
1. Runge-Kutta algorithm in MATLAB to simulate the free system

function f i tzhugh nagumo no impulse
clc

t i = 0 ; % I n i t i a l time o f s imula t ion , in msec
t f = input ( ’ Enter f i n a l time o f s imu la t i on in msec : ’ ) ;
n = input ( ’ Enter number o f forward s t ep s in time to take : ’ ) ;
h = ( t f � t i )/n ; % Time s t ep s i z e , in msec
x i = �2 + (2 � (�2))⇤rand ( 1 , 5 0 ) ;
% Random i n i t i a l c ond i t i on s f o r x ranging between �2 and 2
y i = �1 + (1 � (�1))⇤rand ( 1 , 5 0 ) ;
% Random i n i t i a l c ond i t i on s f o r y ranging between �0.05 and 0.05
x = zeros (n , length ( x i ) ) ; % I n i t i a l i z e v e c t o r o f va l u e s o f x
y = zeros (n , length ( y i ) ) ; % I n i t i a l i z e v e c t o r o f va l u e s o f y
t = zeros (n , 1 ) ; % i n i t i a l i z e v e c t o r o f va l u e s o f time t
x ( 1 , : ) = x i ; % I n i t i a l v a l u e s o f x
y ( 1 , : ) = y i ; % I n i t i a l v a l u e s o f y
t (1 ) = t i ; % I n i t i a l va lue o f t
a = input ( ’ Enter va lue o f a : ’ ) ;
b = input ( ’ Enter va lue o f b : ’ ) ;

for i = 1 : ( length ( x i ) � 1)
for j = 1 : ( n � 1)

% Compute the f i r s t through f ou r t h RK4 c o e f f i c i e n t s f o r x and y
k1x = c o e f f i c i e n t x (x ( j , i ) , y ( j , i ) , h ) ;
k1y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) , h , a , b ) ;
k2x = c o e f f i c i e n t x (x ( j , i ) + k1x /2 , y ( j , i ) , h ) ;
k2y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k1y /2 , h , a , b ) ;
k3x = c o e f f i c i e n t x (x ( j , i ) + k2x /2 , y ( j , i ) , h ) ;
k3y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k2y /2 , h , a , b ) ;
k4x = c o e f f i c i e n t x (x ( j , i ) + k3x , y ( j , i ) , h ) ;
k4y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k3y , h , a , b ) ;

% Compute the next va l u e s o f x , y , and t
x ( j +1, i ) = x ( j , i ) + ( k1x + (2⇤ k2x ) + (2⇤ k3x ) + k4x ) . / 6 ;
y ( j +1, i ) = y ( j , i ) + ( k1y + (2⇤ k2y ) + (2⇤ k3y ) + k4y ) . / 6 ;
t ( j +1) = t ( j ) + h ;

end
end

subplot ( 3 , 1 , 1 ) , plot ( t , x ) , xlabel ( ’Time (msec ) ’ ) , ylabel ( ’ x ’ ) , yl im ([�3 3 ] )
subplot ( 3 , 1 , 2 ) , plot ( t , y ) , xlabel ( ’Time (msec ) ’ ) , ylabel ( ’ y ’ ) , yl im ([�1 3 ] )
subplot ( 3 , 1 , 3 ) , plot (x , y ) , xlabel ( ’ x ’ ) , ylabel ( ’ y ’ ) , xl im ([�3 3 ] ) , yl im ([�1 3 ] )

% Function to c a l c u l a t e RK4 c o e f f i c i e n t s f o r x
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function r e s u l t = c o e f f i c i e n t x (x , y , h )
r e s u l t = h . ⇤ ( y + x � ( x . ˆ 3 ) . / 3 ) ;

% Function to c a l c u l a t e RK4 c o e f f i c i e n t s f o r y
function r e s u l t = c o e f f i c i e n t y (x , y , h , a , b )
r e s u l t = h.⇤(�x + a � b .⇤ y ) ;
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2. Runge-Kutta algorithm in MATLAB to simulate the square
wave-forced system

function f i tzhugh nagumo square wave
clc

t i = 0 ; % I n i t i a l time o f s imula t ion , in msec
t f = input ( ’ Enter f i n a l time o f s imu la t i on in msec : ’ ) ;
n = input ( ’ Enter number o f forward s t ep s in time to take : ’ ) ;
h = ( t f � t i )/n ; % Time s t ep s i z e , in msec
% Random i n i t i a l c ond i t i on s f o r x ranging between �2 and 2
x i = �2 + (2 � (�2))⇤rand ( 1 , 1 0 ) ;
% Random i n i t i a l c ond i t i on s f o r y ranging between �0.05 and 0.05
y i = �1 + (1 � (�1))⇤rand ( 1 , 1 0 ) ;
x = zeros (n , length ( x i ) ) ; % I n i t i a l i z e v e c t o r o f va l u e s o f x
y = zeros (n , length ( y i ) ) ; % I n i t i a l i z e v e c t o r o f va l u e s o f y
t = zeros (n , 1 ) ; % i n i t i a l i z e v e c t o r o f va l u e s o f time t
x ( 1 , : ) = x i ; % I n i t i a l v a l u e s o f x
y ( 1 , : ) = y i ; % I n i t i a l v a l u e s o f y
t (1 ) = t i ; % I n i t i a l va lue o f t
a = input ( ’ Enter va lue o f a : ’ ) ;
b = input ( ’ Enter va lue o f b : ’ ) ;
A = input ( ’ Enter the amplitude o f the square wave in mV: ’ ) ;
T = input ( ’ Enter h a l f o f the per iod o f the square wave in msec : ’ ) ;
k = input ( ’ Enter number o f terms in the s e r i e s : ’ ) ;

for i = 1 : ( length ( x i ) � 1)
for j = 1 : ( n � 1)

% Compute the f i r s t through f ou r t h RK4 c o e f f i c i e n t s f o r x and y
k1x = c o e f f i c i e n t x (x ( j , i ) , y ( j , i ) , h ) +
h .⇤ squarewave (A, T, k , t ( j ) + h /2 ) ;
k1y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) , h , a , b ) ;
k2x = c o e f f i c i e n t x (x ( j , i ) + k1x /2 , y ( j , i ) , h ) +
h .⇤ squarewave (A, T, k , t ( j ) + h /2 ) ;
k2y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k1y /2 , h , a , b ) ;
k3x = c o e f f i c i e n t x (x ( j , i ) + k2x /2 , y ( j , i ) , h ) +
h .⇤ squarewave (A, T, k , t ( j ) + h /2 ) ;
k3y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k2y /2 , h , a , b ) ;
k4x = c o e f f i c i e n t x (x ( j , i ) + k3x , y ( j , i ) , h ) +
h .⇤ squarewave (A, T, k , t ( j ) + h ) ;
k4y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k3y , h , a , b ) ;

% Compute the next va l u e s o f x , y , and t
x ( j +1, i ) = x ( j , i ) + ( k1x + (2⇤ k2x ) + (2⇤ k3x ) + k4x ) . / 6 ;
y ( j +1, i ) = y ( j , i ) + ( k1y + (2⇤ k2y ) + (2⇤ k3y ) + k4y ) . / 6 ;
t ( j +1) = t ( j ) + h ;
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end
end

subplot ( 3 , 1 , 1 ) , plot ( t , x ) , xlabel ( ’Time (msec ) ’ ) , ylabel ( ’ x ’ )
subplot ( 3 , 1 , 2 ) , plot ( t , y ) , xlabel ( ’Time (msec ) ’ ) , ylabel ( ’ y ’ )
subplot ( 3 , 1 , 3 ) , plot (x , y ) , xlabel ( ’ x ’ ) , ylabel ( ’ y ’ )

% Function to c a l c u l a t e RK4 c o e f f i c i e n t s f o r x
function r e s u l t = c o e f f i c i e n t x (x , y , h )
r e s u l t = h . ⇤ ( y + x � ( x . ˆ 3 ) . / 3 ) ;

% Function to c a l c u l a t e RK4 c o e f f i c i e n t s f o r y
function r e s u l t = c o e f f i c i e n t y (x , y , h , a , b )
r e s u l t = h.⇤(�x + a � b .⇤ y ) ;

% Square wave expres sed as a Fourier s ine s e r i e s
function r e s u l t = squarewave (A,T, k , t )
x = 0 ;
for i = 1 : 1 : k

x = x + ( ( 4 . ⇤A) . / pi ) . ⇤ ( 1 . / ( 2 . ⇤ i � 1 ) ) . ⇤ sin ( ( 2 . ⇤ i � 1 ) .⇤ pi .⇤ t . /T) ;
end
r e s u l t = x ;
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3. Runge-Kutta algorithm in MATLAB to simulate the constant-
and cosine wave-forced systems

function f i t zhugh nagumo nonzero impulse
clc

t i = 0 ; % I n i t i a l time o f s imula t ion , in msec
t f = input ( ’ Enter f i n a l time o f s imu la t i on in msec : ’ ) ;
n = input ( ’ Enter number o f forward s t ep s in time to take : ’ ) ;
h = ( t f � t i )/n ; % Time s t ep s i z e , in msec
% Random i n i t i a l c ond i t i on s f o r x ranging between �2 and 2
x i = �2 + (2 � (�2))⇤rand ( 1 , 1 0 ) ;
% Random i n i t i a l c ond i t i on s f o r y ranging between �0.05 and 0.05
y i = �1 + (1 � (�1))⇤rand ( 1 , 1 0 ) ;
x = zeros (n , length ( x i ) ) ; % I n i t i a l i z e v e c t o r o f va l u e s o f x
y = zeros (n , length ( y i ) ) ; % I n i t i a l i z e v e c t o r o f va l u e s o f y
t = zeros (n , 1 ) ; % i n i t i a l i z e v e c t o r o f va l u e s o f time t
x ( 1 , : ) = x i ; % I n i t i a l v a l u e s o f x
y ( 1 , : ) = y i ; % I n i t i a l v a l u e s o f y
t (1 ) = t i ; % I n i t i a l va lue o f t
a = input ( ’ Enter va lue o f a : ’ ) ;
b = input ( ’ Enter va lue o f b : ’ ) ;
A = input ( ’ Enter the amplitude o f the square wave in mV: ’ ) ;
A = input ( ’ Enter amplitude o f c o s i n e wave in mV: ’ ) ;
w = input ( ’ Enter f requency o f c o s i n e wave in 1/msec : ’ ) ;

for i = 1 : ( length ( x i ) � 1)
for j = 1 : ( n � 1)

% Compute the f i r s t through f ou r t h RK4 c o e f f i c i e n t s f o r x and y
k1x = c o e f f i c i e n t x (x ( j , i ) , y ( j , i ) , h , A, w, t ( j ) + h /2 ) ;
k1y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) , h , a , b ) ;
k2x = c o e f f i c i e n t x (x ( j , i ) + k1x /2 , y ( j , i ) , h , A, w, t ( j ) + h /2 ) ;
k2y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k1y /2 , h , a , b ) ;
k3x = c o e f f i c i e n t x (x ( j , i ) + k2x /2 , y ( j , i ) , h , A, w, t ( j ) + h /2 ) ;
k3y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k2y /2 , h , a , b ) ;
k4x = c o e f f i c i e n t x (x ( j , i ) + k3x , y ( j , i ) , h , A, w, t ( j ) + h ) ;
k4y = c o e f f i c i e n t y (x ( j , i ) , y ( j , i ) + k3y , h , a , b ) ;

% Compute the next va l u e s o f x , y , and t
x ( j +1, i ) = x ( j , i ) + ( k1x + (2⇤ k2x ) + (2⇤ k3x ) + k4x ) . / 6 ;
y ( j +1, i ) = y ( j , i ) + ( k1y + (2⇤ k2y ) + (2⇤ k3y ) + k4y ) . / 6 ;
t ( j +1) = t ( j ) + h ;

end
end

subplot ( 3 , 1 , 1 ) , plot ( t , x ) , xlabel ( ’Time (msec ) ’ ) , ylabel ( ’ x ’ )
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subplot ( 3 , 1 , 2 ) , plot ( t , y ) , xlabel ( ’Time (msec ) ’ ) , ylabel ( ’ y ’ )
subplot ( 3 , 1 , 3 ) , plot (x , y ) , xlabel ( ’ x ’ ) , ylabel ( ’ y ’ )

% Function to c a l c u l a t e RK4 c o e f f i c i e n t s f o r x
function r e s u l t = c o e f f i c i e n t x (x , y , h ,A,w, t )
r e s u l t = h . ⇤ ( y + x � ( x . ˆ 3 ) . / 3 + A. ⇤ ( cos (w.⇤ t ) ) ) ;

% Function to c a l c u l a t e RK4 c o e f f i c i e n t s f o r y
function r e s u l t = c o e f f i c i e n t y (x , y , h , a , b )
r e s u l t = h.⇤(�x + a � b .⇤ y ) ;
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