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DESIGN TECHNIQUES FOR DIGITAL FILTERS



3.1 Bilinear Transform Design Method:

The advantage of the bilinear transform method is that it 

enables the existing analog filter design theory to be applied directly 

to the design of discrete filters. For a given filter it is possible 

to calculate the exact pass band ripple, transition bandwidth and 

minimum stopband attenuation.

There are three steps involved in BLT design. 1

1) Prewarp the critical frequency to obtain analog frequency

A1

3.1

2) Obtain the scaled transfer function H(s) from H(s)

3.2

3) Apply the BLT transformation, i.e., replace

S by (z-l)/(z+l) to obtain H(z)

H(z) = H(s) 3.3
S = (z—1)/(z+1)

3.1.1 Design of Low Pass Filter Using BLT Method:

The transfer function of simple RC low pass filter (LPF) with
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bandwidth 1 rad/sec can be obtained as fallows:

From Fig. 3.1 we can write,

H(s) 1/CS
R + 1/CS but R = C = 1

H(s)

H(s)

1/S
1 + 1/S 

1
S+l 3.4

Prewarping the critical frequency gives the analog frequency

as

WA1 = a = tan( 2 3.5

where u) „ 1D = 21TF — = T
' s

F is cut-off frequency in H c z

F is sampling frequency in H . s z

The frequency scaling of H(s) leads to H(s)

H(s) = H(s)
S = S/a

S/a + 1

H(s) S + a 3.6

The transfer function of a DT filter can be obtained by BLT method.

H(z) = H(s)
c _ (z ~ 1) 

(z + 1)
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a
z—1 
z+1 + a

a(z+l)
z-1 + a(z+l)

H(z) az + a
(e+l)z + (a-1)

_______az (1 + z _______
az [(1+1/a) + (1-1/a) z"1]

H(z) 1 + z-1

(1 + 1/a) + (1 - 1/a) -1z

which can be written as

H(z)
1 + z

A + B z
3.7

where

A = 1+1/a 

B = 1 - 1/a

A low pass digital filter can be implemented from equation 3.7 

using microprocessor-based system or DSP processor.

For prediction of magnitude and phase response of digital 

filter on computer, we have to find magnitude and phase at each 

sampled input value, which can be done as follows:

The Fourier transform of the system function can be evaluated 

by replacing z by e^ T eq. 3.7 can be written as

J rp

h,J<jo T. _ 1 + e~Ja) 1 + cos( a)T) - j sin (q)T)
A+Be'jwT A + B (cos(a)T) - j sin (WT))

(1 + cos ( wT) - j sin ( u)T))(A + B (cos ( WT)+ j sin ( WT))) 

(A + cos( ajT) J2_(j B sin ( wT))2
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Now consider Numerator and Denominator separately.

Denominator = (A + B cos ( coT))2 - (j B sin ( u)T})2

= A2 + 2AB cos ( u)T) + B2 cos2 ( uT) + B2 sin2 ( WT)

= A2 + B2 + 2AB cos ( coT) ... (a)

Numerator = A + B cos( coT) + j B sin( ooT) + A cos( WT) + B cos2( cot)

+ j B sin( wT) cos( o/T) - j A sin( WT) - j B sin( WT) cos( ^T)-

- j2 B2 sin2( CJT)

= A + (A + B) cos( COT) + j (B - A) sin( u>T) + B 

= A + B + (A + B) cos(w T) + j (B - A)sin( cor) ... (b)

Combining (a) and (b) we get

H(eJtj0 T) - A + B +(A'+ B) cos( mT) + j (B - A) sin( coT)
A2 + B2 + 2AB cos( wT) 3.8

Separating real and ineginary parts of equation 2.41 we get

Re (A + B) (1 - cos( cop 
A2 + B2 + 2AB cos( toT)

3.9

Im = (B - A) sin( q>T)
A2 + B2 + 2AB cos( wT) 3.10

Magnitude and phase can be calculated from Real and imaginary 

parts as given below:

1/2
Magnitude = [(Re)2 + (Im)2] 3.11

„ . -1 ,Im,Phase = tan (—) Re

3.1.2 Design of High Pass Filter Using BLT Method:

3.12

The transfer function of a simple RC high pass filter with



bandwidth 1 rad/sec is

4G

From Fig. 3.2

H(s) = R but R = C = 1
R + 1/Cs

H(s) = 1 + 1/s 1 + s 3.13

Prewarping the critical frequency gives the analog frequency w 
as

WD1 ^
= a = tan( ---^— ) 4.14

where = 2 it F

F

T =

- cut off frequency in Hz
- sampling frequency in Hz.

The scaled transfer function H(s) is obtained as

H(s) = H(s) S/a
1 + S/a

S = S/a

H(s) = s + a 3.15

The transfer function H(z) is obtained by using Bilinear transform

H(z) = H(s)
z - 1 
z + 1

(z - 1) /(z + 1)
((z - 1)/ (z + 1)) + a
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H(z) = 1 - z-1
(a+1) + (a-1) z

_ 1 ~ z 
A + B z

,-l
-1 3.16

where A=a + l,B = a- l

High pass digital filter can be implemented from equation 3.16 

using microprocessor-based system or DSP processor.

For simulation of this filter, it is necessary to separate 

its imaginary and real parts from which we can calculate magnitude 

and phase. Now take Forier transform of eq. 3.16.

H(eja3T) = 1 - e 

A + B e

j wT 

j U)T

1 - (cos( u)T) - j sin( tup)
A + B (cos( wT) - j sin( wT))

H fcja)Tl - t1_tcos( wT)-j sin( “T))][A+B(cos( wx)+ j sin( WT))1 J (A + B cos( wT))2 - (j B sin( wT))2 “

Now consider Numerator and Denominator separately

Denominator = A2 + 2AB cos( wT) + B2 cos2( u>T) + B2 sin2( wt)

= A2 + B 2 2AB cos( aJT) ... (c)

Numerator = A + B cos( wT) + j B sin( uTT) - A cos( WT) - B cos2( WT) 

- j B cos( o)T)sin( <dT)+ J A sin( wT)+ j B cos( wT)sin( wj) +

+ j2 B sin2( u)T)

» (A-B) + (B-A) cos( wT) + j (A+B) sin( WT) (d)
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Combining eqs. c and d we get

j toT. = (A - B) (1 - cost coT)) + j (A + B) sin( 0)T) 
16 J A2 + B2 + 2AB cos( UT) ” 3.17

Real and imaginary parts of equation 3.17 are

Re _ (A - B) (1 - cos( u)T)) 
A2 + B2 + 2AB cos( wT)

3.18

Im =
__ (A + B) sin( ml) 
A2~ + B2 + 2AB cos( U) T) 3.19

Magnitude and phase are calculated according to eqs. 3.11 and 3.12.

3.1.3 Design of Band Pass Filter Using BLT Method:

The transfer function of bandpass filter is obtained from
4low pass filter by using simple transformation i.e., by replacing 's' 

by (s2 + oj2)/Ws

where u)Q - centre frequency of BPF.

W - Band width of BPF
1

If Hgp(s) is transfer function of BPF then

HgpCs) = H(s)
s = (s2 + u)2)/Ws

where H(s) is transfer function of LPF (eq.2.37)

HspCs) s+1
S = (S2 + 0)2J/Ws

^p(s) Ws

0)
3.20
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where = v/ uj^. wh # W = wh " 3.21

^ = UA1 tan ( “T— }

t*^)2 ^
“h = “A2 " tan ( ------2 >

“in ' 2ITFi • “far 2TIFh

Fjl - lower cutoff frequency in Hz 

Fh - upper cutoff frequency in Hz

Now apply BLT transform to get transfer function.1

HgpU) = H^s)

s z—1 
2+1

W z—1 
z+1

^ z+1 + W z—1 
z+1

0)2
o

W(z - l)(z + 1)

(Z - l)2 + W (Z + 1) (Z - 1) + a)2 (Z + 1)2

Rearranging the terms and taking z? common from numerator and 

denominator we get

^p(z) , z2(l - z2) W

zi[(l + W + ofo) + (2W„2 - 2)z-1 + (1 + Q)2 — W) z-2]

HbP(Z)
Az + Bz 1 + C

3.22



where 1 + w - w o , B =
2

and

A = W

C =
1+0) + Wo

W

2 o) o
W

Digital band pass filter can be implemented from equation 3.22 using 

microprocessor-based system or IBP.

By taking the Fourier transform of equation 3.22 we get

J wT) _ 1 - e •2 j 0)T

i -j2wt d -jwi AeJ +BeJ +C

by using Eular identity we get

i (dt 1 - (cos(2 WT) - j sin(2 o)T))
eJ ) = —-------------------------------------------------------------------- -

A(cos(2 osT) - j sin(2u)T) + B (cos( wT) - sin( 0)T))+ C

by rationalizing we get

= [1 - (cos(2 ^T) - j sin(2 WT))][(A cos(2 wt) + B cos( wt)+C)+

j(A sin(2 WT)+ B sin( «T)) ] / [(A cos(2 wt)+ B cos( WT)+C)2+

(A sin(2 0)T)+ B sin( wt))2]

For simplicity consider denominator and numerator separately,

Denominator = (A cos(2 u)T)+B cos( wT)+C)2+(A sin(2 wT)+ B sin(wT))2 

DN = A2 cos2(2 wt)+B2 cos2( U)T)+C2+2AB cos(2 wT) cos( U)T) +

2AC cos(2 wT) + 2BC cos( o>T) + A2 sin2(2 o)T)+B2 sin2( 0)T) +

2AB sin(2 wt) sin( IDT)

= A2 +B2+C2+2AB (cos(2 WT) cos( wt)+ sin{2 u>T) sin( wT)) +

2AC cos(2 wT) + 2BC cos( WT)



After simplification we get

DN = A2 + B2 + C2 + 2B(A + C) cos(o)T) + 2AC cos(2 ul) 3.24

Now consider Numerator (Nm)

Nm = (l-cos(2 o>T) + j sin(2 rnT)) [(A cos(2 wT) + B cos( (oT) + C) + 

j(A sin{2 ujT) + B sin( uT) )J

Again for simplification consider Real and Imaginary parts of the 

Numerator separately,

Real part = (1 - cos(2 ojT) )(A cos(2 usT) + B cos( o>T) + C) - 

sin(2 u)T)(A sin(2 WT) + B sin( coT))

= (A cos(2 WT) + B cos( uT) + C - A cos2(2 ojT) - 

B cos{2 WT) cos( o)T) - C cos(2 tuT) ^Asin2(2 WT) - 

B sin(2 wT) sin( wT)

After simplification and recombination of the terms we get

Real part of Nm = (C - A) + (A - C) cos(2 WT)

= (C - A) (1 - cos(2 WT) ... 3.25

Now we consider Imaginary part of numerator of equation 3.23.

Im = (1 - cos(2 osT)){A sin(2 wT) + B sin( WT)) + 

sin(2 ojT) (A cos(2 wT) + B cos( o)T) + C)

= A sin(2 ojT) + B sin( coT) - A cos(2 u)T) sin(2 o)T)-B cos(2a) T)sin(w T) 

A sin(2 qjT) cos(2 u>T) + B sin(2 wT) Cos( wT)+C sin ( wT)

After simplification we get



Im = 2B sin{WT} + (A + C) sin(2ioT) ... 3.26

From equations 3.24, 3.25, and 3.26 we can write

i(jjr (C-#l-cos(2 wr)) + j(2B sin( uJT) + (A+C) sin(2 oiT))
1 ~ A2 +B2 +C2+2B(A+C) cos( u/T)+2AC cos(2 0)TJ 3 27

Real and Imaginary parts of equation 3.27 are

(C - A) (l-cos(2 wT)
Re = ..............—...—-------------------------------------------------------- 3.28

A2 + B2 + C2 + 2B (A + C) cost WT) + 2AC cost2 WT)

j = 2B Sint o)T) + (A + C) sint2 q/T)
A2 + B2 + C2 + 2BtA + C) cost WT) + 2AC cost2 <*>T)

Magnitude and phase are calculated by using equations 3.11 and 

3.12.

3.1.4 Design of Band Stop Filter Using BLT Method:

The transfer function of a band stop filter can be obtained 

from corresponding high pass filter transfer function via transforma­

tion. This transformation gives replacement of s in H(s) of HPF 

by

(s2 + a)2)/Ws

where W - bandwidth ( ~ )

and a) - centre frequency of BSF /[ “h “s,1
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Hggts) = Hfs)
s = (s2+ to2) /Ws o

where Hgg(s) - transfer function of bandstop filter (BSF)

H(s) - transfer function of lowpass filter (LPF)

The transfer function of a 1st order high pass filter is

H(s) = s+1

s+1
S = (s2+ 102)/WS

After simplification we get

S2+ 0)2
HBS(s) " s2+Ws+ u)2

where W = to. - u>0 . co 2 = co, , con n o h x.

0) = Wi = tan .h A1 v 2 J

£0 = 2 IT FD1 Z ’

to = 2tt F D2 h

u) T
WA2 = tan (~2-----J - ^

3.30
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- lower cutoff frequency.

F^ - Upper cutoff frequency.

Now apply BLT transform to get the transfer function

‘W23 = ^S(S)
s z—1 

z+1

Hgst2)
+ 03 2o

1^3(2)
t(z-l)2+ w2(z+l)2]

[ (z-1 )2+W(z-l) (z+l)+ 03q(Z+1)2J

After simplification we get

"bs11*
-2 z +

0)0-2 z-1+l
^o

1+ <-w „ o -2 ---  z + 0),0 . 1+uj2+W-1 , o z +------
1+ 0),. 1+ W,o 1+ 0)2o
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.*
Bz + Cz + D

2 CD* - 2where A =----- Q.
1+w

B =
0 J

1 + 0)2o - W

Ur

2 o) 2 - 2 1+0) 2 + Wwo n o
1 + u2 ’ 1 + u2o o

3.31

Digital bandstop filter can be implemented from equation 3.31 using 

microprocessor-based system or EBP. For simulation, it is necessary 

to find out magnitude and phase at each input sample, which can 

be done as follows:

Take the Fourier transform of equation 3.31,

,, ,nj mT) = e'2J “T * A e'i “T * 1
^ B e-ZJ “t7 C e'J “T7d

by using Eular identity we get

j otf _ cos(2 uT)-j sin(2 uT)+A(cos( uT)-j sin( ut))+i 
B(cos(2 o)T)-j sin(2 o)T))+C(cos uT)-j sin( ut) ) + D

u tn$ off\ (cos(2 o)T}+A cos( wT}+l)-j (sin(2 o)T)+A sin( o)T))
HBS{e = (B"cos(2“ojtj+C cos( o)T)+D)-j (B sin(2 o)T)+C sin( UT))

After rationalization, consider Numerator and Denominator separately 

(m and DN)

Now consider numerator (NM)

m = (cos(2 o)T)+A cos( 0)T)+l)-j (sin(2 uT)+A sin( uT))[(B cos(2 oJT) 

+ C cos( uT)+D) + j (B sin(2 uT)+ C sin( uT))]
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Now consider Real and Imaginary parts of the above equation (1M) 

separately.

Re1 = (cos(2 <dT)+A cos( toT)+l)(B cos(2 wt)+c cos( wt)+D)

+ (B sin(2 a)T)+C sin( wT))+(sin(2 uT)+A sin( uT))

Re1 = B cos2(2 wt)+c cos(2 o>T) cos( wT)+D cos(2 wT)+

AB cos( WT) cos(2 WT)+AC cos2{ wT)+AD cos( u)T)+B cos(2 coT}+
Sin (lot)

C cos( coT)+D+B sin3(2wT)-t€sin(2wT)+AB sin( wT) sin(2 WT)+V
AC sin2 ( coT)

After simplification we get

Rej^ = B cos(2 coT) + (2C+AB+AD) cos( coT) + (B+AC+D) ... 3.32

Now consider Imaginary part (Im^)

Im^ = (cos(2 Wf)+A cos( WT)+1)(B sin(2 wTj+C sin( wT})-(sin(2 oJT) +

A sin(w«T))(B cos(2 0JT)+C cos( wT)+D)

Im^ = B cos(2 wT) sin(2 WT)+C cos(2 coT) sin( toT)+AB cos( aJT) sin(2u)T) + 

AC cos( wT) sin( wT)+B sin{2 wT)+C sin( wT)-B cos(2 wT) sin(2 wT)- 

C sin(2 coT) cos( wT)-D sin(2 wT)-AB sin( coT) cos(2 wT)- 

AC sin( wT) cos( a5T)-AD sin( u5T)

After simplification we get

In^ = (AB-AD) sin( coT) + (B-D) sin(2 ooT) ... 3.33

. *. I'M = Re^ +
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Now consider Denominator DN

DN = (B cos(2 0)T)+C cos( o)T)+D)2 + (B sin(2 WT)+C sin( wT))2 

Simplifying we get

DN = B2+C2+D2+2C(B+D) cos( wT)+2BD cos(2wT) 3.34

By combining equations 3.32, 3.33, and 3.34 we can write

H^e3 wT) = [(B cos(2 u)T) + (2C+AB+AD) cos( wT) + (B+AC+D4-))

+ j ((AB-AD) sin( u)T) + (B-D) sin(2WT))]/

[ ((B2+C2+D2 )+2C(B+D)cos( wT)+2BD cos(2o)T}) ] 2.3 5

Real and Imaginary parts of equation 3.35 are 

B cos(2 u3T) + (2C+AB+AD) cos( q)T) + (B+AC+D)
B2+C2+D2+2C(B+D) cos( wt)+2BD cos(2 WT) °*'3D

(AB-AD) sin ( WTMB-D)sin(2 a>T) 3 3?
m " B2+C2+D2+2C(B+D) cos( WT)+2BD cos(2 u>T)

Magnitude and phase is calculated using equations 3.11 and 3.12.

3.2 Development of Program for Simulation 
of Low Pass and High Pass Filters:

In this work discrete low pass, high pass, band pass 

and band stop filters have been designed. For simulation a program 

in BASIC is developed, which gives magnitude and phase response of a 

filter for any cutoff frequency.
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The parameters required for simulation of LPF are as follows:

Fn - Frequency band of interest

F^ - Cutoff frequency of LPF

Fg - Sampling frequency (Fg^ 2 F^)

Np - Number of points in the response

The constants involved in expressions for finding magnitude and 

phase are A and B. Values of these constants have been calculated from 

input parameters.

For LPF - A = 1 + 1/a, B = 1 - 1/a

WD1 T
a = tan ( -----=— )

03 1
Dp = 2 it Fp, and T = p-

The input frequency w is variable from 0 - to F . coT is the discrete
O

signal obtained by sampling input signal (having frequency oj ) by sampling

frequency F (F = 1/T). Equally spaced Np samples of this discrete s s
signal are obtained by replacing <j>T by

2T3FB

T = N F~ X 
P s

where I varies from 1 to Np.

Using equations 3.9, 3.10, 3.11 and 3.12 low pass filter has

been simulated.
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Similar procedure applies to the simulation of high pass filter.

3.3 Development of Program for Simulation of 

Band Pass and Band Stop Filters:

The parameters required for simulation of band pass filter are

as follow:

- Lower cutoff frequency 

F^ - Higher cutoff frequency 

Fg - Frequency band of interest 

F - Sampling frequency (F ^2F„)S So
N - Number of samples over Fn (Maximum - 200) p B

The values of constants have been evaluated for band pass filter 

from the above input parameters.

The constants for BPF are

1 + to2 - W 2 w2-2. o o

1 + m2 + W o

w0 = V \ J W = WH-

^Dl ^ ^02 ^
= tan ( —2----- % = tan ( “I------ ]

% = 27' Fl* WD2 = 2TrIh
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where I varies from 1 to Np.

Using equations 3.28, 3.29, 3.11 and 3.12 BPF is simulated in 

the given program.

Similar procedure applies for the simulation of band stop filter. 

3.4 Program Descript ion and Features:

The given program simulates low pass, high pass, band pass 

and band stop filters. It gives the magnitude and phase response 

in graphical representation, that helps to observe the characteristic 

curve, pass band, stop band, transition region, ripple etc.. The 

response is displayed as a graph on video screen, the hard copy 

of which can also be taken. The number of points in the graph 

are user-selectable, maximum points being 200. The aliasing problem 

can be observed by keeping Fg smaller than Fg . There is no restriction 

on cutoff frequency of the filter. The software is completely menu- 

driven. Initially main menu will appear on the screen which helps 

to select any one of the four filters. On each parameter entry 

the program displays what is to be entered next. A program for 

tolerance analysis of the filter is also supplied with this program, 

which calculates the change in cutoff frequency and change in component 

values due to component tolerance for the corresponding analog 

low pass and high pass filter.

\
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The facilities in the software and some notable features

are highlighted below:

1) The maximum as well as minimum amplitude corresponding 

to magnitude and phase response are displayed on the 

screen.

2) Computed values of magnitude, phase and input frequency 

upto the frequency band of interest with increment of 

Fg/Np are displayed. An option is provided to have the 

hard copy of the same.

3) Option is provided to display the magnitude as well as 

phase response either in graphics or in text (character) 

mode.

4) The hard copiy is available with the help of "Shift 

Prt Scr" keys.

5) Provision is made to observe magnitude as well as phase 

response keeping the same input parameters by pressing 

the key "Q" when monitor displays the response.

6) The response with change in parameters can also be 

observed, while the new parameters are being entered 

the old parameters are displayed.

7) The software is adaptive in nature in the sense that while
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displaying the response, it automatically chooses the scale 

on X and Y axes and selects the X axis position on the 

screen at optimum position so as to display positive and 

or negative points with maximum resolution.

8) For hard copy of responses load MS-DOS graphics file

before execution of the filter program. At the time of

printing use "Shift Prt Scr" keys.

9} The message "Please wait" indicates CPU is busy with

computations.

10) The main menu contains two more options Help and Exit. 

Help option gives operating information and features of 

the program, while Exit option transfers control to MS-DOS.

11) The program is made available in the form of executable file.

3.5 Listing of the Program:

The source-listing of the program for simulation of the 

LPF, HPF, BPF and BSF first order Butter worth is given below.



10 CLS .-SCREEN 1: KEY OFF
11 DIM H(200), HR(200) ,HI(200), HMAG(200), HPHS<200),FREQ(200) 
20 LOCATE 4,7:PRINT "DIGITAL FILTER"
30 LOCATE 6,13:PRINT "SOFTWARE"

16, 7,0: LOCATE 10, 10-.PRINT ”
BASED ON D. S. P. "
DEVELOPED DY 
Mr S.K. BHOLE "
GUIDED BY:-"
Dr S. R. SAWANT "
:NEXT I

)jc )f( )jc ijc * )jc )j^ ^ )jC y$C y^C )|^ 3^C )|C y$C ^ )|C 5^ 5j(
'* PROGRAM FOR MAIN MENU *

40 'COLOR 
50 LOCATE 8,13:PRINT 
60 LOCATE 12,5:PRINT 
70 LOCATE 14, 7:PRINT 
80 LOCATE 18,5:PRINT 
90 LOCATE 20, 7:PRINT
100 FOR 1= 1 TO 15000
101 
102
^ ^ )|( )|C )jC )|v )jC )|C )|C yfC y^C )|C yj^C y^C y^C y$C y|C yfC y^C )|C )|C )|C y$C y$C )|( )j( )|\ y$C ijC y^C yj^C y^ I^C y^C )|C y$C y$C y|C y$C y$C y$C )J( y$C y^C y|( )|C

110 SCREEN 2:SCREEN 0 
120 CLS :SCREEN 0 :KEY OFFH F I P M

< MAIN MENU >
DIGITAL FILTER SOFTWARE "
LOW PASS FILTER "
HIGH PASS FILTER "
BAND PASS FILTER "
BAND STOP FILTER "

‘ EXIT TO DOS
** PROGRAM FOR SELECTION OF PERTICULAR FILTER *
y|C y^C y$C y^C y^C y$C y$C y^v )|( yjC y^C y^ y^C y^C /jC y^w y^C 5^C y^C y^C yjC y^C y$C y^C y$C y^C y$C y^C 3^ 3^3 y^fC y$C 3^s 3^ i|s 3j( )f\ y^C r$C 3^ 3j( yfs y$C 3^ y$s y^ 3|( y|C 3^s

210 IM = 1 
220 COLOR 16,7,0
230 LOCATE 8,30 :PRINT "HELP 
240 LOCATE 20,28 -PRINT ”
250 LOCATE 6,28 :PRINT "
260 N = 6
270 FOR J = 1 TO 15
280 LOCATE N,50 :PRINT ” "
290 N= N+l

130 LOCATE 8,30 :PRINT 
140 LOCATE 4, 27:PRINT 
150 LOCATE 2,27 :PRINT 
160 LOCATE 10,30:PRINT 
170 LOCATE 12,30:PRINT 
180 LOCATE 14,30:PRINT 
190 LOCATE 16,30:PRINT
200 LOCATE 18,30 :PRINT
201 
202 
203

300 NEXT J 
310 N= 6
320 FOR J = 1 TO 15 
330 LOCATE N,28 :PRINT 
340 N = N +1
350 NEXT J 
360 COLOR 7,0
370 LOCATE 23,10:PRINT "SELECT PROPER CHOICE USING 'N ' (NEXT) 

KEY. THEN PRESS 'ENTER '"
380 A$= INKEY$
390 IF A$= "N" THEN 430
400 IF A$= "n" THEN 430
410 IF A$= CHR$(13) THEN 650
420 GOTO 380
430 IF IM = 6 THEN 460
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440 IM= IM+1 
450 GOTO 470 
460 IM = 1
470 IF IM = 1 THEN 530
480 IF IM = 2 THEN 550
490 IF IM = 3 THEN 570
500 IF IM= 4 THEN 590 
510 IF IM = 5 THEN 610 
520 IF IM = 6 THEN 630
530 COLOR 7,0 :LOCATE 18,30 :PRINT " EXIT TO DOS 
540 COLOR 16,7,0:LOCATE 8,30:PRINT " HELP 

GOTO 380
550 COLOR 7,0 : LOCATE 8,30 :PRINT “ HELP
560 COLOR 16,7,0:LOCATE 10,30:PRINT " LOW PASS FILTER

GOTO 380
570 COLOR 7,0 :LOCATE 10,30 : PRINT 
580 COLOR 16,7,0:LOCATE 12,30:PRINT 

GOTO 380
590 COLOR 7,0 : LOCATE 12,30 :PRINT 
600 COLOR 16, 7,0: LOCATE 14, 30'.PRINT 

GOTO 380
610 COLOR 7,0: LOCATE 14,30 : PRINT 
620 COLOR 16,7,0:LOCATE 16,30:PRINT 

GOTO 380
630 COLOR 7,0 : LOCATE 16,30:PRINT 
640 COLOR 16,7,0:LOCATE 18,30:PRINT 

GOTO 380
:IF IM = 1 
THEN 1000 
THEN 4000 !
THEN 7000 ;
THEN 10000 
THEN 800 J

LOW PASS FILTER 
HIGH PASS FILTER
HIGH PASS FILTER 
BAND PASS FILTER
BAND PASS FILTER 
BAND STOP FILTER
BAND STOP FILTER 
EXIT TO DOS

650 COLOR 7,0
660 IF IM 
670 IF IM 
680 IF IM 
690 IF IM 
700 IF IM

2
3
4
5

THEN 13000 ’GO TO PROGRAM FOR HELP 
’PROGRAM FOR L.P. F 
PROGRAM FOR H.P.F 
PROGRAM FOR B.P.F 

’PROGRAM FOR B.S.F 
PROGRAM FOR QUIT

800 SCREEN 0:SYSTEM 
1000 CLS: KEY OFF 
1010 SCREEN 0
1040 LOCATE 7,10:PRINT STRING$(64,"*")
1050 LOCATE 9,10:PRINT "THIS PROGRAM DRAWS MAGNITUDE RESPONSE 

OF A L.P.F. "
1060 LOCATE 10,10:PRINT " HAVING CUTOFF FREQ. =...FC...Hz 

USING BUTTERWORTH DESIGN"
1070 PRINT
1080 LOCATE 12,10:PRINT "SAMPLING FREQ. SHOULD BE AT LEST 2 

TIMES LARGER THAN MAX. FREQ"
1090 LOCATE 13,10:PRINT 
1100 PRINT
1110 LOCATE 15,10:PRINT 

INTERESTED),NP- NO. 
1120 LOCATE 16,10:PRINT 

Fs-SAMPLING FREQ."

" IN THE GIVEN FREQ. BAND"
"FB- IS THE BAND OF FREQ.(WE ARE 
OF POINTS"

" IN THE RESPONSE, Fc-CUTOFF FREQ.

2
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1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1231
1232 
1240 
1250 
1260 
1270 
1280 
1290
1300
1301
1302 
1310 
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1481
1482 
1490 
1500 
1510 
1520 
1530 
1540

LOCATE 18,10:PRINT STRING$(64,"*")
SCREEN 0 
COLOR 16,7,0
LOCATE 20,50 :PRINT “ PRESS SPACE BAR TO CONTINUE 
A$ = INKEY$
IF A$ = " " THEN 1190 ELSE 1170 
COLOR 16,0,0
LOCATE 20,50 :PRINT " PRESS SPACE BAR TO CONTINUE 
COLOR 7,0 CT S
GOTO 1320
’DISPLAYS PREVIOUS PARAMETERS

1^, ijv ip /y*. «y. iy, (y iy /y y. y* y. y y. y- y y y y y y y y y y y y y y y y y y y y y y y y

PRINT 
PRINT M 
PRINT "
PRINT "
PRINT "
PRINT M 
PRINT
’PROGRAM FOR ENTERING PARAMETERS

PREVIOUS PARAMETERS ARE 
FB =";FB 
NP = " ; NP 
FS = "; FS 

FC = ";FC

) « J- >1* vb -If* ^ ^ ^ A1 A* At A1 ^ ^L> ^ tA* A* ^ ^ A' ^ tA* ^ ^ ^ ^ ^ ^ ^
y y y y /y» y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y

PRINT " ENTER NEW PARAMETERS "
PRINT " THIS IS A LOW PASS FILTER DESIGN (BUTTER
WORTH)
PRINT
PRINT " ENTER FB BAND OF FREQUENCY OVER WHICH YOU ARE 
INTRESTED"
INPUT FB
PRINT "ENTER NP FROM 20 TO 200 "
INPUT NP
PRINT " ENTER FS AT LEAST 2 TIMES LARGER THAN FB"
INPUT FS
PRINT "ENTER THE VALUE OFF FC (CUTOFF FREQUENCY)
INPUT FC
NU=(2*FB*3.14/(NP*FS))
PRINT " THE VALUE OF Pinew IS ";NU 
SCREEN 0 :CLS 
COLOR 16,7,0
LOCATE 11,30:PRINT STRING$(24,"*")
LOCATE 12,30: PRINT ” PLEASE WAIT--- * "
LOCATE 13,30:PRINT STRING$(24, "*”)
’PROGRAM FOR GENERATING POINTS FOR THE RESPONSES
) ^ ^ ^ ^ ^ ^L* ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ At A A A A A A A A A A A A A A A A A A ■ I -
y y y y Or* y y y *T* y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y

A = 1+(1/TAN(3.142*FC*(1/FS)))
B = l-(1/TAN(3.142*FC*(1/FS)))
FOR 1=1 TO NP
H(I)=(2*FB*3,14/(NP*FS))*I’The value of pi neu=(2*fc/np*fs) 
HR(I)=(A+B)*(l+COS(H(I)))/(A*A+B*B+2*A*B*COS(H(I)))
HI(I) = (B-A)*SIN(H(I))/(A*A+B*B+2 *A*B*COS(H(I)))

3
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1550 HMAG<I)=SQR<(HR(I)*HR<I))+(HI(I)*HI(I))>
1560 HPHS(I)=ATN(HI(I)/HR(I))
1570 F=FB/NP 
1580 FREQ<I)=F*I1590 'PRINT HR(I),HI(I),HMAG(I),HPHS(I),FREQ{I)
1600 NEXT I 
1610 COLOR 16,0,0
1620 LOCATE 11,30:PRINT STRING$(24,"*")
1630 LOCATE 12,30:PRINT " *-- PLEASE WAIT-----* *’
1640 LOCATE 13,30:PRINT STRING$< 24, "*")
1650 COLOR 7,0 
1660 GOTO 1740 
1670 PRINT1680 PRINT " THE PREVIOUS PARAMET

ERS ARE "
1690 PRINT " FB = "; FB
1700 PRINT " NP - " ;NP
1710 PRINT " FS = “ ;FS
1720 PRINT " FC = "; FC
1730 PRINT1740 LOCATE 10,10:PRINT “DO YOU WANT TO OBSERVE READINGS (Y/N)“ 
1750 LOCATE 11,20:PRINT "USE CAPITAL LETTERS"
1760 A$=INKEY$
1770 IF A$="Y" THEN 1800 
1780 IF A$="N" THEN 1840 
1790 GOTO 1760
1800 PRINT " FREQ HMAG(I) HPHS(I) "
1810 FOR 1= 1 TO NP
1820 PRINT FREQ(I)," " HMAG{I)," "HPHS{I)
1830 NEXT I
| Q UlrJ iji iji <f> jT1 t- T4 T4 ‘T1 'T1 if T4 'T4 if if * 'T4 iT4 'r4 ’r4 * T4 'T* if “ 'T4 'T- /TS T4 T4 T4 *r4 /7V T4 T4 'T4 T4 nr4 T4 'p T4 'p 'p *f 'P 'P “T4 *p ^p

1850 '* prog to find largest no. from array HMAG(I) *
| Q Q l/J if. if |f if if if if If (f. f. f. ^ if if f if if If f f If If if" f If If If If If If f If If If f If If If If If If If f If If If If If f f

1870 HG=0 ’ let hg be largest no 
1880 FOR I = 1 TO NP 
1890 IF HG>HMAG(I) THEN 1910 
1900 HG = HMAG{I)
1910 NEXT I
4 Q fj /"Jl J ^ ^ vLi %£■ OU \£r ^ ^ ^ i 4̂ ^ i^4 ^ OL> ^ ^ ^ ^ *Xi ^ ^ ^ ^ ^ ^ V^I ^ ^ ^ ^ di ^ ^ ^ ^
I M t/J jf. if f f f f f if f f i^^ if f if f if f f if if f f if if if if f f if if if if i^^ if f f if f f if if f if f if if f

1930 '* prog to find largest no. from HPHS(I) *
^ 0 ^ v|l v^/ kjji «|^ ^ v^4 v|i ^ Sj|/ «^i ^ v^/ ^

1950 HPG=0 'let HPG be the largest no. in HPHS(I)
1960 FOR 1= 1 TO NP
1970 IF HPG>HPHS(I) THEN 1990
1980 HPG = HPHS(I)
1990 NEXT I
2000 'PROGRAM TO FIND SMALLEST NO. FROM HPHS(I)2010 ' = = =: = = = = = = =: = :=== = = = = = === = = = :i = = = = = = = = = = =::= = := = = = =:=
2020 HPL = 1 '( LET SMALLEST NO. )
2030 FOR 1= 1 TO NP

4
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2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530

IF HPL < HPHS(I) THEN 2060 
HPL= HPHS(I)
NEXT I
> ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ vj|> ^ ^ <j|f ^ <|^ ^ ^

'* PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE *^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ £
PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I) IS =";HG
PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) IS =";HPG
PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS<I) IS =";HPL
FOR 1= 1 TO 2000 
NEXT I
CLS:PRINT " WHICH RESPONSE DO YOU WANT TO SEE "
PRINT " MAGNITUDE OR PHASE (M/P)
PRINT " USE CAPITAL LETTERS"
P$=INKEY$
IF P$="M" THEN 2220 'CHECK FOR MAGNITUDE & PHASE RESPONSE 
IF P$=“P" THEN 2220 
GOTO 2180
PRINT " RESPONSE IN GRAPHICS OR TEXT MODE (G/T) “ 
D$=INKEY$
IF D$="G" THEN 2270 
IF D$="T" THEN 2270 
GOTO 2230

^ )|( * )j( )|( 5j( ^ ^ )j( )j( )|( )j( )j( )j( )j( rj( ?|( )j( )j( )j( 5^ * )j( J^s )j( )j( )J( * 5j( )|( )j( )j(

'* PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS *
y ^ ^ ^ ^ ^ ^ ^ ^ ^ ^L* ^ ^ ^ ^ ^ ^ \^r ^L* ^ ^ ^ ^ ^ i^/ ^ ^ ^ ^ ^ ^ ^ i^r ^Lp tL> 'J* ^ |±p ^ >X* .!> .

*T- <T- *■ ^ *T* * * *T- 4r* * * ^ ^ ^ ^T* ^ ^ ^ ^ ip ^ ^ ^ ^ ^r* * ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i^,

SCREEN 2:CLS:KEY OFF'up to next i is for callibrating X axix FOR 1=1 TO 10 
FOR J=1 TO 3 
PSET(60*I,(200-J))
NEXT J 
NEXT I
FOR 1= 1 TO 10 'from this to next i are for callibrating Y axis
FOR J=1 TO 5
PSET(J,20*I)
NEXT J 
NEXT I
LINE(0,199)-{630,199) 'draws X axis 
LINE{0,0)-{0,200) ' draws Y axisIF P$="M" THEN 2450
IF P$="P" THEN 2470
IF D$="G“ THEN 2520 'MAGNITUDE RESPONSE IN GRAPHICS MODE
IF D$="T" THEN 2730 '-------- "------------ TEXT MODE
IF D$="G" THEN 2790 ' PHASE RESPONSE IN GRAPHICS MODE
IF D$="T" THEN 3520 ' --------- "--------- TEXT MODE’############################################################
'# PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE #' ############################################################ 
FOR 1=1 TO NP 'from this to next i draws GRAPH
X={600/NP)*1 'CALCULATES THE X - CO-ORDINATE

5
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2540 Y=HMAG{I)*(200/HG) "CALCULATES Y- CO0ORDINATE
2550 PSET(X,(200-Y)),1 "ORIGIN IS SHIFTED TO BOTTOM LEFT CORNER
2560 NEXT I
2570 XS=FB/10: YS=HG/10
2580 LOCATE 2,50 : PRINT "-------- scale--------”
2590 LOCATE 3,50 :PRINT “X axis- ldiv=";XS "Hz"
2600 LOCATE 4,50 :PRINT "Y axis- ldiv=“;YS ”U"
2610 LOCATE 1,40 :PRINT "A GRAPH OF FREQ. Vs MAGNITUDE OF L.P.F. 
2620 Q$=INKEY$
2630 IF Q$="Q" THEN 2650 
2640 GOTO 2620
2650 CLS: PRINT " DO YOY WANT T0 QUIT (Q)/ CHANGE PARAMETER (C)"
2660 PRINT " OR RESUME PREVIOUS PARAMETER <R) — Q/C/R--- “
2670 Q$=INKEY$
2680 IF Q$="Q" THEN 120 "GOES TO MAIN MENU
2690 IF Q$="C" THEN 1240 "GOES TO CHANGE PARAMETERS
2700 IF Q$="R” THEN 1670 "GOES TO RESUME WITH SAME PARAMETERS
2710 GOTO 2670
2720 GOTO 2520
2721 ’ PROGRAM TO DRAW MAGNITUDE IN TEXT MODE
2 ^ f 2 2 ^ ^ )|c )|C ^ )jc )jc jjc )|C ir^C )|C 5jC ^ !jC

2730 FOR 1=1 TO NP 
2740 N=HMAG(I)
2750 N1=INT(60/.99)*N 
2760 PRINT TAB(N1)
2770 NEXT I 
2780 GOTO 2620
Q O O /X 9 ^ \X- ^ ^ ^ ^ ^ vL*1 ^L* ^ ^ ̂  ^ ^ ^ ^ ^ ̂  ̂  ̂  ^ ^ A, ^ ^i* ^ ^ ^ ^ ^ ̂  ^ ̂  ̂  ̂  ̂  ̂
^ / Jy *T* ̂  *p fp ̂  ^ fy» *p fp Ip Ip 1^ Ip. Ip Ip Ip Ip Ip Ip Ip Ip Ip* 1^^ Ip- Ip 1^ 1^ p 1^^ ^ Ip* ^P* Ip Ip r^\ ^ ^ 1^ ^ ^ ifv ^ ^

2800 ’ PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE *
O Q 4 /Tt 9 «Xr iLi tii sir «lr ill vii >!• il> >1> \V* ill ill ill ill ill ill il sir ill ill i^ ^i <1* li «li vL* sir li \l. .1 ill |L< ill i(. i lr sir ill vL- il* ill li/ ill ill ill * Li d/ vLr ill
/. O i Jy 'r- * 'T- T“ lT' * p p p p T P P T1 P p p P p> p p P ^i p P P p P p p p P p p p p p p p p p p p p p p p p p p

2820 SI =SGN(HPG) ’ SIGN OF LARGEST NO
2830 S2 = SGN(HPL) " ------ SMALLEST—
2840 IF SI =1 THEN 2870 
2850 IF SI =-l THEN 2900 
2860 IF SI =0 THEN 2930 
2870 IF S2 = 1 THEN 2960 
2880 IF S2 = -1 THEN 3080 
2890 IF S2 = 0 THEN 2960
2900 IF S2 = 1 THEN 3510 "END
2910 IF S2 =-l TEIEN 3310 
2920 IF S2 = 0 THEN 3510 "END
2930 IF S2 = 1 THEN 3510 "END
2940 IF S2 = -1 THEN 3310
2950 IF S2 = 0 THEN 3510 "CONSTANT 0 (END)
2960 FOR 1= 1 TO NP
2970 X= (600/NP)*1
2980 Y = HPHS(I)*{200/HPG)
2990 PSET{X,(200-Y))
3000 NEXT I 
3010 XS=FB/10

6
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3020 YS= HPG/10
3030 LOCATE 3, 50: PRINT "-------- SCALE-------- "
3040 LOCATE 4, 50:PRINT "X-axis-1 div=";XS"Ha" 
3050 LOCATE 5,50:PRINT "Y-axis-1 div=";YS"u"
3060 LOCATE 2, 50:PRINT "A GRAPH OF FREQ.VS PHASE 
3070 GOTO 2620 ' FOR QUIT 
3080 PTOT = HPG+ABS{HPL)
3090 STP = INT(200/PTOT)
3100 Y = ABS(HPL)*STP
3110 LINE (0,(200-Y))-<630,(200-Y))
3120 FOR I = 1 TO 10
3130 FOR J = 1 TO 3
3140 PSET(60*1,{(200-Y)-J))
3150 NEXT J 
3160 NEXT I 
3170 FOR I = 1 TO NP 
3180 X= (600/NP)*1
3190 Y= (HPHS(I)+ABS(HPL))*(200/(HPG-HPL))
3200 PSET(X,(200-Y))
3210 NEXT I
3220 LINE (0,199)-(630,199),0
3230 FOR I = 1 TO 10
3240 FOR J = 1 TO 3
3250 PSET(60*1,(200-J)),0
3260 NEXT J
3270 NEXT I
3280 XS=FB/10
3290 YS=(HPG-HPL) /10
3300 GOTO 3030 ’ TO DISPLAY SCALE
3310 FOR I = 1 TO 10
3320 FOR J = 1 TO 4
3330 PSET(60*1,J)
3340 NEXT J 
3350 NEXT I
3360 LINE{0,0)-{630,0)
3370 LINE(0,199)-(630,199),0
3380 FOR I = 1 TO NP
3390 X= (600/NP)*1
3400 Y= ABS(HPHS(I))*(200/ABS(HPL))
3410 PSET(X,Y)
3420 NEXT I
3430 FOR I =1 TO 10
3440 FOR J= 1 TO 3
3450 PSET*60*1,(200-J)),0
3460 NEXT J
3470 NEXT I
3480 XS= FB/10
3490 YS= ABS(HPL)/10
3500 GOTO 3030
3510 END

7
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3520 ' fc**#***********#**************:*:#:#:**#:****#***** "
3530 ’* PROGRAM FOR DRAWING PHASE IN TEXT MODE * "
3540 J *^*^****:***4****!*;Hc.*:*:^*:*:*'.*:>l<^*:>l<:>f!:*>![:^*:*:*'!)c*:Hi:>i<*:*:*:**:*"
3550 N= 0
3560 FOR J= 1 TO 8 
3570 FOR I = 1 TO 9 
3580 K=(N+I)
3590 PRINT TAB(K); "-";
3600 NEXT I
3610 N= J*10
3620 PRINT TAB(N); " 1";
3630 NEXT J
3640 IF NP > 100 THEN 3670
3650 M=10
3660 GOTO 3680
3670 M= 20
3680 N= 0
3690 FOR J=1 TO M
3700 FOR I = 1 TO INT((NP/M)-1)
3710 K= (N+I)
3720 PRINT TAB( 1)"!"; TAB(K) "*"
3730 NEXT I
3740 N= J*((NP/M)-1)
3750 PRINT TAB(1)"-";TAB(K)"*"
3760 NEXT J 
3770 GOTO 2620 
4000 CLS : KEY OFF 
4010 SCREEN 0
4040 LOCATE 6,10:PRINT STRING$(63,"*")
4050 LOCATE 9,10:PRINT "THIS PROGRAM DRAWS MAGNITUDE RESPONSE OF 

H.P.F. 200 TO 1 KHz"
4060 LOCATE 11,10:PRINT " HAVING CUTOFF FREQ. =..FC___ Hz USING

BUTTERWORTH DESIGN"
4070 LOCATE 13,10:PRINT "SAMPLING FREQ. SHOULD BE AT LEAST= 2*FB" 
4080 LOCATE 15,10:PRINT "FB - IS THE BAND OF FREQ.(WE ARE INTERE 

STED),"
4090 LOCATE 16,10:PRINT "NP - No. OFF POINTS IN THE RESPONSE , " 
4100 LOCATE 17,10:PRINT "FS - SAMPLING FREQUENCY 
4110 LOCATE 18,10:PRINT "FC - CUTOFF FREQUENCY 
4120 LOCATE 20,10:PRINT STRING${63,"*")
4130 SCREEN 0 
4140 COLOR 16,7,0
4150 LOCATE 23,50 :PRINT " PRESS SPACE BAR TO CONTINUE "
4160 A$ = INKEY$
4170 IF A$ = " " THEN 4180 ELSE 4160 
4180 COLOR 16,0,0
4190 LOCATE 20,50 :PRINT " PRESS SPACE BAR TO CONTINUE "
4200 COLOR 7,0 
4210 CLS 
4220 GOTO 4310

8
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4230 PRINT 
4240 PRINT "
4250. PRINT "
4260 PRINT "
4270 PRINT "
4280 PRINT "
4290 PRINT
4300 PRINT " ENTER NEW PARAMETERS 
4310 PRINT " THIS

(BTJTTERWORTH) "
4320 PRINT 
4330 PRINT

PREVIOUS PARAMETERS ARE
FB = "; FB
NP = ";NP
FS = "; fs
FC = ";FC

IS A HIGH PASS FILTER DESIGN

4340 PRINT " ENTER FB FROM (BAND OF FREQUENCY OVER WHICH WE ARE 
INTERESTED)"

4350 INPUT FB
4360 PRINT "ENTER NP FROM 20 TO 200 "
4370 INPUT NP
4380 IF NP>200 THEN 4360
4390 PRINT " ENTER FS AT LEAST 2 TIMES LARGER THAN FB"
4400 INPUT FS
4410 5 IF FS<2*FB THEN 400
4420 PRINT "INPUT FC- CUTOFF FREQUENCY"
4430 INPUT FC
4440 NIJ = (2*FB*3. 14/(NP*FS))
4450 PRINT " THE VALUE OF Pinew IS ";HU 
4460 SCREEN 0 :CLS 
4470 COLOR 16,7,0
4480 LOCATE 11,30:PRINT STRING$(24, "*")
4490 LOCATE 12,30: PRINT " *— PLEASE WAIT----* "
4500 LOCATE 13,30:PRINT STRING$(24,"*")
4510 A =TAN(3.142*FC*(1/FS))+l 
4520 B - TAN(3.142*FC*(1/FS))-1 
4530 SAM =((2*FB)*<3.142)/(FS*NP))
4540 FOR 1-1 TO NP 
4550 H(I)-SAM*I
4560 HR( I) -(A-B) *( 1 -COS(II( I) ) )/(A*A+B*B+2*A*B*COS(H( I) ) )
4570 HI(I) = (A+B)*SIN(H(I))/(A*A+B*B+2 *A*B*COS(H(I)))
4580 HMAG(I)=SQR((HR(I)*HR(I))4(HI(I)*HI (I)))
4590 HPHS(I)=ATN(HI(I)/HR(I))
4600 F=FB/NP 
4610 FREQ(I)=F*I 
4620 NEXT I 
4630 COLOR 16,0,0
4640 LOCATE 11,30:PRINT STR1NG$(24,"*")
4650 LOCATE 12,30:PRINT " *--  PLEASE WAIT ----* "
4660 LOCATE 13,30:PRINT STRING$(24,"*")
4670 COLOR .7,0 
4680 GOTO 4750
4690 PRINT " THE PREVIOUS PARAMET

ERS ARE "

9
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4700 PRINT " FB = " ;FB
4710 PRINT " NP - "; NP
4720 PRINT " FS = " ;FS
4730 PRINT " FC = “;FC
4740 PRINT
4750 LOCATE 10,10:PRINT “DO YOU WANT TO OBSERVE READINGS (Y/N)" 
4760 LOCATE 11,20:PRINT “USE CAPITAL LETTERS"
4770 A$=INKEY$
4780 IF A$="Y" THEN 4810 
4790 IF A$=“N" THEN 4850 
4800 GOTO 4770
4810 PRINT " FREQ HMAG(I) HPHS(I) "
4820 FOR 1= 1 TO NP
4830 PRINT FREQ(I)," " HMAG(I),“ " HPHS(I)
4840 NEXT I4850 5 **************************************************
4860 ’* prog to find largest no. from array HMAG(I) *
u Q / tel ^ ^ /fs »x- <TV * /TS 'T' 'T' *TV if* 'T- «TV /T- * “t *T* *T- 'T' 'p ’T* <T* * T- 'r- 'p T* 't T- 'T* T1 »f- 'T* *■ 'T* *p 'T' »T “ <r *p'T' <T> 'p T1 'p T1

4880 HG=0 * let hg be largest no 
4890 FOR I = 1 TO NP 
4900 IF HG>HMAG(I) THEN 4920 
4910 HG = HMAG{I)
4920 NEXT I
A O O /H ) vi»- sb sL- kJ/ ^ tir ^ 4, dr iir \L/ 4’ dr 4 44444444444444444444444444444444444 <C£ y 0 Jf. if. /f. Jf. if f f f f f f f f if f f f f f f f <f. f. f if> >f <f f <f (f if f f f *T' f f f f f f <T- f f f f f f •T' *T- f

4940 ’* prog to find largest no. from HPHS(I) *
a a r S7. f 444444444444444444444444^,4^’4^'44'44444^^'^^^^^^^^k‘!^^^^^CX M - I f f f f f f f f f f ^p, f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f i^ f f

4960 HPG=0 5 let HPG be the largest no. in HPHS(I)
4970 FOR l- 1 TO NP
4980 IF HPG>HPHS{I) THEN 5000
4990 HPG = HPHS(I)
5000 NEXT I
5010 ’PROGRAM TO FIND SMALLEST NO. FROM HPHS(I)5020 ’=============================================
5030 HPL = 1 ’( LET SMALLEST NO. )
5040 FOR 1= 1 TO NP
5050 IF HPL < HPHS(I) THEN 5070
5060 HPL= HPHS(I)
5070 NEXT I

/'A A/X 9 444 4444444444444444444444444444444444444444444444’4'444444*■ I y I j iyj f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f

5090 ’* PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE *
^ ^ ̂  v|^ ^ v|^> ^ ^ i^i * ^ \^r * ^ ^i ^ ^ v|^ y^i y|^ ^ y^/ 1^1 y|^ i^» y^> ^ y^» y^/ ^ ^

5110 PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I) IS = ";HG
5120 PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) IS =";HPG
5130 PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS(I) IS =";HPL
5140 FOR 1= 1 TO 1000 
5150 NEXT I
5160 CLS:PRINT " WHICH RESPONSE DO YOU WANT TO SEE “
5170 PRINT " MAGNITUDE OR PHASE (M/P)
5180 PRINT " USE CAPITAL LETTERS"
5190 P$=INKEY$

10
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5200 IF P$="M" THEN 5230 
5210 IF P$="P” THEN 5230 
5220 GOTO 5190
5230 PRINT " RESPONSE IN GRAPHICS OR TEXT MODE (G/T) “
5240 D$=INKEY$
5250 IF D$="G" THEN 5280 
5260 IF D$="T" THEN 5280 
5270 GOTO 52405280 ’@©@@@@@®®@@@@@@@@@@@@@@@®@@@@@@@@©@@@@@@@@@@@@@@@@@@@@@@@@ 
5290 ’@ PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS @
5300 ’®@@@@@@@@@@@@®®@@®@@@®@@®®@@@@@@@@®@@@®@@@@®@@@®@@@@@®@@@@ 
5310 SCREEN 2:CLS:KEY OFF ’up to next i is for callibrating X 

axix
5320 FOR 1=1 TO 10 
5330 FOR J=1 TO 3 
5340 PSET(60*I,(200-J))
5350 NEXT J 
5360 NEXT I
5370 FOR 1= 1 TO 10 ’from this to next i are for callibrating Y 

axis
5380 FOR J=1 TO 5 
5390 PSET(J,20*I)
5400 NEXT J 
5410 NEXT I
5420 LINE(0,199)-(630,199) ’draws X axis
5430 LINE(0,0)-<0,200) ’ draws Y axis
5440 IF P$="M" THEN 5460
5450 IF P$="P" THEN 5480
5460 IF D$=“G" TflEN 5530
5470 IF D$="T" THEN 5740
5480 IF D$=',G" THEN 5800
5490 IF D$="T“ THEN 6530
5500 ’ ########################################################## 
5510 ’# PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE 
5520 ’########################################################## 
5530 FOR 1=1 TO NP ’from this to next i draws GRAPH
5540 X=(600/NP)*1 ’FACTOR 8 IS USED for scaling X axis 
5550 Y=HMAG(I)*(200/HG) ’ factor 3.84 is used for Y axix 5560 PSET(X, (200-Y)), 1 5570 NEXT I
5580 XS=FB/10: YS=HG/10
5590 LOCATE 2,50 : PRINT "----- scale-----"
5600 LOCATE 3,50 :PRINT "X axis- ldiv=";XS "Hz- 
5610 LOCATE 4,50 :PRINT "Y axis- ldiv=";YS "U"
5620 LOCATE 1,40 :PRINT" A GRAPH OF FREQ.Vs MAGNITUDE OF H.P.F." 5630 Q$=INKEY$
5640 IF Q$="Q" THEN 5660 
5650 GOTO 5630
5660 CLS: PRINT " DO YOY WANT T0 QUIT (Q)/ CHANGE PARAMETER (C)" 
5670 PRINT " OR RESUME PREVIOUS PARAMETER (R) — Q/C/R--- "
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5680
5690
5700
5710
5720
5730
5740
5750
5760
5770
5780
5790
5800
5810
5820
5830
5840
5850
5860
5870
5880
5890
5900
5910
5920
5930
5940
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170

Q$=INKEY$
IF Q$="Q" THEN 120 
IF Q$="C" THEN 4230 
IF Q$="R“ THEN 4690 
GOTO 5680 
GOTO 5530 
FOR 1=1 TO NP 
N=HMAG(I)
N1=INT(60/.99)*N 
PRINT TAB(N1) "*"
NEXT I 
GOTO 5680
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 1^* ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

' PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE *^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^
51 =SGN(HPG) ' SIGN OF LARGEST NO
52 = SGN(HPL) ' ------ SMALLEST—
IF SI =1 THEN 5880
IF SI =-l THEN 5910 
IF SI =0 THEN 5940 
IF S2 = 1 THEN 5970 
IF S2 = -1 THEN 6090 
IF S2 = 0 THEN 5970 
IF S2 = 1 THEN 6520 'END 
IF S2 =-l TE1EN 6320 
IF S2 = 0 THEN 6520 'END 
IF S2 = 1 THEN 6520 'END 
IF S2 = -1 THEN 6320
IF S2 = 0 THEN 6520 'CONSTANT 0 (END)
FOR 1= 1 TO NP 
X= (600/NP)*1
Y = HPHS(I)*{200/HPG)
PSET(X, (200-Y))
NEXT I 
XS=FB/10 
YS= HPG/10
LOCATE 3,50: PRINT "----- SCALE-----"
LOCATE 4,50: PRINT "X-axis-1 div=";XS"Hz"
LOCATE 5,50:PRINT "Y-axis-1 div=";YS"u"
LOCATE 2,40:PRINT "A GRAPH OF FREQ.VS PHASE "GOTO 5630 ' FOR QUIT 
PTOT = HPG+ABS(HPL)
STP = INT{200/PTOT)
Y = ABS(HPL)*STP
LINE (0,(200-Y)>-(630,(200-Y))
FOR I = 1 TO 10 FOR J = 1 TO 3 
PSET(60*I,((200-Y)-J))NEXT J 
NEXT I

12



76
6180 FOB I = 1 TO NP 
6190 X= (600/NP)*1
6200 Y= (HPHS{I) +ABS(fIPL) ) * (200/{HPG-HPL))
6210 FSET(X,(200-Y))
6220 NEXT I
6230 LINE (0,199>-(630,199),0
6240 FOR I = 1 TO 10
6250 FOR J = 1 TO 3
6260 PSET< 60*1,(200-J)), 0
6270 NEXT J
6280 NEXT I
6290 XS=FB/10
6300 YS=(HPG-HPL)/10
6310 GOTO 6040 ’ TO DISPLAY SCALE
6320 FOR I = 1 TO 10
6330 FOR J = 1 TO 4
6340 PSET(60*I,J)
6350 NEXT J
6360 NEXT I
6370 LINE<0,0>-(630,0)
6380 LINE(0,199)-{630,199),0
6390 FOR I = 1 TO NP
6400 X= {600/NP)*1
6410 Y= ABS{HPHS{I))*(200/ABS(HPL))
6420 PSET(X,Y)
6430 NEXT I
6440 FOR I =1 TO 10
6450 FOR J= 1 TO 3
6460 PSET(60*I,(200-J)),0
6470 NEXT J
6480 NEXT I
6490 XS= FB/10
6500 YS= ABS(HPL)/10
6510 GOTO 6040
6520 END0 Q 2 0 ^ )j( )|( J|( »j( jjc
6540 ’* PROGRAM FOR DRAWING PHASE IN TEXT MODE *
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i^» ft I

6560 N= 0
6570 FOR J= 1 TO 8 
6580 FOR I = 1 TO 9 
6590 K=(N+I)
6600 PRINT TAB<K)
6610 NEXT I
6620 N= J*10
6630 PRINT TAB(N);"!";
6640 NEXT J
6650 IF NP > 100 THEN 6680 
6660 M=10 
6670 GOTO 6690
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6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
7000
7010
7040
7050

7060

7070
7080

7090
7100
7110

7120
7130
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320

7330
7340
7350

INT((NP/M}-1) 

1 j ";TAB(K)"*" 

-1)
;TAB(K)

M= 20 
N= 0
FOR J=1 TO M 
FOR I = 1 TO 
K= (N+I)
PRINT TAB(1)‘
NEXT I
N= J*( (NP/M)- 
PRINT TAB{1)'
NEXT J 
GOTO 5630 
CLS :KEY OFF 
SCREEN 0
LOCATE 6, 10'.PRINT STRING$(62, )
LOCATE 9, 10: PRINT “'THIS PROGRAM DRAWS MAGNITUDE RESPONSE OF 
B.P.F. 200 TO 1 KHz"
LOCATE 11,10:PRINT " HAVING CUTOFF FREQ. = .FH & FL Hz USING 
BUTTERWORTH DESIGN"
LOCATE 13,10:PRINT "SAMPLING FREQ. SHOULD BE AT LEAST=2*FB" 
LOCATE 15,10:PRINT "FB - IS THE BAND OF FREQ.(WE ARE INTERE 
STED),"
LOCATE 16,10:PRINT “NP - No. OFF POINTS IN THE RESPONSE , " 
LOCATE 17,10:PRINT "FS - SAMPLING FREQUENCY 
LOCATE 18,10:PRINT "FH-& FL- UPPRE & LOWER CUTOFF FREQUENC 
IES "
LOCATE 20,10:PRINT STRING$(62,"*")
SCREEN 0 
COLOR 16,7,0
LOCATE 23,50 :PRINT " PRESS SPACE BAR TO CONTINUE "
A$ = INKEY$
IF A$ = “ " THEN 7180 ELSE 7160 
COLOR 16,0,0
LOCATE 20,50 :PRINT " PRESS SPACE BAR TO CONTINUE "
COLOR 7,0 
CLS
GOTO 7320 
PRINT

PREVIOUS PARAMETERS ARE " 
FB = " ; FB 
NP =";NP 
FS =";FS 
FH =";FH 
FL =";FL

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

ENTER NEW PARAMETERS "
THIS IS A BAND PASS FILTER DESIGN

(BUTTERWORTH) "
PRINT
PRINT
PRINT " ENTER FB FROM (BAND OF FREQUENCY OVER WHICH YOU
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7360
7370
7380
7390
7400
7410
7420
7430
7440
7450
7460
7470
7480
7490
7500
7510
7520
7530
7540
7550
7560
7570
7580
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7710
7720
7730
7740
7750
7760
7770
7780
7790
7800
7810
7820
7830

ARE INTERESTED)"
INPUT FB
PRINT "ENTER NP FROM 20 TO 200 "
INPUT NP
IF NP>200 THEN 7370
PRINT “ ENTER FS AT LEAST 2 TIMES LARGER THAN FB" 
INPUT FS
’IF FS<2*FB THEN 400
PRINT "INPUT FH- UPPER CUTOFF FREQUENCY"
INPUT FH
PRINT “INPUT FL- LOWER CUTOFF FREQUENCY "
INPUT FL
IF FL>FH THEN 7430 
NU=(2*FB*3.14/(NP*FS))
PRINT " THE VALUE OF Pinew IS ";NU 
SCREEN 0 :CLS 
COLOR 16,7,0
LOCATE 11,30:PRINT STRING$<22,"*")
LOCATE 12,30:PRINT " *—- PLEASE WAIT----* "
LOCATE 13,30:PRINT STRING$(22,)
AM=< <2*FB)*<3.142)/{FS*NP))
W= {TAN(3.142*FH*(1/FS)))-(TAN(3.142*FL*<1/FS)))
W0 = {TAN(3.142*FH*(1/FS)))*(TAN(3.142*FL*(1/FS))) 
A =(1+W0-W)/W 
B =(2*W0-2)/W 
C =(1+W0+W)/W
FOR 1=1 TO NP 
H<I)=AM*I 

WT = H(I)
DN=(A*COS(2 *WT)+B*COS(WT)+C)~2+(A*SIN(2*WT)+B*SIN <WT)) 
HR(I)=W*<(C-A)+{A-C)*COS{2*WT))/DN 
HI(I)=W*(2*B*SIN{WT)+{A+C)*SIN(2*WT))/DN 
HMAG(I)=SQR((HR(I)*HR(I))+(HI(I)*HI(I)))
HPHS(I)=ATN(HI(I)/HR(I))
F=FB/NP 
FREQ(I)=F*I 
NEXT I
COLOR 16,0,0 
LOCATE 11,30:PRINT 
LOCATE 12, 30'.PRINT 
LOCATE 13,30:PRINT 
COLOR 7,0 
GOTO 7850 
PRINT "
ERS ARE "
PRINT 
PRINT 
PRINT 
PRINT 
PRINT

STRING$(22, "*" 
" *— PLEASE 
STRING$< 22,"*"

)
WAIT---
)

THE PREVIOUS PARAMET
FB = "; FB
NP - "; NP
FS = "; FS
FH = "; FH
FL = "; FL
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7840 PRINT7850 LOCATE 10,10:PRINT "DO YOU WANT TO OBSERVE READINGS (Y/N)" 
7860 LOCATE 11,20:PRINT "USE CAPITAL LETTERS"
7870 A$=INKEY$
7880 IF A$="Y" THEN 7910 
7890 IF A$="N" THEN 7950 
7900 GOTO 78707910 PRINT " FREQ HMAG(I) HPHS(I) "
7920 FOR 1= 1 TO NP
7930 PRINT FREQ(I)," " HMAG(I)," "HPHS(I)
7940 NEXT I7950 5 **************************************************
7960 ’* prog to find largest no. from array HMAG(I) *
7970 ’**************************************************
7980 HG=0 ’ let hg be largest no 
7990 FOR I = 1 TO NP 
8000 IF HG>HMAG(I) THEN 8020 
8010 HG = HMAG(I)
8020 NEXT I
Q yfi J| uy if T “ T T' T- T- 'T' *4- /T' T1 'r T1 'T* *T* T* * '4 * 'T- <T> “T* *4- 4- *4- *T* 'p * *TS T1 '4* <T‘ *T* nr‘ 'T* T1 <Ts 'r 'T' T 'T- 'T* T1 'T' <4 'T’ *T* “ T1

8040 ’* prog to find largest no. from HPHS(I) *
0 yj rj ^ #x. *4 <X’ * 4s ,p 4* 4* 4 4 ^44 4 4 4 4 4 ^4 4 4* 4* 4 4' 4* 4 4 44 4 4 4 4 4*444444444444 44444

8060 HPG=0 ’let HPG be the largest no. in HPHS(I)
8070 FOR 1= 1 TO NP
8080 IF HPG>HPHS(I) THEN 8100
8090 HPG = HPHS{I)
8100 NEXT I
8110 ’PROGRAM TO FIND SMALLEST NO. FROM HPHS(I)8120 ’=============================================
8130 HPL = 1 ’( LET SMALLEST NO. )
8140 FOR 1= 1 TO NP
8150 IF HPL < HPHS(I) THEN 8170
8160 HPL= HPHS(I)
8170 NEXT I
0 0 y tjj' £ Vjf ^ ^ ^ vji* v|/ l^- k|^ k|^ k|^ kj^ kjjj- k|^ kj^ kj|j- kj^ k|^ kj^ k^/ k^ k^ k|^ kj|^ k^ k|» k|^ kj|» £ kj^> k|^ ^

8190 ’* PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE *8200 ’********************************************************* 
8210 PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I) IS = ";HG
8220 PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) IS =“;HPG
8230 PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS(I) IS =“;HPL
8240 FOR 1= 1 TO 1000 
8250 NEXT I
8260 CI.S: PRINT " WHICH RESPONSE DO YOU WANT TO SEE "
8270 PRINT " MAGNITUDE OR PHASE (M/P)
8280 PRINT " USE CAPITAL LETTERS"
8290 P$=INKEY$
8300 IF P$="M" THEN 8330 
8310 IF P$="P" THEN 8330 
8320 GOTO 8290
8330 PRINT " RESPONSE IN GRAPHICS OR TEXT MODE (G/T) "
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8340 D$=INKEY$
8350 IF D$="G" THEN 8380 
8360 IF D$=”T" THEN 8380 
8370 GOTO 8340 
8380
8390 '@ PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS @
8 400 '
8410 SCREEN 2:CLS:KEY OFF 'up to next i is for callibrating X 

axix
8420 FOR 1=1 TO 10 
8430 FOR J=1 TO 3 
8440 PSET(60*1,(200-J))
8450 NEXT J 
8460 NEXT I
8470 FOR 1= 1 TO 10 'from this to next i are for callibrating Y 

axis
8480 FOR J=1 TO 5 
8490 PSET<J,20*I)
8500 NEXT J 
8510 NEXT I
8520 LINE(0,199)-(630,199) 'draws X axis
8530 LINE(0,0)-(0,200) ' draws Y axis
8540 IF P$="M" THEN 8560
8550 IF P$="P" THEN 8580
8560 IF D$="G" THEN 8630
8570 IF D$="T" THEN 8840
8580 IF D$="G" THEN 8900
8590 IF D$=“T" THEN 9630
8600 'it######################################################### 
8610 '# PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE 
8620 '########################################################## 
8630 FOR 1=1 TO NP 'from this to next i draws GRAPH
8640 X=(600/NP)*I 'FACTOR 8 IS USED for scaling X axis 
8650 Y=HMAG<I)*(200/HG) ' factor 3.84 is used for Y axix 
8660 PSET(X,(200--Y)),1 
8670 NEXT I
8680 XS=FB/10: YS=HG/10
8690 LOCATE 2,50 : PRINT "------scale----- "
8700 LOCATE 3,50 '.PRINT "X axis- ldiv=";XS "Hz"
8710 LOCATE 4,50 :PRINT "Y axis- ldiv=";YS "U"
8720 LOCATE 1,40 '-PRINT" A GRAPH OF FREQ. Vs MAGNITUDE OF B.P.F. " 
8730 Q$=INKEY$
8740 IF Q$="Q" THEN 8760 
8750 GOTO 8730
8760 CLS: PRINT " DO YOY WANT T0 QUIT (Q)/ CHANGE PARAMETER (C)"
8770 PRINT “ OR RESUME PREVIOUS PARAMETER (R) — Q/C/R----"
8780 Q$=INKEY$
8790 IF Q$="Q" THEN 120
8800 IF Q$="C" THEN 7230
8810 IF Q$="R" THEN 7780

17



81

8820 GOTO 8780 
8830 GOTO 8630 
8840 FOR 1=1 TO NP 
8850 N=HMAG(I)
8860 N1=INT(60/.99)*N 
8870 PRINT TAB(N1) "*"
8880 NEXT I 
8890 GOTO 87808900 ’*************************************************** 
8910 ’ PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE *8920 ’*************************************************** 
8930 SI =SGN{HPG) 5 SIGN OF LARGEST NO
8940 S2 = SGN(HPL) ’ ------ SMALLEST—
8950 IF SI =1 THEN 8980 
8960 IF SI =-l THEN 9010 
8970 IF SI =0 THEN 9040 
8980 IF S2 = 1 THEN 9070 
8990 IF S2 = -1 THEN 9190 
9000 IF S2 =0 THEN 9070 
9010 IF S2 = 1 THEN 9620 ’END 
9020 IF S2 =~1 THEN 9420 
9030 IF S2 = 0 THEN 9620 ’END 
9040 IF S2 = 1 THEN 9620 ’END 
9050 IF S2 = -1 THEN 9420
9060 IF S2 = 0 THEN 9620 ’CONSTANT 0 (END)
9070 FOR 1= 1 TO NP
9080 X= (600/NP)*1
9090 Y = HPHS(I)*(200/HPG)
9100 PSET(X,(200-Y))
9110 NEXT I 
9120 XS=FB/10 
9130 YS= HPG/10
9140 LOCATE 3, 50: PRINT "----- SCALE-----"
9150 LOCATE 4,50: PRINT "X-axis-1 div=";XS"Ha"
9160 LOCATE 5, 50-.PRINT "Y-axis-1 div=";YS“u"
9170 LOCATE 2,40:PRINT "A GRAPH OF FREQ.VS PHASE OF B.P.F" 
9180 GOTO 8730 ’ FOR QUIT 
9190 PTOT = HPG+ABS(HPL)
9200 STP = INT{200/PTOT)
9210 Y = ABS{HPL)*STP
9220 LINE (0,(200-Y))-(630,(200-Y))
9230 FOR I = 1 TO 10
9240 FOR J = 1 TO 3
9250 PSET(60*1,((200-Y)-J))
9260 NEXT J 
9270 NEXT I 
9280 FOR I = 1 TO NP 
9290 X= (600/NP)*1
9300 Y= (HPHS(I)+ABS(HPL))*(200/(HPG-HPL))
9310 PSET(X,(200-Y))
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9320 NEXT I
9330 LINE {0,199>-(630,199),0
9340 FOR I = 1 TO 10
9350 FOR J = 1 TO 3
9360 PSET(60*I,(200-J)),0
9370 NEXT J
9380 NEXT I
9390 XS=FB/10
9400 YS=(HPG-HPL)/10
9410 GOTO 9140 ’ TO DISPLAY SCALE
9420 FOR I = 1 TO 10
9430 FOR J = 1 TO 4
9440 PSET(60*1,J)
9450 NEXT J 
9460 NEXT I
9470 LINE(0,0)-{630,0)
9480 LINE(0,199)-{630,199),0
9490 FOR I = 1 TO NP
9500 X= (600/NP)*I
9510 Y= ABS(HPHS(I))*(200/ABS(HPL>)
9520 PSET(X, Y)
9530 NEXT I
9540 FOR I =1 TO 10
9550 FOR J= 1 TO 3
9560 PSET(60*I,(200-J)),0
9570 NEXT J
9580 NEXT I
9590 XS= FB/10
9600 YS= ABS(HPL)/10
9610 GOTO 9140
9620 END
9630 ’ *******:*************************************** 
9640 ’ * PROGRAM FOR DRAWING PHASE IN TEXT MODE *
9650 5 * ;(<:* ;j< -4 ^ ;j=:*>fc&* *♦ '-¥■ ♦ * ********* *'‘
9660 N- 0
9670 FOR J= 1 TO 8 
9680 FOR I = 1 TO 9 
9690 K=(N-»I)
9700 PRINT TAB(K)
9710 NEXT I 
9720 N= J*10 
9730 PRINT TAB(N);"J 
9740 NEXT J
9750 IF NP > 100 THEN 9780
9760 M=10
9770 GOTO 9790
9780 M- 20
9790 N= 0
9800 FOR J=1 TO M
9810 FOR 1=1 TO INT((NP/M)-1)



83

;TAB(K)"*"
9820 K= (N + I)
9830 PRINT TAB<1)"!
9840 NEXT I
9850 N= J*((NP/M)~1)
9860 PRINT TABTAB(K) " * "
9870 NEXT J 
9880 GOTO 8730 
10000 CLS 
10010 SCREEN 0
10040 LOCATE 6,10:PRINT STRINGS(62,"*")
10050 LOCATE 9,10:PRINT "THIS PROGRAM DRAWS MAGNITUDE RESPONSE 

OF B.S.F."
10060 LOCATE 11,10:PRINT " HAVING CUTOFF FREQ. =.FH & FL Hz 

USING BUTTERWORTH DESIGN"
10070 LOCATE 13,10:PRINT "SAMPLING FREQ.SHOULD BE AT LEAST=2*FB" 
10080 LOCATE 15,10:PRINT "FB - IS THE BAND OF FREQ.(YOU ARE 

INTERESTED),"
10090 LOCATE 16,10:PRINT "NP 
10100 LOCATE 17,10:PRINT "FS 
10110 LOCATE 18,10:PRINT "FH-& FL- 

FREQUE NCIES "
10120 LOCATE 20, 10:PRINT STRING$(62,“*")
10130 SCREEN 0 
10140 COLOR 16,7,0 
10150 LOCATE 23,50 :PRINT 
10160 A$ = INKEYS
10170 IF AS = " " THEN 10180 ELSE 10160 
10180 COLOR 16,0,0
10190 LOCATE 20,50:PRINT "PRESS SPACE BAR TO CONTINUE"
10200 COLOR 7,0 
10210 CLS 
10220 GOTO 10320 
10230 PRINT

PREVIOUS PARAMETERS ARE

No. OFF POINTS IN THE RESPONSE" 
SAMPLING FREQUENCY

UPPRE & LOWER CUTOFF

PRESS SPACE BAR TO CONTINUE

FB
NP
FS
FH
FL

; FB 
;NP 
;FS 
J FH 
;FL

10240 PRINT 
10250 PRINT 
10260 PRINT 
10270 PRINT 
10280 PRINT 
10290 PRINT 
10300 PRINT 
10310 PRINT 
10320 PRINT "

(BUTTERWORTH) "
10330 PRINT 
10340 PRINT
10350 PRINT " ENTER FB FROM (BAND OF FREQUENCY OVER WHICH YOU 

ARE INTERESTED)"
10360 INPUT FB
10370 PRINT "ENTER NP FROM 20 TO 200 "
10380 INPUT NP
10390 IF NP>200 THEN 10370

ENTER NEW PARAMETERS "
THIS IS A BAND STOP FILTER DESIGN

20
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10400 PRINT " ENTER FS AT LEAST 2 TIMES LARGER THAN FB"
10410 INPUT FS
10420 'IF FS<2*FB THEN 400
10430 PRINT "INPUT FH- UPPER CUTOFF FREQUENCY”
10440 INPUT FH
10450 PRINT "INPUT FL- LOWER CUTOFF FREQUENCY "
10460 INPUT FL
10470 IF FL>FH THEN 10430
10480 NU=(2*FB*3.14/(NP*FS))
10490 PRINT 
10500 SCREEN 0 :CLS 
10510 COLOR 16,7,0
10520 LOCATE 11,30:PRINT STRING$(22,)
10530 LOCATE 12,30:PRINT " *— PLEASE WAIT----* "
10540 LOCATE 13, 30’.PRINT STRING$(22, "*")
10550 AM=((2*FB)*(3.142)/{FS*NP))
10560 W= (TAN(3.142*FH*(1/FS)))-(TAN(3.142*FL*(1/FS))>
10570 W0 = (TAN(3.142*FH*(1/FS)))*(TAN<3.142*FL*(1/FS)))
10580 A =(2*W0-2)/(W0+1)
10590 B = 1
10600 C = (2*W0-2)/(W0-W+1)
10610 D= (W0+W+1)/(W0-W+1)
10620 FOR 1=1 TO NP 
10630 H(I)=AM*I 
10640 WT = H(I)
10650 DN={COS(2*WT>+C*COS(WT)+D)~2 + (SIN{2*W.T)+C*SIN(WT) )~2 
10660 HR1 = (COS{2*WT)+A*COS(WT)+B)*(COS(2*WT)+C*COS< WT)+D)
10670 HR2 = (SIN(2*WT)+A*SIN(WT>)*(SIN(2*WT)+C*SIN(WT))
10680 HR(I)= (HR1+HR2J/DN
10690 H11 = (COS(2*WT> +A*COS{WT)+B)*(SIN(2*WT)+C*SIN(WT))
10700 HI2 = (SIN(2*WT)+A*SIN(WT))*(COS(2*WT)+C*COS(WT)+D)
10710 HI(I) = (HI2-HI1)/DN
10720 HMAG(I)=SQR<(HR(I)*HR{I))+{HI<I)*HI(I)))
10730 HPHS(I)=ATN(HI(I)/HR(I))
10740 F=FB/NP 
10750 FREQ(I)=F*I 
10760 NEXT I 
10770 COLOR 16,0,0
10780 LOCATE 11,30:PRINT STRING$(22,"*”)
10790 LOCATE 12,30:PRINT " *--- PLEASE WAIT ----* "
10800 LOCATE 13,30:PRINT STRING${22,)
10810 COLOR 7,0 
10820 GOTO 10900
10830 PRINT " THE PREVIOUS PARAME

TERS ARE "
10840 PRINT " FB = "; FB10850 PRINT " NP - ";NP
10860 PRINT " FS = "; FS10870 PRINT " FH = " ; FH10880 PRINT " FL = "; FL
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10890 PRINT10900 LOCATE 10,10:PRINT "DO YOU WANT TO OBSERVE READINGS (Y/N)“ 
10910 LOCATE 11,20:PRINT "USE CAPITAL LETTERS"
10920 A$=INKEY$10930 IF A$="Y“ THEN 10960:IF A$="y" THEN 10960 
10940 IF A$="N" THEN 11000: IF A$="n" THEN 11000 
10950 GOTO 10920
10960 PRINT " FREQ HMAG(I) HPHS(I) "
10970 FOR 1= 1 TO NP
10980 PRINT FREQ(I), ” " HMAG{I)," " HPHS(I)
10990 NEXT I11000 ' **************************************************
11010 ' * prog to find largest no. from array HMAG(I) *11020 ’ **************************************************
11030 HG=0 J let hg be largest no 
11040 FOR I = 1 TO NP 
11050 IF HG>HMAG(I) THEN 11070 
11060 HG = HMAG(I)
11070 NEXT I

I l/j Q lft /f. rf-. if1. <x- T' 'T' •T*1 T1 ‘T1* 'T1 'T-' 'T- T1 '>'■ 'r* *TS T1 *vv T' T- * ‘T’ '»*■ T1 T- * 'T* T1 * 'T’ ** /TS *T' ‘T1 'T* T' 'T* /T* * 'T-

11090 ’ * prog to find largest no. from HPHS(I) *11100 5 ***************************************************
11110 HPG=0 ’let HPG be the largest no. in HPHS(I)
11120 FOR 1= 1 TO NP
11130 IF HPG>HPHS(I) THEN 11150
11140 HPG -- HPHS(I)
11150 NEXT I
11160 ’PROGRAM TO FIND SMALLEST NO. FROM HPHS(I)
11180 HPL - 1 ’( LET SMALLEST NO. )
11190 FOR 1= 1 TO NP
11200 IF HPL < HPHS(I) THEN 11220
11210 HPL= HPHS(I)
11220 NEXT I
11 Q Q CIS ^ 'f' iA1 '■If yL‘ ’X' vL- >X <Af X X sL- X X X- X> X X X X X X' X X X X X X X X X X X X X X X X X X X X X X X X xAr X X X X X X ■JL' X X »X 

I yrj /T-- 'p T- 'T- T' <t' '*'• T' ■ T' *»“• * '*• T1 T' *T^ T1 * * 'T- T' 'T* ,T' *r 'T' * * <TV *T‘ *lr- 'V- * T1 T1 * *T* * * 'T* 'T' * *T'’ * ^ ^ «t* * <T> ^ (f1 'r * T1

11240 ’* PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE *
11 Q IT C7k * X X X X X' X X' X X X X •A' X X X X X X XX x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X‘ X X X XI y*\ - J uj ^ ^ ix* X' 4r* fr> * it* * x* * ^r* X1 'p x* t' 'p ***• * ^ ^ * *p #p x» #p ^ xv ^ 'p *p ^ fp ip #p Xs

11260 PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I) IS =";HG
11270 PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) IS =";HPG
11280 PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS(I) IS =";HPL
11290 FOR 1= 1 TO 1000 
11300 NEXT I
11310 CLS:PRINT ” WHICH RESPONSE DO YOU WANT TO SEE "
11320 PRINT " MAGNITUDE OR PHASE (M/P)
11330 PRINT " USE CAPITAL LETTERS"
11340 P$=INKEY$
11350 IF P$="M" THEN 11380 : IF P$="m" THEN 11380 
11360 IF P$="P" THEN 11380: IF P$="p" THEN 11380 11370 GOTO 11340
11380 PRINT " RESPONSE IN GRAPHICS OR TEXT MODE (G/T) "
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11390
11400
11410
11420
11430
11440
11450
11460
11470
11480
11490
11500
11510
11520
11530
11540
11550
11560
11570
11580
11590
11600
11610
11620
11630
11640
11650
11660
11670
11680
11690
11700
11710
11720
11730
11740
11750
1176011770
11780
11790
11800
11810
11820
11830
11840
11850
11860

D$=INKEY$IF D$="G" THEN 11430: IF D$="g" THEN 11430 
IF D$="T" THEN 11430: IF D$="t" THEN 11430 
GOTO 11390’®@@@®®@®@@@@@@®@@@®@@@@@@@@@©@®@@@@®@@®@@®@®®@@®@@@@@@@®@ 
’@ PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS @'®@@@@@@@@@@@@@@@@@@@@@@@@@@@@@®@@@©@@@@@®@@@@@@@®@®@@@@@@ 
SCREEN 2:CLS:KEY OFF 5 up to next i is for calibrating X
axix
FOR 1=1 TO 10 
FOR J=1 TO 3 
PSET(60*I,(200-J)>
NEXT J 
NEXT I
FOR 1= 1 TO 10 ’from this to next i are for calibrating Y
axis
FOR J=1 TO 5 
PSET{J,20*1)
NEXT J 
NEXT I
LINE(0,199)-(630,199) ’draws X axis 
LINE{0,0)-(0,200) ’ draws Y axis
IF P$=“M" THEN 11610 :IF P$="m" THEN 11610
IF P$="P" THEN 11630: IF P$="p" THEN 11630
IF D$="G" THEN 11680: IF D$="g" THEN 11680
IF D$="T" THEN 11890: IF D$="t“ THEN 11890
IF D$="G" THEN 11950: IF D$="g" THEN 11950
IF D$="T" THEN 12680: IF D$="t“ THEN 12680
’######################################################## 
’ PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE 
’######################################################## 
FOR 1=1 TO NP ’from this to next i draws GRAPH
X=(600/NP)*I ’FACTOR 8 IS USED for scaling X axis 
Y=HMAG(I)*(200/HG) ’ factor 3.84 is used for Y axix 
PSET(X, (200--Y)), 1 
NEXT I
XS=FB/10: YS=HG/10

PRINT "----- scale-----"
PRINT "X axis- ldiv=“;XS "Hz"
PRINT "Y axis- ldiv=";YS "U"
PRINT" A GRAPH OF FREQ.Vs MAGNITUDE OF B.S.F.

LOCATE 2,50 
LOCATE 3,50 
LOCATE 4,50 LOCATE 1,40 
Q$=INKEY$IF Q$="Q" THEN 11810 
GOTO 11780
CLS: PRINT " DO YOY WANT T0 QUIT (Q)/ CHANGE PARAMETER (C)"
PRINT " OR RESUME PREVIOUS PARAMETER (R) — Q/C/R--- "
Q$=INKEY$
IF Q$="Q" THEN 120 
IF Q$="C" THEN 10230 
IF Q$="R" THEN 10830
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11870 GOTO 11830 
11880 GOTO 11680 
11890 FOR 1=1 TO NP 
11900 N=HMAG(I)
11910 N1=INT(60/.99)*N 
11920 PRINT TAB(Nl)
11930 NEXT I •
11940 GOTO 11830
11950 ’ *************************************************** 
11960 ' PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE *
11970 ’ *************************************************** 
11980 SI =SGN(HPG) ’ SIGN OF LARGEST NO
11990 S2 = SGN(HPL) ’ ------- SMALLEST—
12000 IF SI =1 THEN 12030 
12010 IF SI =-l THEN 12060 
12020 IF SI =0 THEN 12090 
12030 IF S2 = 1 THEN 12120 
12040 IF S2 = -1 THEN 12240 
12050 IF S2 = 0 THEN 12120
12060 IF S2 = 1 THEN 12670 ’END
12070 IF S2 =-l THEN 12470 
12080 IF S2 = 0 THEN 12670 'END
12090 IF S2 = 1 THEN 12670 JEND
12100 IF S2 = -1 THEN 12470
12110 IF S2 = 0 THEN 12670 'CONSTANT 0 (END)
12120 FOR 1= 1 TO NP 
12130 X= {600/NP)*1 
12140 Y = HPHS(I)*(200/HPG)
12150 PSET{X,(200-Y))
12160 NEXT I 
12170 XS=FB/10 
12180 YS= HPG/10
12190 LOCATE 3, 50: PRINT "------ SCALE----- "
12200 LOCATE 4,50: PRINT "X-axis-1 div=";XS“Hz“
12210 LOCATE 5,50:PRINT "Y-axis-1 div=";YS"u"
12220 LOCATE 2,40'.PRINT "A GRAPH OF FREQ. VS PHASE OF B.S.F" 12230 GOTO 11780 ’ FOR QUIT 
12240 PTOT = HPG+ABS(HPL)
12250 STP = INT(200/PTOT)
12260 Y = ABS(HPL)*STP
12270 LINE (0,(200-Y))-(630,(200-Y))
12280 FOR I = 1 TO 10 
12290 FOR J = 1 TO 3 
12300 PSET(60*1,((200-Y)-J))
12310 NEXT J 
12320 NEXT I 
12330 FOR I = 1 TO NP 
12340 X= (600/NP)*1
12350 Y= (HPHS(I)+ABS(HPL))*(200/(HPG-HPL))
12360 PSET(X,Y)
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12370 NEXT I
12380 LINE (0,199)-<630, 199},0
12390 FOR I =1 TO 10
12400 FOR J = 1 TO 3
12410 PSET(60*I,(200-J)),0
12420 NEXT J
12430 NEXT I
12440 XS=FB/10
12450 YS={HPG-HPL)/10
12460 GOTO 12190 5 TO DISPLAY SCALE
12470 FOR I = 1 TO 10
12480 FOR J = 1 TO 4
12490 PSET(60*I,J)
12500 NEXT J 
12510 NEXT I 
12520 LINE(0,0)-{630,0)
12530 LINE(0,199)-(630, 199),0
12540 FOR I = 1 TO NP
12550 X= (600/NP)*1
12560 Y= ABS(HPHS (I))*{200/ABS(HPL))
12570 PSET(X,(200-Y))
12580 NEXT I
12590 FOR I =1 TO 10
12600 FOR J= 1 TO 3
12610 PSET(60*I,{200-J)), 0
12620 NEXT J
12630 NEXT I
12640 XS= FB/10
12650 YS= ABS(HPL)/10
12660 GOTO 12190
12670 END
12680 '^s*******:***********************************:** “ 
12690 '* PROGRAM FOR DRAWING PHASE IN TEXT MODE * ”
12710 N= 0 
12720 FOR J= 1 TO 8 
12730 FOR I = 1 TO 9 
12740 K=(N+I)
12750 PRINT TAB(K);;
12760 NEXT I
12770 N = J*10
12780 PRINT TAB{N);"j";
12790 NEXT J
12800 IF NP > 100 THEN 12830
12810 M=10
12820 GOTO 12840
12830 M= 20
12840 N= 0
12850 FOR J=1 TO M
12860 FOR I = 1 TO INT({NP/M)-1)
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12870 K= (H+I)
12880 PRINT TAB(1)"j";TAB(K)
12890 NEXT I
12900 N= J*((NP/M)-1)
12910 PRINT TAB(l)"-";TAB(K>"*"
12920 NEXT J 
12930 GOTO 11780
13000 CLS:LOCATE 5,5:PRINT "THIS IS A DIGITAL FILTER DESIGN 

PROGRAM USING DIGITAL SIGNAL PROCESSING"
13010 LOCATE 7,5 :PRINT "YOU HAVE TO GIVE THE PARAMETERS YOU 

ARE INTERESTED"
13020 LOCATE 9,5:PRINT " YOU CAN OBSERVE MAGNITUDE AND PHASE 

RESPONES"
13030 LOCATE 11,5:PRINT "WHEN VIEDO TERMINAL DISPLAYS RESPON 

SE AND YOU WANT SEE ANOTHER "
13040 LOCATE 13,5:PRINT "PRESS ’Q ’NEXT MESSAGE WILL APPEARS 

ON THE SCREEN "
13050 LOCATE 15,5:PRINT "IF YOU WANT TO TAKE PRINT OUT OF 

RESPONSE THEN BEFORE EXECUTING"
13060 LOCATE 17,5:PRINT " THIS PROGRAM GRAPHICS FILE MUST BE 

LOADED IN THE COMPUTER "
13070 LOCATE 19,5:PRINT " AT THE TIME OF PRINTING PRESS 

'shift PrtSc ' "
13071 COLOR 16,7,0:LOCATE 22,50:PRINT "PRESS SPACE BAR TO 

CONTINUE "
13072 COLOR 7,0 
13080 B$= INKEY$
13090 IF B$=" " THEN 120 
13100 GOTO 13080 
13110 END
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THE MAGNITUDE ANI) PHASE RESPONSES OF BUTTERWORTH FIRST 
ORDER DIGITAL FILTERS FOR THE FOLLOWING PARAMETERS 
ARE GIVEN .

FILTER FB FS FC NP

LOW PASS 1000 2000 700 200
HIGH PASS 1000 2000 300 200

FL FH

BAND PASS 10000 20000 3000 7000 200
BAND STOP 10000 20000 3000 7000 200

1
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