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Answer All Questions in Section A. Choose two (2) Questions in section B.
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Section A

Answer all questions in this section.

Question 1
Fvaluate the following expressions by writing a Fortran program for each, printing out
the answers on the screen.

(a) y = s%+ 7 where s = cosz, r = ¢” and z = 0.5.

[3 marks]

(b) y = tanh(f(z)}), where f(z} = log .\/}f, and z = %

[4 marks]
(¢) y = cos?(@) — sin®(8), where § = g
[3 marks]

(d) y = sin(z) + cos™(z), for any value of .

[5 marks]




Question 2

Give the output of the following programs. {Or mark NO OUTPUT if the program
won't compile or doesn’t output anything.) You don't need to include leading or trailing
blanks. For real values, assume outputs have 4 digits to the right of the decimal point

by default.

(a,) PROGRAM meloveprog
2 IMPLICIT NONE
3 write{#,%) "I love programming!’
4

END PROGRAM mcloveprog

(b) PROGRAM mevarassn

9 IMPLICIT NONE

3 INTEGER. :: woop

4 woop = 10

5 write(*,%) 'woop = ', woop
¢  END PROGRAM mevarassn

(¢} PROGRAM meif
2 IMPLICIT NONE
3 INTEGER :: inputl, input2
1 read (#,%) inputl, input2
5 write (*,%) "Lookie!”

I IF (inputl < input2) TIHEN

7 write (#,+) "The first is less!’

3 FLSE IF (inputl > input2) THEN

9 write (s ,+#) "The first is greater!"
0 ELSE

1 write (=,%) "Huh?'

12 END IF

(3 write (#,%) "Get lost!"

11+ END PROGRAM meif

with the following inpuf;

(1) {23}

(i) {22,22}

[2 marks]

[3 marks]

[3 marks]

[3 marks]




PROGRAM medonest
IMPLICIT NONE
INTEGER :: i, j, aggregate = 0
DO j =1, 2
DOi=1, 3
aggregate = aggregale + {j * 1)
END DO
END DO
write(*,x) aggregate
END PROGRAM medonest

PROGRAM meexpr5
IMPLICIT NONE

LOGICAL :: p = .IRUE., q = .FALSE., ¢

write(#,%) r
END PROCRAM meexprb

[4 marks]

[6 marks]




Question 3

(a) The simple program below is writben to read in the radius and calculate the area
of the corresponding circle and volume of the sphere.

Db btk oo oo ool R R el R R R R S o o
s program Cirle

3 b ook of o s sbe i sk st ode ok afe oo ok ool o sk sfe s sl sl s s st ofe ok ol ok R st e ol sl skok stekeok Rk sk ke Aok
+ implicit none

5 real+8 PI,r AV

4

v PI=4.0d0xatan(1.0d0)

s write(#,%) 'please enter the value of thr radius,r’
o read(=,*} T

16

13 A=PIlxr+x2

12 V=4+PTxrs+3

15 write(x,*) *The area is,’, A

1 write(x,%) 'The Volume is,’, V

15 end

(i) Modify this program such that it stops with a warning if the radius given is
negative.

[4 marks]

(i) Modify the program such that it computes a complex value of the volume and
area, given a complex value of the radius.

[4 marks]

(b) Modify the code in (a} such that it reads 10cm < r < 20cm, in steps of 0.2¢m from
a file and writes out the area and a volume in another file.

[7 marks]
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Section B

Choose two (2) questions in this section

Question 4

A classical numerical problem is the summation seris to evaluate a function. Consider
the infinite series for sin x;

3 5 N

N
. x T @
3111$4$m§~!“+87—77"?“-~;

(__l)nﬁIQ:Qn—-l
(2n — 1)!

For 0 < z < 2n radians(choose 30 values in this interval with equal spacing)
th tor
. . . ) n* term
compute the sin z using the above approximation. Choose your N such that | ———— <
sum
1015, Compare your results with the “exact” value obtained from the intrisic function
‘sinz’ in a table, also showing z in radians and degrees. Plot your results in a well

labelled graph.

[25 marks]




Question 5
The temperature distribution u{z, ) in a thin rod satisfies equation

du(z,t)  Ju(w,t)
ot Ox?

with boundary conditions
uw(0,8) =u(1,4) = 0.

The initial temperature distribution at ¢ = 0 is given by the function

w(z, 0) — 0.5 z € [z1, za)
U030 @ ¢ o, )

where z; = 0.25 and 23 = 0.75. Calculate the temperature distribution u(z,t;) for
t; = 0.0001, 0.001,0.01,0.05. Take N, = 100 and N; = 1000.

[25 marks]




Question 6

- In the appendix the program LaplaceEq.£90 computes the electrostatic potential around
conductors. The computation is performed on a square lattice of linear dimension L. A
relaxation method is used to converge to the solution of Laplace equation for the potential.

Construct the corresponding plots of V (i, 5) for;
(a) L =31, V4 =100, V4 = 100

{12 marks]

(b) I =20, Vi =100, Vo = 0
[13 marks]
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Appendﬁx

program laplace_em

implicit nonc

IP defines the size of the arrays and is equal to L
integer ,parameier i P=31

logical ,dimension {P,P) :: isConductor

real (8),diwension {P,P} :: V

V1 and V2 are the values of the potential on the interior
'concductors. epsilon is the accuracy desired for the convergence
fof the relaxation method in subroutine laplace()

real (8) it V1,V2,epsilon

integer 0 L

I'We ask the user to provide the mnecessary data: V1,V2 and epsilon
L = P

write(=,+) ’Enter V1,V2:°
read (% ,%) V1,V2
write(*,+) 'Enter epsilon:
read (+ ,*} epsilon
write(#,%} ’Starting Laplace:’

write{s,*) ’Grid Size= ',L

write{#,+) ‘Conductors set at VI= ' ,VI,' V2= ' V2
write{#,%) 'Relaxing with accuracy epsilon= ', epsilon
IThe arrays V and isConductor are initialized

call initialize_Jattice(V,isConductor ,L,V1,V2)

I'We enter initialized V,isConductor. On exit the
lroutine gives the solution V

call laplace(V,isConductor ,L,epsiion)

"'We print V in a file.

call print__results(V,L)

H

end program laplace_em

Do ottt o o R R R R R R e A A kR AR R R R A R S
Isubroutine initialize lattice

fInitializes arrays V(L,L) and isConductor(L,L).

I'V{L,L)= 0.0 and isConductor(L,L)= .TTALSL. by default

s lisConductor (i, j}= .TRUE. on boundary of lattice where V=0

tisConductor (i ,j}= TRUE on sites with i= L/3-+1, 5<= } <= L-b
5

s lisCouductor(i,j)= . on sites with 1=2:L/3+1, <= j <= L—

W(i,j) =Vl on all mteb with i= L/3+1, 5<= j <= L-5
3

‘V(x,]) = V2 on all gites with 1=2xL/3+1, 5<= j <= L-
j) = 0 on boundary (i=1,L and j=1,L)
EV(l,;) = 0 on interior gites with i{sConductor(i,j}= .FALSE.
HNPUT:
integer L: Linear size of lattice

lreal (8) V1,V2: Values of potential on interior conductors
IQUTPUT:

lreal{8) V{(L.,L): Ayray provided by user. Values of pofential
Ilogical isConductor(L,L}: If .TRUE. site has fixed potential
! If .FALSE. site is empty space

e ek B sl ok e sk sk sk o e sieok b e st sk sk ok kol kg
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subroutine initialize lattice(V,isConductor L,V1,V2)
implicit nouc
integer o L
logical ,dimeunsion (L,L) :: isConductor
real (8),dimension (L,L) :: V
real (8) o VI, V2
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!Tnitiatize to 0 and .FALSE {default values for boundary and
Pinterior sites).

v = 0.0D0

isConductor = .FALSE.

We set the bouandary to be a conductor: (V=0 by defauit)

do i=1,L
isConductor{1,i) = .TRUE.
isCenductor(i,1) = .TRUE.
isConductor (L, i} = .TRUE.
isConductor (i,L) = .TRUE.
enddo
'We set two conductors at given potential V1 and V2
do i=h,l.-§
A ( L/3+1,i) = VI
isConductor({ L/3+1,i) = .TRUE.
v (2+L/3+1,i) = V2
isConductor (2+1,/3-+1,i) = .TRUE.
enddo
end subroutine initialize_ lattice
Dottt sttt ol ok O IO R ROR R o 0 ok ok s R R R R R R R

I'subroutine laplace

1Uses a rclaxation method to compute the solution of the Laplace
lequation for the electrostatic poteuntial on a 2 dimeusicnal
I'squarelattice of lincar size L.

IAt every sweep of the lattice we compute the average Vav of the
!potential at each site (i,j) and we innnediately update V{i,j)
{The computation contiunues until Max |Vav-V(i,j}| < cpsilon
IINPUT:

linteger L: Linear size of lattice

'real (8) V(L,L): Value of the potential at cach site

flogical isConductor(L,L): If .TRUE. potential is fixed

! If .FALSE. potential is updated
Yreal{8) epsilon: if Max jVav-V(i,j)}| < epsilon return to

Yeallingprogram .

QUTPUT:

Ireal(8) V{L.L): The computed solution for the potential

D i o ok ok ok sl s o ok ook sk sk ok sk sk ok sk ok ok stk ok e s ek sk ol sk ok ok ok iR R ROfOR S OR ROk SOk R R kR R ok dnkok R R R R Rk

subroutine laplace (V,isConductor L, epsilon)
implicit none
integer :: L

logical ,dimension(L,L} :: isConductor
real (8),dimension (L,T) v
real {8) .1 epsilon
integer :t i,j,icount
real (8) ' Vav, error ,dV
icount = 0 Tecounts number of sweeps
do while (. TRUE.) lan infinite loop:
error = 0.0D0 IExit when error<epsilon
do j=2,L—1
do i=2,L—1

I'We change V only for non conductors:
if{ .NOT. isConductor (i, j))then
Vav = ( V(i-1,i)+V(i+1,))+V{i,j+D+V(i,j~1)) * 0.25D0
dV = DABS(V(i,]j)—Vav)
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if{error .LT. dV ) error = dV Imaximum erros

V(i,j) = Vav I'we immendiately update V(i,]j)
endif

enddo

enddo

icount = icount + 1

write (#,%) icount,’' err= ', error
if{ error .LT. epsilon) return freturn to main program
enddo

end subroutine laplace

Dot bl ol o o e o
'subroutine print_results
fPrints the array V(L,L) in file "data’

!The format of the output is appropriate for the splot function
Pof gnuplot: Bach time i changes an empty line is printed.
TINPUT:

finteger L: size of array V

'real(8) V(L,L): array to be printed

OUTPUT:

'no output

ool oo ool oo ol oo o o 8 R o o o R S R o S A o o
subroutine print_results(V,L)

implicit noue

oot ok

w

integer L
real (8),dimension (L,L) :: V
integer SE

open (unit=11,file="data")
do i=1,L
do j =1L
write (11,%)i,j,V(i,])
enddo
write (11,%)’’ Iprint cmpty line for gnuplot, separate isolines
cnddo

end subroutine print_results
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