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Experiment: 1

Simulation Of Single Phase Full
Wave Controlled Rectifier

This code can be downloaded from the website wwww.scilab.in

5



Figure 1.1: Single phase Full wave Controlled Rectifier
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Experiment: 2

Simulation Of Single Phase
Half Wave Controlled Rectifier

This code can be downloaded from the website wwww.scilab.in
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Figure 2.1: Single phase Half wave Controlled Rectifier
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Experiment: 3

Simulation Of Three Phase Full
Wave Controlled Rectifier

This code can be downloaded from the website wwww.scilab.in
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Figure 3.1: Three Phase Full Wave Controlled Rectifier
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Figure 3.2: Three Phase Full Wave Controlled Rectifier
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Experiment: 4

Simulation Of Three Phase
Half Wave Controlled Rectifier

This code can be downloaded from the website wwww.scilab.in
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Figure 4.1: Three Phase Half Wave Controlled Rectifier
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Figure 4.2: Three Phase Half Wave Controlled Rectifier
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Experiment: 5

Frequency Response Of Single
Area Power System

This code can be downloaded from the website wwww.scilab.in
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Figure 5.1: Single Area System
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Experiment: 6

Frequency Response Of Two
Area Power System

This code can be downloaded from the website wwww.scilab.in
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Figure 6.1: Two Area System
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Experiment: 7

Symmetrical Fault Analysis In
Power Systems

Scilab code Solution 7.10 Analysis of Symmetrical Fault

1 // A n a l y s i s o f Symmetr i ca l Fau l t i n Power Systems //
2 // This program r e q u i r e s u s e r i nput . A sample problem

with u s e r i nput and output i s a v a i l a b l e i n the
r e s u l t f i l e

3 clc;

4 clear;

5 linedata=input( ’ e n t e r the l i n e data v a l u e s i n the
o r d e r o f s t a r t i n g bus , Ending bus , r e s i s t a n c e and

r e a c t a n c e : ’ )
6 f=input( ’ e n t e r the bus at wich f a u l t o c c u r s : ’ )
7 fi=input( ’ Enter the f a u l t impedance : ’ )
8 bv=input( ’ e n t e r the pre− f a u l t bus v o l t a g e : ’ )
9 sb=linedata (:,1) // S t a r t i n g bus number o f a l l the

l i n e s
10 eb=linedata (:,2) // Ending bus number o f a l l the

l i n e s
11 z=linedata (:,3)+linedata (:,4)*%i // l i n e impedance ,

Z=R+jX
12 zbus =[];
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13 check =[];

14 nb=max(max(sb),max(eb))

15 for i=1: length(sb) // s t a r t i n g o f impedance matr ix
c a l c u l a t i o n pa r t //

16 m=sb(i);

17 n=eb(i);

18 mn=min(m,n);

19 nm=max(m,n);

20 ncheck=length(find(check==nm));

21 mcheck=length(find(check==mn));

22 [rows columns ]=size(zbus);

23 if mn==0 & ncheck ==0

24 zbus=[zbus zeros(rows ,1);zeros(1,rows) z(i)

];

25 check=[check nm];

26 else if mcheck >0 & ncheck ==0

27 zbus=[zbus zbus(:,mn);zbus(mn ,:) zbus(mn

,mn)+z(i)];

28 check=[check nm];

29 elseif mn==0 & ncheck >0

30 zbus=[zbus zbus(:,nm);zbus(nm ,:) zbus(nm

,nm)+z(i)];

31 zbusn=zeros(rows ,rows);

32 for r=1: rows

33 for t=1: columns

34 zbusn(r,t)=zbus(r,t)-(zbus(r,

rows +1)*zbus(rows+1,t))/(zbus

(rows+1,rows +1));

35 end

36 end

37 zbus=zbusn

38 elseif mcheck >0 & ncheck >0

39 zbus=[zbus zbus(:,nm)-zbus(:,mn);zbus(nm

,:)-zbus(mn ,:),z(i)+zbus(mn ,nm)+zbus(

nm ,nm) -2*zbus(nm ,mn)];

40 zbusn=zeros(rows ,rows);

41 for r=1: rows

42 for t=1: columns
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43 zbusn(r,t)=zbus(r,t)-(zbus(r,rows

+1)*zbus(rows+1,t))/(zbus(rows

+1,rows +1));

44 end

45 end

46 zbus=zbusn;

47 end

48 end

49 end // end ing o f impedance bus matr ix c a l c u l a t i o n
pa r t //

50 disp(zbus , ’ the impedance matr ix i s : ’ );
51 ifa=bv/(zbus(f,f)+fi) // c a l c u l a t i o n o f f a u l t

c u r r e n t //
52 disp(ifa , ’ the f a u l t c u r r e n t i s : ’ )
53 disp( ’ Post f a u l t v o l t a g e s v1 , v2 , v3 r e s p e c t i v e l y a r e :

’ );
54 for i=1:nb

55 v(i)=bv -(ifa*zbus(i,f)); // c a l c u l a t i o n o f po s t f a u l t
bus v o l t a g e s //

56 disp(v(i));

57 end

58 a=input( ’ e n t e r the s t a r t i n g bus to c a l c u l a t e the
l i n e f l o w : ’ );

59 b=input( ’ e n t e r the end ing bus to c a l c u l a t e the l i n e
f l o w : ’ );

60 zs=input( ’ e n t e r the impedance between the above
buse s : ’ );

61 i13=(v(a)-v(b))/zs; // c a l c u l a t i o n o f l i n e f l o w
c u r r e n t //

62 disp(i13 , ’ the l i n e f l o w c u r r e n t i s : ’ )
63

64 //SAMPLE INPUT and OUTPUT
65

66 // e n t e r the l i n e data v a l u e s i n the o r d e r o f
s t a r t i n g bus , Ending bus , r e s i s t a n c e and
r e a c t a n c e : [ 1 0 0 0 . 1 ; 1 2 0 0 . 2 ; 2 0 0 0 . 1 ; 0 3 0

0 . 1 ; 3 1 0 0 . 1 ]
67 // e n t e r the bus at wich f a u l t o c c u r s : 1
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68 // Enter the f a u l t impedance : 0 . 0 8 ∗ %i
69 // e n t e r the pre− f a u l t bus v o l t a g e : 2
70

71 // the impedance matr ix i s :
72

73 // 0 . 0 4 6 8 7 5 i 0 . 0 1 5 6 2 5 i 0 . 0 3 7 5 i
74 // 0 . 0 1 5 6 2 5 i 0 . 0 7 1 8 7 5 i 0 . 0 1 2 5 i
75 // 0 . 0 3 7 5 i 0 . 0 1 2 5 i 0 . 0 5 i
76

77 // the f a u l t c u r r e n t i s :
78

79 // − 1 5 . 7 63 5 4 7 i
80

81 // Post f a u l t v o l t a g e s v1 , v2 , v3 r e s p e c t i v e l y a r e :
82

83 // 1 . 2 6 1 0 8 37
84

85 // 1 . 7 5 3 6 9 46
86

87 // 1 . 4 0 8 8 6 7
88 // e n t e r the s t a r t i n g bus to c a l c u l a t e the l i n e f l o w

: 1
89 // e n t e r the end ing bus to c a l c u l a t e the l i n e f l o w : 2
90 // e n t e r the impedance between the above buse s : 0 . 2 ∗ %i
91

92 // the l i n e f l o w c u r r e n t i s :
93

94 // 2 . 4 6 3 0 5 42 i
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Figure 7.1: Analysis of Symmetrical Fault
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Figure 7.2: Analysis of Symmetrical Fault

24



Experiment: 8

Unsymmetrical Fault Analysis
In Power Systems

Scilab code Solution 8.9 Analysis of Unsymmetrical Fault

1 // A n a l y s i s o f Unsymmetr ica l Fau l t i n Power Systems //
2 // This program r e q u i r e s u s e r i nput . A sample problem

with u s e r i nput and output i s a v a i l a b l e i n the
r e s u l t f i l e //

3 clc ;

4 clear;

5 a=input( ’ Enter the p o s i t v e , n e g a t i v e and z e r o
s equence o f f i r s t g e n e r a t o r i n matr ix form : ’ )

6 PSG1=a(:,1); // p o s i t i v e s equence o f Generato r 1
7 NSG1=a(:,2); // n e g a t i v e s equence o f Generator 1
8 ZSG1=a(:,3); // z e r o s equence o f Generato r 1
9 b=input( ’ Enter the p o s i t v e , n e g a t i v e and z e r o

s equence o f f i r s t t r a n s f o r m e r i n matr ix form : ’ )
10 PST1=b(:,1); // p o s i t i v e s equence o f Trans fo rmer 1
11 NST1=b(:,2); // n e g a t i v e s equence o f Trans fo rmer 1
12 ZST1=b(:,3); // z e r o s equence o f Trans fo rmer 1
13 c=input( ’ Enter the p o s i t v e , n e g a t i v e and z e r o

s equence o f f i r s t t r a n s m i s s i o n l i n e i n matr ix
form : ’ )
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14 PSTL=c(:,1); // p o s i t i v e s equence o f Transmi s s i on
Line

15 NSTL=c(:,2); // n e g a t i v e s equence o f Transmi s s i on
Line

16 ZSTL=c(:,3); // z e r o s equence o f Transmi s s i on Line
17 d=input( ’ Enter the p o s i t v e , n e g a t i v e and z e r o

s equence o f s econd t r a n s f o r m e r i n matr ix form : ’ )
18 PST2=d(:,1); // p o s i t i v e s equence o f Trans fo rmer 2
19 NST2=d(:,2); // n e g a t i v e s equence o f Trans fo rmer 2
20 ZST2=d(:,3); // z e r o s equence o f Trans fo rmer 2
21 e=input( ’ Enter the p o s i t i v e , n e g a t i v e and z e r o

s equence o f s econd g e n e r a t o r i n matr ix form : ’ )
22 PSG2=e(:,1); // p o s i t i v e s equence o f Generato r 2
23 NSG2=e(:,2); // n e g a t i v e s equence o f Generator 2
24 ZSG2=e(:,3); // z e r o s equence o f Generato r 2
25 MVAB=input( ’ Enter the v a l u e o f base MVA: ’ );
26 KVB=input( ’ Enter the v a l u e o f base KV: ’ );
27 z1=(( PSG1*%i+PST1*%i)*(PSTL*%i+PST2*%i+PSG2*%i))/((

PSG1*%i+PST1*%i)+(PSTL*%i+PST2*%i+PSG2*%i));//
p o s i t i v e Sequence impedence

28 z2=(( NSG1*%i+NST1*%i)*(NSTL*%i+NST2*%i+NSG2*%i))/((

NSG1*%i+NST1*%i)+(NSTL*%i+NST2*%i+NSG2*%i));//
Nega t i v e Sequence impedence

29 z0=(( ZSG1*%i+ZST1*%i)*(ZSTL*%i+ZST2*%i+ZSG2*%i))/((

ZSG1*%i+ZST1*%i)+(ZSTL*%i+ZST2*%i+ZSG2*%i));//
Zero Sequence impedence

30 Ib=(MVAB *(10^6))/((1.732* KVB *(10^3)))// c a l c u l a t i n g
base c u r r e n t

31 disp(z0,z2,z1, ’ The v a l u e s o f P o s i t i v e ( z1 ) Nega t i v e (
z2 ) and Zero ( z0 ) s equence impedances a r e
r e s p e c t i v e l y ’ );

32 disp( ’OPTION ’ , ’LG FAULT=1 ’ , ’LL FAULT=2 ’ , ’LLG FAULT=3
’ );

33 MENU=input( ’ Enter the c h o i c e o f f a u l t : ’ )
34 if MENU ==1 // c a l c u l a t i n g Line to Ground f a u l t
35 If =(3*(1))/(z0+z1+z2)

36 Faultycurrent=If*Ib;

37 disp(Faultycurrent , ’ The f a u l t c u r r e n t i s : ’ );
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38 end

39 if MENU ==2 // C a l c u l a t i n g Line to L ine Fau l t
40 If =(( -1.732*( %i))*(1))/(z1+z2)

41 Faultycurrent=If*Ib;

42 disp(Faultycurrent , ’ The f a u l t c u r r e n t i s : ’ );
43 end

44 if MENU ==3 // c a l c u l a t i n g Line−Line−Ground f a u l t
45 z=(z0*z2)/(z0+z2);

46 Ia1 =(1)/(z1+z);

47 Ia0 =(( -1+( Ia1*z1))/z0);

48 If=3*Ia0;

49 Faultycurrent=If*Ib;

50 disp(Faultycurrent , ’ The f a u l t c u r r e n t i s : ’ );
51 end

52

53 // Sample Input and Output
54 // Enter the p o s i t v e , n e g a t i v e and z e r o s equence o f

f i r s t g e n e r a t o r i n matr ix form : [ 0 . 2 5 0 . 2 9 0 . 2 8 ]
55 // Enter the p o s i t v e , n e g a t i v e and z e r o s equence o f

f i r s t t r a n s f o r m e r i n matr ix form : [ 0 . 4 8 0 . 4 7 0 . 4 9 ]
56 // Enter the p o s i t v e , n e g a t i v e and z e r o s equence o f

f i r s t t r a n s m i s s i o n l i n e i n matr ix form : [ 0 . 2 0 0 . 2 2
0 . 2 4 ]

57 // Enter the p o s i t v e , n e g a t i v e and z e r o s equence o f
s econd t r a n s f o r m e r i n matr ix form : [ 0 . 1 8 0 . 2 2
0 . 2 4 ]

58 // Enter the p o s i t i v e , n e g a t i v e and z e r o s equence o f
s econd g e n e r a t o r i n matr ix form : [ 0 . 1 9 0 . 1 7 0 . 2 0 ]

59 // Enter the v a l u e o f base MVA: 1 0 0
60 // Enter the v a l u e o f base KV: 1 1 0
61

62 //The v a l u e s o f P o s i t i v e ( z1 ) Nega t i v e ( z2 ) and Zero (
z0 ) s equence impedances a r e r e s p e c t i v e l y

63

64 // 0 . 3 2 0 0 7 69 i
65

66 // 0 . 3 3 8 3 9 42 i
67
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68 // 0 . 3 6 1 1 0 34 i
69

70 // LLG FAULT=3
71

72 // LL FAULT=2
73

74 // LG FAULT=1
75

76 // OPTION
77 // Enter the c h o i c e o f f a u l t : 1
78

79 // The f a u l t c u r r e n t i s :
80

81 // − 1 5 4 4 . 4 0 6 8 i
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Figure 8.1: Analysis of Unsymmetrical Fault
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Figure 8.2: Analysis of Unsymmetrical Fault
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Experiment: 9

Digital Simulation Of P, PI
And PID Controllers.

Scilab code Solution 9.4 Digital Simulation of P PI PID Controllers

1 // D i g i t a l S i m u l a t i o n o f P , PI , PD, and PID
c o n t r o l l e r s

2 // S c i l a b Ve r s i on 5 . 5 . 2 ; OS : Windows
3

4 // Program f o r Open Loop c o n t r o l system
5 num=poly ([20], ’ s ’ , ’ c o e f f ’ );// Numerator input
6 den=poly ([30 20 2], ’ s ’ , ’ c o e f f ’ );// Denominator i nput
7 q=syslin( ’ c ’ ,num/den)// Rat io o f the numerator to the

denominator
8 t=0:0.05:2.5; // t ime i n t e r v a l
9 p=csim( ’ s t e p ’ ,t,q);

10 subplot (221)

11 plot2d(t,p);

12 xlabel( ’ Time ( Sec ) ’ )
13 ylabel( ’ Amplitude ’ )
14 xtitle( ’ D i g i t a l S i m u l a t i o n o f Open Loop c o n t r o l

system ’ )
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Figure 9.1: Digital Simulation of P PI PID Controllers

15

16 // Program f o r P C o n t r o l l e r
17 kp=250;

18 num=poly([kp], ’ s ’ , ’ c o e f f ’ );
19 den=poly ([30+kp 20 2], ’ s ’ , ’ c o e f f ’ );
20 q=syslin( ’ c ’ ,num/den)
21 t=0:0.01:2;

22 p=csim( ’ s t e p ’ ,t,q);
23 subplot (222)

24 plot2d(t,p,style=color(” red ”));
25 xlabel( ’ Time ( Sec ) ’ )
26 ylabel( ’ Amplitude ’ )
27 xtitle( ’ D i g i t a l S i m u l a t i o n o f P C o n t r o l l e r ’ )
28

29 // Program f o r PI C o n t r o l l e r
30 kp=40;

31 ki=80;

32 num=poly([ki kp], ’ s ’ , ’ c o e f f ’ );
33 den=poly([ki 30+kp 20 2], ’ s ’ , ’ c o e f f ’ );
34 q=syslin( ’ c ’ ,num/den)
35 t=0:0.01:2;

36 p=csim( ’ s t e p ’ ,t,q);
37 subplot (223)
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38 plot2d(t,p,style=color(” b lue ”));
39 xlabel( ’ Time ( Sec ) ’ )
40 ylabel( ’ Amplitude ’ )
41 xtitle( ’ D i g i t a l S i m u l a t i o n o f PI C o n t r o l l e r ’ )
42

43 // Program f o r PID C o n t r o l l e r
44 kp=400;

45 kd=70;

46 ki=400;

47 num=poly([ki kp kd], ’ s ’ , ’ c o e f f ’ );
48 den=poly([ki 30+kp 20+kd 2], ’ s ’ , ’ c o e f f ’ );
49 q=syslin( ’ c ’ ,num/den)
50 t=0:0.01:2;

51 p=csim( ’ s t e p ’ ,t,q);
52 subplot (224)

53 plot2d(t,p,style=color(” g r e en ”));
54 xlabel( ’ Time ( Sec ) ’ )
55 ylabel( ’ Amplitude ’ )
56 xtitle( ’ D i g i t a l S i m u l a t i o n o f PID C o n t r o l l e r ’ )
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Experiment: 10

Simulation Of The Performance
Of Single Phase Transformer

Scilab code Solution 10.3 Performance Characteristics of Single Phase
Transformer

1 // Program to Find the Per formance C h a r a c t e r i s t i c s o f
S i n g l e Phase Trans fo rmer By Conduct ing Open

C i r c u i t t e s t and Short C i r c u i t Test
2 // This program r e q u i r e s u s e r i nput . A sample problem

with u s e r i nput and output i s a v a i l a b l e i n the
r e s u l t f i l e s .

3 // S c i l a b Ve r s i on 5 . 5 . 2 ; OS : Windows
4 clc;

5 clear;

6 // Get t ing the Rated v a l u e s o f S i n g l e Phase
Trans fo rmer

7 disp( ’Name P l a t e D e t a i l s ’ )
8 cap=input( ’ Enter the r a t e d c a p a c i t y o f Tansformer i n

KVA: ’ )
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Figure 10.1: Performance Characteristics of Single Phase Transformer
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Figure 10.2: Performance Characteristics of Single Phase Transformer
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9 pv=input( ’ Enter the pr imary v o l t a g e o f a S i n g l e
Phase Trans fo rmer (HV) i n V o l t s : ’ )

10 pc=cap/pv // c a l c u l a t i o n o f pr imary cu r r en t , c a p a c i t y /
Primary v o l t a g e

11 disp(pc, ’ The Primary c u r r e n t o f t r a n s f o r m e r = ’ )
12 sv=input( ’ Enter the Secondary v o l t a g e o f a S i n g l e

Phase Trans fo rmer (LV) i n V o l t s : ’ )
13 sc=cap/sv // c a l c u l a t i o n o f s e condary cu r r en t ,

c a p a c i t y / s e conda ry v o l t a g e
14 disp(sc, ’ The s e conda ry c u r r e n t o f t r a n s f o r m e r = ’ )
15 // open C i r c u i t Test
16 // For open c i r c u i t t e s t , Cons ide r the LV s i d e as

primary , HV s i d e i s kept open
17 disp( ’ Open C i r c u t Test ’ )
18 v0=sv // open c i r c u i t v o l t a g e
19 i0 =0.01* sc // f o r p r a c t i c a l case , t h e r e w i l l be

n e g l i g i b l e amount o fopen c i r c u i t c u r r e n t
20 w0=v0*i0 // c a l c u l a t i o n o f Primary power , v o l t a g e ∗

c u r r e n t
21 disp(w0, ’ The I r o n Loss from Open c i r c u i t Test W0 =

Wi = ’ )
22 // Shor t C i r c u i t Test
23 // For Shor t c i r c u i t t e s t , Cons ide r the HV s i d e as

primary , LV s i d e i s s h o r t e d
24 disp( ’ Shor t C i r c u t Test ’ )
25 vsc=pv*0.05 // f o r p r a c t i c a l case , t h e r e w i l l be

n e g l i g i b l e amount o f s h o r t c i r c u i t v o l t a g e
26 isc=pc // s h o r t c i r c u i t c u r r e n t
27 wsc=vsc*isc // c a l c u l a t i o n o f s e condary power , v o l t a g e

∗ c u r r e n t
28 disp(wsc , ’ The Copper Loss from Open c i r c u i t Test

Wsc = Wcu = ’ )
29 // Prede t e rmine the e f f i c i e n c y
30 t=1;

31 pf=input( ’ Enter the power f a c t o r = ’ )
32 for j=1: length(pf)

33 // l=input ( ’ Enter the f r a c t i o n o f l oad = ’ )
34 i=1;
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35 for l=0:0.1:1

36 op(i)=cap*l*pf(j)

37 // d i s p ( op , ’ Output Power o f Trans fo rmer i s ’ )
38 // t o t a l l o s s i n a t r a n s f o r m e r = copper l o s s + I r o n

l o s s
39 los(i)=w0+(wsc*l^2)

40 ip(i)=op(i)+los(i)

41 // d i s p ( ip , ’ Input Power o f Trans fo rmer i s ’ )
42 eff(i,t)=(op(i)/ip(i))*100

43 i=i+1;

44 // d i s p ( e f f , ’ E f f i c i e n c y o f Trans fo rmer i s ’ )
45 end

46 // p l o t t i n g the curve o f the Per formannce
C h a r a c t e r i s t i c s o f t r a n s f o r m e r

47 // between Output power and E f f i c i e n c y f o r d i f f e r e n t
v a l u e s o f f r a c t i o n o f l oad

48 t=t+1;

49 end

50 disp([op eff(:,1) eff(:,2)], ’ Output E f f /PF
=0.6 EFF/PF=0.8 ’ )

51 plot(op,eff(:,1),op,eff(:,2));

52 legend( ’PF=0.6 ’ , ’PF=0.8 ’ );
53 xlabel( ’ Output Power i n watt s ’ )
54 ylabel( ’ E f f i c i e n c y (%) ’ )
55 title( ’ Per formance C h a r a c t e r i s t i c s o f S i n g l e Phase

Trans fo rmer ’ )
56

57 //SAMPLE INPUT and OUTPUT
58

59 //Name P l a t e D e t a i l s
60 // Enter the r a t e d c a p a c i t y o f Tans former i n KVA: 3 0 0 0
61 // Enter the pr imary v o l t a g e o f a S i n g l e Phase

Trans fo rmer (HV) i n V o l t s : 2 3 0
62

63 //The Primary c u r r e n t o f t r a n s f o r m e r =
64

65 // 1 3 . 0 4 3 4 78
66 // Enter the Secondary v o l t a g e o f a S i n g l e Phase
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Trans fo rmer (LV) i n V o l t s : 1 1 5
67

68 // The s e conda ry c u r r e n t o f t r a n s f o r m e r =
69

70 // 2 6 . 0 8 6 9 57
71

72 // Open C i r c u t Test
73

74 // The I r o n Loss from Open c i r c u i t Test W0 = Wi =
75

76 // 3 0 .
77

78 // Shor t C i r c u t Test
79

80 // The Copper Loss from Open c i r c u i t Test Wsc = Wcu
=

81

82 // 1 5 0 .
83 // Enter the power f a c t o r = [ 0 . 6 0 . 8 ]
84

85 // Output E f f /PF=0.6 EFF/PF=0.8
86

87 // 0 . 0 . 0 .
88 // 2 4 0 . 8 5 . 1 0 63 8 3 8 8 . 3 9 7 7 9
89 // 4 8 0 . 9 0 . 9 0 90 9 1 9 3 . 02 3 2 5 6
90 // 7 2 0 . 9 2 . 5 4 49 8 7 9 4 . 30 2 5 5 4
91 // 9 6 0 . 9 3 . 0 2 32 5 6 9 4 . 67 4 5 5 6
92 // 1 2 0 0 . 93 . 0 2 3 2 5 6 9 4 . 6 7 4 55 6
93 // 1 4 4 0 . 92 . 7 8 3 5 0 5 9 4 . 4 8 8 18 9
94 // 1 6 8 0 . 92 . 4 0 9 2 4 1 9 4 . 1 9 6 80 4
95 // 1 9 2 0 . 91 . 9 5 4 0 2 3 9 3 . 8 4 1 64 2
96 // 2 1 6 0 . 91 . 4 4 7 9 2 5 9 3 . 4 4 5 81 4
97 // 2 4 0 0 . 90 . 9 0 9 0 9 1 9 3 . 0 2 3 25 6
98

99 // e f f i c i e n y curve w i l l be o b t a i n e d i n f i g u r e
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