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PRACTICAL-I
Plotting of Legendre polynomial for to 5 in the interval [O,Il.Verifying
graphically that alt the roots of P(x) lie in the
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PRACTICAL-2

Automatic computation of coefficients in the series solution near ordinary

point.

Clearmt ;

1

Atx_l 2 x;

PIX-I - AB];
Qtx-l CltX1 A(xl;

de y x y
Print [del;

inlSi21:-If(Atx01 O,

printl"The point xe xo,
is a singular point Of the Differential Equation "J;

with a Frobenius solution
point xe xo,

"is NOT a ngular point Of the Differential Equation
' y'm.f2[x1 YBI-O"J;

" , Together (BIX) / ABD ,

" Together / Atxn,

If[Subscript [x, el O,
Print[

If(Subscript [x, > O,

If(Subscript [x, < O,

Clear(c, k, n, r, s, x);

g", Seriestptxl, (X, XO,
't % series@txl, {x, xo, 3m;

V' Superscript ,etc.



Remove ;

slx_) • (c, k) • (x — xø)A k, {k, O,
coeff TabletSubscript (c, k), {k, i, stxl

5 
Printt"2 x y' tx)+3 y ' 
deqn Expand[2xs • 3 s 
eqns LogicalExpand (deqnJ;

txll; it into
Printt"to get"l;•)

— s(xJJ O; (.print(deqn);•)

(.for coefft compar*son of like powers of x on both s*des.)
(eqns, And ListJJJ;

(.Rep1aces alt and every new expression to the next line.)
solution Solve (eqns, coeffJ;

(•sort is used to sort the list •in •increasing order
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PRACTICAL-3

Plotting of the Bessel's function of first kind of order O to 3.

Subscript nJ(xJ
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Practical 4
The Differential equation is as follows

xo = O;

print [de] •

print

point xo is a singular point Of the DE" I

print [ "Proceed with a Frobenius solution.

print ["The point xo , xo, is NOT a singular point Of the DE"] ;

print , Together

print , Together

Series 

Series 

, (x, XO, 3)) ]

, {x, xo, ,

If xo O, print etc.

If XO > O, 

If XO O, 

$2 tx_] = x2

po = Limit x

= Limit

Clear [r] ;

ieqn = r (r —1) 

Print [x] =

Print "Q [x]

, XO, 'i) n

(X+'% —XO, 'l) n

r +qo % O;

Print "R [x] = ",Rtx]];

Print ["41 [x] = x



2 | frobeneous_complete.nb

Print PO = limX-•xo P

Print ["$2 =

Print = lim x2
X-•xo Ptx]

Print [ "The indicial equation is

Print tieqn] ;

ieqn = MapA11 [Expand, ieqn]

Print tieqn] ;

Print indicial equation is ;

Print [ieqn] ;

Print roots are

solution Solve r] ;

print

print

Clear(c, k, n, r, s, •

3 Expand

coeff Table [Ck. (k, I, ;

print S

print [ 't s

print [ 't s '

print it into ;

print to get ;

deqn [x] + 3 s ' 

print ;

eqns LogicalExpand ;

print ;

print [TableForm[RepIaceAII [eqns, 

solution Solve [eqns, coeff] •

O;

•

print ] ;

s ReplaceAII [s [x] , solution[ ,

print

Normal [s ,

Si [x ] ReplaceAII , co l] ;_
print

Normal ,

Clear [c, k, n, r, s, ,

1

2



frobeneous_comp/ete.nb | 3

s Expand xr

coeff Table ,

print ['t s s [x] ] ;

print [ 't s

print ['1 3 '

print [ it into ;

Print ["2 x g' [x] +3

print to get ;

deqn Expand[2xs' [x] +3 — o;

Print ;

eqns LogicalExpand ;

Print (deqn] ;

Print (TableForm[RepIaceAII teqns, •

solution Solve [eqns, coeff] ;

Print [1] ]

s ReplaceA11 (s [x] , solution( •

Print

Print Normal ,

1
Print "y = , ( 'l Normal

Co

32 tx_] = ReplaceA11 [s [x] , co -i 1] ;

Print [x] = S2

Print ("f2 [x] = Normal ,

S2 tx_] = ReplaceA11 (x] , Cl -i O]

Printt [x] =

Printt'tf2 [x] = Normal [32 ,

Print t [x] = , x r , , Normal [x -r 32 [X] ]

sl tx_] = Normal [st 

Print "81 (x]

92 tx_] = Normal 

Plotts2tx] , {x, O, 

Print "82 (x]

P[xl- 2 x

P(OI-O

;

•

, PlotRange-.

The point xo O is a singular point Of the DE

Proceed with a Frobenius solution.

Q(xl 3

R[xl -1

3

2
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PRACTICAL-5
5(a) : Monte Carlo Area Simulation

Find the area beneath the curve y = Cos(x) over the interval (- 'T 12) x (r 12) .

Cleartn, counter, a, b, f, c, d, , area, x)



n the total number Of
random points to be generated in the simulation

counter O;

ftx-J costX1;
c Minimize [{ftxl, x a 
d Maximize [{f[xl, x 2 a 
maxiimit dlll 1

I, n, •i++, xo 

x b}, x);
x b}, x];

RandomReaI b";
yo RandomRea1 maxlimit

If[ye f(xel, counter ++ l;l;
area maxl•imit (b — a) * counter I n;

maxlim•it}, (x, a, b), Filling Bottom, PlotLegends "Expressions
number of points under the curve is . counter J;

Print(
"The area Of the region simulated by Monte Carlo area algoithm is : Ntarean;

2

— f(x)
— maxlimit

-1.3 IS

the number Of points under the curve is 229

The area of the region simulated by Monte Carlo area algoithm is : 1.88085

For more than Variable:

Use Monte Carlo Simulation to calculate the area trapped between the two

curves
y = xA2 and y = 6-x.



Cleartn, counter , a, b, f, c, d, , area, x);
n Inputt" Enter the total number Of

random points to be generated •in the simulation

counter O;

fix-I x A 2;

solut*on SolvetflxJ glxl, x)
a solut•ion 1, 21;
b solution 12, 1, 21;
cl Minimize Kf(xJ, x 
dl Maximize Kftx), x 
c2 Minimize KgtxJ, x 
d2 Maximize Kg[xl, x 

a

a &&
a

a &&

Forfi • i, s n, xe RandomRea1
yo RandomReaI , maxiim•it h;
If1M4ntftxe1, gtxe1J ye ye Xax(ftxøJ, grxøn, counter I;J;

area • (maxlimit - mintimit ) (b — a) • counter / n;
gtxJ, , maxiim•it), (x, a, b),

Filling Bottom, PlotLegends "Expressions

total numer Of p04nts under the curve is : counter

"The area Of the region simulated by Monte Carlo area algorithm is : NtareaJJ;

— g(x)
4 — minlimit

— maxlimit

The total numer Of p04ntS under the Curve is

The area Of the reg40n simulated by Monte Carlo area algorithm •is : 20.7625

5(b) : Monte Carlo Volume Simulation



Find the volume of the sphere :

xA2 + YA2 + zA2 S i

in the first octant.

Clear[n, counter , a, b, c, d, 
n Input(

, volume , x, y, z, xo, yo, zOJ;

"Enter the total number Of random points to be generated in the simulation
counter =

ftx_, y J sqrt(l - x A 2 - y A 21;
c Minimize y], x a 
d Maximize [{f[x, y), x a 
maxtimit dill + 1;
For(-i i, s n, 

RandomRea1

zo • RandomRea1 
If(zø a 2 ftxe, 
volume maxiimit 

xo RandomReat 

maxlimit Il;
2, counter +4 In;

b a counter / n;

0 
2 y 

an;

Plot3Dt{ftx, y), maxtimit}, {x, e, a}, {y, O, b},
Filling Bottom , PtotLegends "Expressions

number Of points in the sphere is : 
Printl"The volume of the sphere in first

octant simulated by Monte Carlo algorithm is 

10

0.5,7

2.0

b}, {x,
b}, {x, y";

counter l;

N[volumen;

f(x, y)

1.5 L maxlimit
10
0.5

0.0

0.0



The number of points in the sphere is : 117

The volume Of the sphere first octant simulated by Monte Carlo algori thm is 531818

Calculate the volume trapped between the two paraboloids z=8-xA2-yA2 and

z=xA2+3yA2.

Cleartn, counter , a, b, c, d, Volume , 
n Input t"Enter the total number Of

, m•inlimft , solution , x, y, z)

random points to be generated in the simulation 
counter O;
ftx_,

gtx-, Y-J 2;
solution solvetf[X, Yl•• gtx, y), {x,
fl(xl solution 1, 21;
f2(xl solution 12, 1, 21;
solutionl f2txl, x)
a solutionl 1, 21;
b solut•ioni [2, i, 21;
cly Minimize x 
dly Maximize ((fl[xl, x 
c2y Minimize x 
d2y Maximize [{f2[xl, X 

a x s b}' x);
a x 
a && x 
a x 

b}' x);
b}, x);
b}, x);

minlimity Mintclylll, c2y111);
maxlim•ity Maxtdlylll, d2y111);

cl Minimize y), x a 
dl • Maximize y), x a 
c2 Minimize [{glx, y), x 2 a 
d2 • Maximize uglx, y), x a 

x s b 
x b 
x s b 
x s b 

y s maxlimity 
y maxUmity 
y s maxUm*ty 
y S maxlimity 

"l;

y 
y 
y 
y 

minlimity {x,
mintimity {x,
mintimity {x,
mintimity {x,

maxlimit Maxtdllil, d21ill + i;
i, s n, xo RandomRea1 (la,

yo RandomRea1 Kminlimity , maxlimity n ;

RandomRea1 [(minlimit , maxl•imit
If(Mintftxe, YO), gtxø, yon zo Maxtftxø, YO), glxø, yen, counter In;
volume (maxt•imit — mintim•it ) (maxtimity — mintim*ty ) • (b — a) counter / n;

Plot3Dt{ftx, y), gtx, y), , maxlimit), {x, a, b},
{y, mintimity , maxlim•ity), Filling Bottom , PIOtLegendS "Expressions

total number Of points under the curve is counter ) ;

Printt"The volume Of the region Simulated by Monte Carlo area algorithm :
Ntvolume ;



out'"a v-

10

minlimit

maxlimit

The total number of points under the cun•e is :

The volume Of the region simulated by Nonte Carlo area thm 37.6746



PRACTICAL-6

Programming of single server queue (e.g. Harbor system

algorithm)

Terms used in the algorithm :

betweeni = Time between successive arrival of ships i and i -1.( A random integer varying between 15

and 145 mm )

arrivei = Time from start of clock at t: O when ship i arrives at the harbor for unloading.

unloadi = time required to unload ship i at the dock (a random integer varying between 45 and 90 mm. )

starti = Time from start of clock at which ship i commences its unloading .

idlei = time for which dock facilities are idle immediately before commencement of unloading ship.

waiti = time ship i waits in the harbor after arrival before unloading commences .

finishi = time from start of clock at which service for ship i is completed at the unloading facilities .

harbori = total time ship i spends in the harbor.

HARTIME : Average time per ship in the harbor.

MAXHAR : maximum time of a ship in the harbor.

WAITTIME : average waiting time per ship before unloading .

MAX WAIT : maximum waiting time of a ship.

IDLETIME : Percentage of total simulation time unloading facilities are idle.



n Input ("Enter the total
Array(tabte , (5, 7)1;

number Of ps for the the simulation

tableti, Il 
tablet2, Il 
table(3, Il 
tablet4, 
tablet5, Il 

"Average time
"Maximum time

Of ship in the
of ship in the

harbor

harbor

"Average waiting time Of a ship.";
"Nax%mum wadting time Of a ship.";
"Percentage Of time dock facilities are

Fortj • 1, s 6, j +4, Subscr*pt (between , Randomlnteger t{i5, 14511 ;
Subscript (unload , Il • Randomlnteger (45, 90)) ;
Subscript (arrive , • Subscript tbetween ,
HARTIME Subscript tuntoad ,

MAXHAR Subscript tunioad , 11;
WAITTIME O;

MAXWAIT O;

IDLETIME subscr•ipt (arrive , 11;

Subscript (finish , 

Subscript [between , 
Subscr•ipt (unioad , 

Subscript (arrive , 

• Subscript (arrive , Il Subscr•ipt tunioad

• Randomlnteger 145)) ;

Randomlnteger ({45, 90)) ;

• Subscript (arrive , i — Il Subscript (between ,
timediff Subscr%pt (arrive , — Subscript (finish , —
If(timediff O, Subscript timed%ff ;
Subscript O,
Subscript [Walt, -il — timediff ;
Subscript t•idle, • 01;
Subscr•ipt (start , il Subscript (arrive , + Subscript twait,
Subscr•ipt (finish , • Subscript (start , Subscript tunioad ,
Subscript (harbor , Subscript tuait , il + Subscr•ipt tunioad , il;
HARTIME Subscr*pt (harbor ,
IftSubscript tharbor , > MAXHARMAXHAR Subscript tharbor , ill;
WAITTIME Subscript rwait, il;
IDLETIME subscript t•idte, il;
Iftsubscript (wait, > MAXWAITHAXWAIT Subscript twait, 111;1;
HARTIME l. n;

WAITTIME

IDL ETIME

tableti ,
tablet2,
tablet3 ,

tablet4 ,

tab let5 ,

l. Subscr*pt (finish , nl;
j 
j 
j 
j 
j 

11 

11 

11 

Round(HARTIME 1;

MAXHAR ;

RoundtWAITTIME 1;

MAXWAIT ;

NtIDLETIME 1;1;

TableForm [Arrayttabte {5' 7)ll



Average time Of
Max mumtime of
Aver age waiting
Maxi mum wai ting

ship
ship
time Of
time of

Percentage of time dock

the harbor 68 54 84 8

the harbor 76 69 124 1

a ship. 2 9 1
a ship. 7 35 5
facilities are idle. 0.457256 o. 520642 @.392276



PRACTICAL-7

Solve the following linear programming problem

Minimize x + 2Y

Subject to

x. y 226

x 23, y 24

7 

OuttS41.

ft{X-,

26 

constraints Ix_, {—5 X + y 7, X •y 26, X 2 3' y 
solution • Minimize constraints (x, y), {x'
Printt"Find the minimum Of")

ft(x,
Printt"Subject to the constraints :
PrinttTabteForm (constraints
Printt"The solution found by Mathematica •is "J;

24}, {x, Y))

4};

Printlsolution l;
Find the Of

fl(x 2 y

Sub} ect to the constraints

x y 26

The solution found by

Solve the following linear programming problem

Maximize 2x + y

Subject to x+Y$6

x + y 21

x 20 , y 20



{12, {x 

ft{x-, 

solution 

y

-2 x + y;
tx_, y J = {x•y 6, xoy 1, x y 2

Maximize constraints (x, y)' {x'
the maximum Oft')

ft{X,
to the constraints :

Print [TableForm (constraints (x, ylll;
Print t"The solution found by Mathematica is
Print(sotution J;

F•ind the max•imum Of

fl{x , y)1.2 x y

Subject to the constraints

The solution found by Mathematica

{12 , 6, y 0))


