:
ls- 4!zI 6!t- 4yoIy-t

-oa+-rEl = aY' -

a4

4vz-------(1)

At node i=2 :

-q dny
EI df

wi = -q

!+- 4!zI6yr- 4yt-lyo
a4

-oa+
n = -avtt 6!z- - - - - - - (2)

Solving equations ( 1) and (2) :

, i.ri.i!l I tliill, UiLi.l r.

-7 qa'
Yi.-- Ys= t6 E

-3 qaty.= 
- -
4 EI


