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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for

the HP fully programmable calculator user. This service is designed to save you time and programming effort.

As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in

terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first

handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-

ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs

and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs

were accepted and made available. This overwhelming response indicated the value of the program library and a

Users’ Library was then established for the HP-67,/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed

to save you time and money. The Users’ Library has collected the best programs in the most popular categories from

the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting

in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a

great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic

cards are not included. The Program Description | page gives a basic description of the program. The Program

Description Il page provides a sample problem and the keystrokes used to solve it. The User Instructions page

contains a description of the keystrokes used to solve problems in general and the options which are available to

the user. The Program Listing | and Program Listing |l pages list the program steps necessary to operate the calcu-

lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent

information about data register contents, uses of labels and flags and the initial calculator status mode is also found

on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,

“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and

Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult

Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97

keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but

some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,

several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s

Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your

program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have

recorded the program. This simple step will protect the magnetic card and keep the program from being

inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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Program Deseription |
 
 ~ )
Program Title  Butterworth Active Filter Design, Low Pass

Contributor’'s Name Hewlett-Packard

 
 

 

Address 1000 N.E. Circle Blvd. , o

City ~_ Corvallis State Oregon ~ Zip Code 97330
\_

— 
Program Description, Equations, Variables Refer to the figure on the following page. From

attenuation requirements of Amax in the passband whose edge is at w , and Amin

attenuation in the stopband starting at Wy the required filter order "n" is found

as: .
. 1og [(]00.1Am1n_])/}g100.1Amax_])J

w
2 log —w—l‘-

For a given wwith n determined, attenuation A (w) is

w 2n @

A (w)=10T0g [1+ (%) 1,0
L

 

The roots of the transfer function may then be found from:

i §n+2k1}fl

e 2n for n oddSn

or '[ikill_ g
Sn eJ 2n 4-for n even

where k = 1,2,....n
 

Operating Limits and Warnings Attenuation is entered and determined as a positive quantity,

in db for all cases. w s Wys ware in radians/second.

 

 
 ( )

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. _J   
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Sample Problem(s)

1) Given requirements of AMAX = 5 dB at 1 k rad/sec

AMIN = 45 dB at 4.85 k rad/sec, determine the order of a Butterworth Filter

to meet the requirements.

2) For frequencies of 0.7, 0.8, 0.9, 1, 1.1, 1.2,

4.85 k rad/sec determine the attenuation in dB.

3) Find the poles of the transfer function

 

 

 

 
 

 

 

1\2n
(wL)

(s+atjwy ) (staztjws) ....(s+anijwn)

NOTE: For s = jw=0, wi(afijwl)w,’_(ul-jwl)... = (u)l'_)2n

Solution(s)

1) n=14

2) w,rad/sec A,dB 3) -347.52+3838.98
700 0.5102 -838.98+q347.52

-838.98+j347.52

o0 ) 3332 -347.52+838.98900 2.8573 $ 27836,
1000 5.0000
1100 7.5090
1200 10.1273

4850 58.2085

\_

-

Reference(s)

This program is a translation of the HP-65 Users' Library program #04766A

submitted by Harvey C. Morehouse.     



User Instruections 3

BUTTERWORTH FILTER
-+ NUMERATOR

f+rad/sa rad/sa~»>f

INPUT OUTPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

L

. Enter data Amax(d

rad/sed)

Amin(db) JEE
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|
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4
STEP KEY ENTRY KEY CODE ‘ COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

881 xLBLA 21 11 657 1 81
882  ST04 35 84 858 8 6@
883 Ré -31 : @59 z -24
884  STO3 35 g3 Amax, v,Amin, wy 866 18* 16 33
885 R =31 used to calculate 861 1 a1
886  STGZ 35 @z , 862 - -45
887 Ri -31 n, W 863  RTN 24
8as  STO! 35 81 864 ¥LBLC 2113
889 RCL3 36 @3 865 Fi 16-24
918 GSBE 23 15 866 2 8z
@11 RCLI 36 81 867 X -35
@12  GSBE 23 15 68 X -35
913 : -24 869  RTN 2
814  LOC 16 32 678 ¥LBLD Z1 14
815 RCL4 36 84 871 Pi 16-24
816 RCL? 36 @z 872 : -24
817 : -24 873 2 2 .
@18 LOG 16 3z 874 z -24 A (v) displayed
819 z -24 875  RTN 24
828 2 8z 876 xLBLa 21 16 11
821 : -24 877 1 g1
822 ) 62 @78 ST07 35 67
23 g 8g 879  RCLS 36 85
824 a as Age 2 8z
825 + -55 881 : -2
826  INT 16 34 832  FRC 16 44
827  STO5 35 85 883 @ 8 |1f n is even then
828 RCLZ? 36 82 884  X=v? 16-33
829 RCLI 36 81 \ @85 GCTO0e 22 16 15
838 GsgE 23 15 |calculated - 886 slBLb 21 16 1z |9° tO € M odd
831 RCL5S 3 85 Note that if Amax = 887 RCLS 36 85
832 2 82 o ase 1 a1
637 «x -35 3db, wf = a8s - 45
834  1-% 5z 896 RCL7 36 67
835 px 31 891 GSBd 23 16 14 -
836 - 24 892 RS 57 |Display pole
837  STO6 35 @6 893 RCLS 36 85
838 RCLS 36 85 @94 RCL7 36 67
a39 RTH 24 n displayed ass 1 8l
848 xLBLE 2l 1z A(w) p]ot routine RA9¢ + -55

@41  ENT? -21 897 5707 35 87 If done THEN
a42  ENTt -2] 898  X<Y? 16-35 |, "
@43  RCLE 36 @6 899 CT0b 22 16 12 ERROR™ else G to b
844 z -24 168 6 88 |n even
845 RCLS 36 @5 181 : -24
846 2 8z 182 #¥LBLe 21 16 15
47 % -35 183 RCLS 36 85
848 yx 3l 184 I ai
49 1 a1 185 + -55
asa + -55 186 RCLT 36 87
851  LOG 16 32 187 i 81
852 1 81 188 - -45 |
853 a 86 189 GSBd 23 16 14 {Display pole
854 X -35 118 RS 51
855  RTN 24 111 RCLS 36 85
856 sLBLE 21 15 112 RCL7 36 @7

REGISi1en> i = 5

1 2 3 4 W 5 6 W 7w
° Amax (db)(ra(a)&sec) Amin (db) )rad/lgec) n (rad’sec)(rad/sec)
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A C D E I

       
 



97Program Listing 11 .
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 1 a1

114 + -39

115 8TG7 35 67
116  X<y7? 16-35
117 ET0e 22 16 15
118 e aé
118 < -24
128 xLBlc 21 16 13

121  RCL6 36 @6

122 RCLS 36 85

 

      
170

 

   

   
  
    

 

   
  

 

  
   
  

 

  

 

  

 

  

 

  

   

  

  

123 Z 8:
124 X -33
125 *LBLd 21 16 14
126 2 8z
127 X =33
128 + =33
129 Pi 16-24
138 X -33
131  RCLS 36 85
132 * -24
133 Z az
134 : -24
135  RCLe 36 86
136 K 44
137 RTN 24
138 Y 31

 

139 R<S al   

  
SET STATUS

TRIG

LABELS      
     FLAGS

ON OFF
Kl
X
K
X

  
  

    

  
  

DEG O
GRAD O
RAD KX

  



Program Deseription |
 

 

a . )
Program Title Butterworth and vyC»h{ebyshev Filter Response

Contributor’'s Name Hew1 EttfPaCkaY'd

1000 N.E,yCirc]e Blvd.

 
 

 

 

Address e , . S

City o Corvallis - , State Oregon o Zip Code 97330 o
- J

( )

Program Description, Equations, Variables The Butterworth Filter Response is:

 

 

Attenuation = 10 LOG [1+(Z)2n]

. fx . .

Where Z = 7 for Tow pass
HCO

fx o,
L = F— for high pass

LCO

C2f - (fntf
Z = fx _?CO L£0) for band pass

HCO 'LCO

n = Number of poles

fHCO = High frequency cutoffj}_ 3DB points

fLCO = Low frequency cutoff

f_ = Frequency at which attenuation is to be calculated

 

Operating Limits and Warnings

 

 

 

( )

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.      



Program Desecription 1
 

 r

Program Title Butterworth and Chebyshev Filter Response

Contributor’s Name Hewl ett"PaCkard

Address1000 N.E.Circle Blvd.

ciy  Corvallis o _state Oregon
\_

 

 

 

 

 

( )

Program Description, Equations, Variables - S

The Filter Response Equations are:

 

 

 

  

 

 

RIPInside - S =15 2 o I

Pass Band  Atten= 10 L0G [T + (1077 - 1) €OS™(n COS'Z)] o
o . B o RIP R e

_ Outside piven=10L06 [1 + (1070- 1) cos?(ncosH™'z)]
Pass Band £

Where = 7 = == for Tow pass filter
s co . e

;- feo o b .
L ==for h1gh pass f11pgr ) -

X

" =Numberofpoles _
RIP = Passband ripple

WfC0»=MCutoffwfrequency‘. o - _

fo = Any frequency for which the attenuation is desired

Operating Limits and Warnings . - S

RIP = 0

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

L D   
 



Program Deseription |
 
 - . )
Program Title Butterworth’ ’gn“qmghebyshev Filter Response

Hewlett-PackardContributor’'s Name

 
 

 
 

Address 1000 NE Circle Blvd. e , ,

ciy  Corvallis o State 090N Ficode07330
\_ J

-

Program Description, Equations, Variables The Barr}(i] PPaSS FilterResponse is:

Inside

Pass Band
Attenuation 10 LOG[T + (10 " - 1) ¢0s? (n €0S™'7)]

RI
""" Outside  ptenuation 10 L06 [ 1+ (1010 - 1) cOSH® (n COSH™'Z)]
Pass Band - |

O

i

 

where7 = ——% (fnco *fieo)

fhco ~ fLeo

fy- Frequen¢y at which attenuation is to be caléuléted m

fHCOA¥”H%gH freqyenéy‘Cutoff . ]

fLCb:= Low frédfiéfiqy‘cutoff .

n = Nufibér of poles

RIP = Pass band ripple
 

Operating Limits and Warnings

RIP = 0

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    . _/
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How-rd W. Sams & Co., 1972.  \_Paul Bunnell,

, E—
Sketch(es)

\ J

( )
Sample Problem(s) , o

~ Given a Butterworth Band Pass Filter

Number of poles = 5

flco = 10
fico = 14

Find Attenuation at:

9 MHZ 10 MHZ

11 MHZ 12 MHZ

13 MHZ 14 MHZ

15 MHZ

solution(s) 5[A] 10[B] 14[f] [B] 9[D] Atten = -17.68 dB

10[D] Atten = -3.01 dB

11[D] Atten = -0.00 dB

12[D] Atten = 0.00 dB

13[D] Atten = -0.00 dB

14[D] Atten = -3.01 dB

15[D] Atten = -17.68 dB

J

7

Reference(s) w

Reference Data for Radio Engineers, fifth edition.

This program is a combination of User's Library programs 1807A, 1808A and 1809A by AJ

pgs. 8-1 thru 8-23,  
 

 



 

10

 

Program Deseription 11
1
 
  

N o’’

———
 Sketch(es 4— Atten

" Atten:: HIGH LOW
| PASS

   

—

N l !

 

 
 

~ )
SampleProblem(s)

Given Ripple = 3 DB

feo
Poles

| — o = =
X
N

 

" ()
]

 

_DetermineLow Pass Response for
7 MHZ
 

 

- 9 MHZ

- -10 MHZ

11 MHZ

12MHz

Solution(s)

5[A] 3[f] [A] 10 [f] [B] 7 [f][C]Atten

8 [f] [C] o Atten

10 [f] [C] ) - Atten

miteled ptten
12 [f] [CJ”L Atten

-1.61 dB

-2.99 dB

-1.45 dB

~=3.00 dB

-13.52 dB

-21.04 dB

n 

 

 

 

( )
Reference(s) e i i

Reference Data for Radio Engineers, Fifth Edition, Pgs. 8-1 thru 8-28, Howard

W.Sams&Co., 1972.  This program is a combination of Users' Library programs 1807A, 1808A and 1809A by\_PaulBunnell.,

AJ  
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Sketch(es)
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0o

L fico fhco

—

Sample Problem(s)

Given Ripple = 3 DB

flco =10 miz
fhco = 14 MHz
Poles =5

Find Band Pass Chebyshev Response at

9 MHZ

10 MHZ

11 MHZ

12 MHZ

13 MHZ

14 MHZ

15 MHZ

Solution(s)

5 [A] 3 [f] [A] 10 [B] 14 [f] [B] 9[f] [D] Atten =-35.76 dB

10[f] [D] Atten = -3.00 dB

11[f] [D] Atten = -0.96 dB

12[f] [D] Atten = 0.00 dB

13[f] [D] Atten = -0.96 dB

14[f] [D] Atten = -3.00 dB

15[f] [D] Atten =-35.76 dB

\_

(
Reference(s)     



12 User Instruetions

Butterworth and Chebyshev Filter Response
{1 (Ripple) CHEBYSHEYV
= LP: f-Atten BP: f-Atten HP: f-Atten

Sjg # Poles o B = BoE RyW.0 RT

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS

1 oad program

2. |Enter filter description

P

Upper cutoff frequency (LP and BP

| ]3. |Key in frequency of interest and compute

. Lresponse of desired fi r:

ol
|

]

Ban

0
] e U
L

Chebyshev High Pass

Lp |
)lE|
.
]
[

i :5. For new specifications, repeat desired lines

f
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STEP KEY ENTRY KEY CODE
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97 Program Listing I
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
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# Poles

Lower cutoff freq.

Upper cutoff freq.

Frequency

High Pass

Band Pass

Low Pass
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(" )
ProgramTitle Butterworth Filter Group Delay

 
 

 

 

Contributor’'s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State Oregon Zip Code 97330
\_

~ )
Program Description, Equations, Variables

Group Delay is Given by

- ] fuax fmin, 0 |9
9T TtC T2& o)MAX™ 'MIN f2 k=1 % +(Q-0,)?

Where

Ok = cosek

wk = s1n6k

_ ,2k+n-1

N fuax TmIn
@)MAX =MIN

n = Number of poles fMAX = Upper -3dB frequency
f

MIN= Lower -3dB frequency
 

Operating Limits and Warnings

Program is not valid when f = 0.

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _/   
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 r

Program Title
Chebyshev Filter Group Delay v h

Contributor’s Name Hewlett-Packard

 
 

 

Address 1000 N.E. Circle Blvd.

City T Corvallis State Oregon ZipCode 97330

\_

- 

Program Description, Equations, Variables

The group delay of a Chebyshev filter at any frequency, f, is given by

 

a1 o1 e oTwing B 1%
g 2(Fyay-Fyn) f2 k=1 O 0wy

Where:

— einl ) s -1] -
o = s1nh[n sinh "l&] sin Oy

= co hEl sinh']l/] cos 6wk COoS n € k

O =(Z%$l) 90 | n = Number of poles

A = Maximum ripple
] fuax TmIn MAX@ = |1 ¢ MAX_MIN,

Fuax~Fmn f A
fMIN = Lower - "MAX dB frequency

- _ ‘ A dB frequency
e =/ L067AmAX _ . | fuax Upper - "MAX

10

 

Operating Limits and Warnings

The program is not valid for f = 0

 
  

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _/
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v )
Sketch(es)

J

s D
Sample Problem(s)

1. Calculate the group delay at 90 MHz of a low pass Butterworth Filter

with a 100 MHz cutoff frequency when n = 4,

2. Calculate the group delay at 110 MHz of a high pass Butterworth Filter

with a 100 MHz cutoff frequency when n = 7.

3. Calculate the group delay at 450 MHz of a band pass Butterworth filter

with a Tower -3 dB frequency of 400 MHz and a upper -3 dB frequency of

500 MHz when n = 5,

Solution(s)

1. 1= 6.22 X 1077 sec.

_ -9
2. g =10.1 x 10 sec.

_ -9
3. Tg =10.2 x 10 sec.

. J

Reference(s) This program is a combination of HP-65 User's Library programs 04774A W

and 4906A by William J. Robertson.     
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rSketch(es)

\__
 

 

 

 -

Sample Problem(s)

a) Find the group delay of a 4 pole band pass Chebyshev filter at 510 MHz when

the Tower cutoff frequency is 400 MHz,

the upper cutoff frequency is 500 MHz and the maximum ripple is 0.5 dB

b) Find the group delay of a 4 pole low pass Chebyshev filter at 95 MHz when

the cutoff frequency is 100 MHz and the maximum ripple is 0.1 dB.

c) Find the group delay of a 6 pole high pass Chebyshev filter at 110 MHz when

the cutoff frequency is 100 MHz and the maximum ripple is 1 dB.

 

Solution(s)

a) 10.8 x 10”7 sec.

-9
b) 6.32 x 10 sec.

c) 12.0 x 1077 sec.

\.
 

 

 

Reference(s)     



User Instructions

    

  CHEBYSHEV

 

  

  

  

AMAX f g
1 BUTTERWORTH Z}

f T  

 

 

  

 

 

 

  

   

   

  

  

  

  

   

  

  

  

  

  

   

  

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

Load program L

Enter (any order) 1

n - number of poles - n —

fMIN - Tower cutoff frequency* MIN, Hz B
fMAX - upper cutoff frequency* fMAX  Hz C

FOR BUTTERWORTH FILTERS

3. Enter frequency f,Hz D

4. Compute time delay E g, sec.
5. Repeat steps 3 and 4 for new frequencies

FOR CHEBYSHEV FILTERS

3. Enter maximum pass band ripple AMIN,dB f C

4, Enter frequency f,Hz f D

5. Compute time delay f £ ‘g, sec.
6. Repeat steps 4 and 5 for new frequencies

7. For new case, go to step 2. Be sure to enter

case used these variables and the new case

does not.
  

  

  

  

 

  

  

  

  

For the Butterworth filter, these are 3 dB
  

frequencies; for the Chebyshev filter, they   

Aare "MAX dB frequencies   

  

  

  

  

  

  

  

   

l
|
[
|
|
|

|
|
|
|
|
|
|
|

zero for fypy or 10°0 for TMAXifthe Tast |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|          
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( )

Program Title

BUTTERWORTH AND CHEBYCHEV FILTER ORDER CALCULATIONS

 

 

 

 

Contributor’s Name Bruce K. Murdock

Address 6875 sabado Tarde Road

City Goleta State Calif Zip Code 935017
\_

( )

Program Description, Equations, Variables

This program solves for the required Butterworth, or Chebychev filter

order required to meet given filter passband attenuation and stopband attenuation

requirements, Alternatively one may solve for the stopband to passband

frequency ratio, X, if the filter order, n, is given. A third part of the

program will predict the stopband attenuation if n, A, and the passband

attenuation, Ap,p, are given,

This program accomplishes analytically the same solutions that the

Kawakemi nomographs accomplish graphically, These nomographs are shown in

program O0401D, 97-Butterworth and Chebychev Lowpass Normalized Coefficients.

 

Operating Limits and Warnings none

\
 

 

 

fl

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.     
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\

The analytic expressions for Butterworth and Chebychev filter characteristics

are given at the bottom of the respective nomograph. These equations may be

rearranged to allow solving for the filter parameters by analytical means.

In the Butterworth case   
As2 -1= (Ap2 - l)k2n where “

As = minimum stophand attenuation

Ap = maximum passband attenuation

n = filter order

A = stopband to passband frequency ratio

Ap and As are ratios > 1 in this equation and are normally expressed in

terms of decibels (the convention is to express attenuation as positive decibels)

i.e. A (dB) A (dB)
S_ P

A =10 10 : A =10 10
S P

when these substitutions are made, the Butterworth equation becomes.

A (dB) A (dB)
s 2

10 10 -1=1{1010 -1l %

This equation may be rewritten to solve for either As(dB), A, or n

A (4B)
P
10 2n= -1) A (dB) 10 loglO 10 1] A +1

(positive dB's represent attenuation)

2 (d4dB) A (dB)
S p

log|10 10 - 1] - log|l0 10 -1
 

2 log A

A program has been written for a programmable calculator to solve for the

above variables i.e. to find As(dB) given Ap(dB), n, and A or A given AP(dB),

As(dB), and n or n given Ap(dB), AS(dB), and A.   
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The analytic expressions for the Chebychev case may be solved in a similar

manner, i.e.
! 2

™ | — i (A 2 _ 1) jcosh(n cosh‘ll)

P J
A = minimum stopband attenuation

A = maximum passband attenuation (maximum ripple)

n = filter order

A = stopband to passband frequency ratio

The convention is to express attenuation as a ratio > 1, or in positive

decibels. AS and Ap may be expressed in their dB equivalents

[A (dB)} [A (dB)]
s_ P

A =10\ 10 ; and A = 10 10
S

The Chebychev equation is rewritten with the dB substitutions as

2
{A (dB)} [A (dB)]
S P

10 10 - 1= 1|10 10 -1 cosh[n cosh-lk]r

This equation may be rearranged to solve for either AS(dB), A, or n

2
A_(dB)
L___

10 loglO 10 10 -1 cosh{n cosh-lk} + 11) AS(dB)

or

As(dB) 1/2

2) \ = cosh %—cosh-l   
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or

 

A @B)/10 172

cosh_l 10
A (dB)/10

10 P -1
3) n= 1

cosh A

As examples , this program will be used to compare against the filter
orders obtained using the nomographs in the examples shown on page 2 of 9 in
the program "Butterworth and Chebychev Lowpass Normalized Coefficients".

Highpass filter examples Types Butterworth (key )

Apgg= 3 (key [Z][Z])

hogp= b0 (key (E][O](E])
Aa=2 (key [2][D])

Answer: n=6.65, use n=7

Bandpass filter example; Types Chebychev ( key )

Apgp= 1 ( key

Asgp= 40 (key [Z][C0][E])

A=2 (key[2][D])

Answer; n=4&,54  use n=5   
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Bandstop example Types Butterworth ( key [F][E])

Apgp= 3 (key [Z][A])

As, = 60 ( key [E][C][E])

A=10 (key [T][O][D])

AnswWwer; n= 3,001

This example may be continued to demonstrate the other parts of
the program, If the integral n is entered, the actual A where Asd
is calculated, or if A is entered,AsdB will be calculated,

occurs

To calculate A, given n: n=3 ( key )

Answers )\ =10,0079

To calculate As;;, given s A=10. (key [OJ[E])

Answer: AsdB= 59.9794

One may use this program, or the nomographs to obtain the various
filter parameters, If one does any amount of trading off of parameters,
the nomographs will probably prove faster. If fine tuning of the
nomograph results is desired i.e., greater numerical precision, then
use this program,

  \
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Riad 4 oarza

 

 

 

 

 

 

 

 

 

110
 

    

[ BA1  ¥LELA ZI 1l Tkey in Ap in dB. 457 RTH 2
L 862 G5EE 23 80 ] convert to | 1%-| 455 ¥LELE :p 15

@a3  sTai 5 @l - ci i~ Jkey in A: e vld Y. store @ss  F1? 16 23 @1 A
god R  _of 868 CT03  iZ 83

| 085 wiELE <. <= Jkey in As in dB 861  GSEZ 23 62 -
| o6 Lot o Y Jconvert to | (-] 862 RCL3 36 62 -
I a7  STO:Z 35 B2 | store G863 =z

o T 24 - I

088 __RIN oS @64 GSEI I3 81 -
L Be5 albie D88 Jconvert dB to @65 6104 22 B |
A are ‘ Y. fmagnitude squared @66 ¥LELI 1 53 A

o1l ¢ ¢¢  {minus one @67 RCL3 36 87 -
11 = —og 1 o -

2‘113 H+ ki (11 -1) A68 ¥ 3i A
° T - 869 ¥LEL4 21 64 -

614 i L - ere e 53 o
o1 - mi- 871 RCLI 76 81 A
a1e [ c4 872 o=

- L i o + 7 . " L o o

alr abic <: iv Jkey in n the filter| a73 ] §i
816 STus 5 Y2 Jlorder. 674 + 55

g T S & ==
- 013 kil: TR @75  Loé 16 32 -
! aza KOl S5 i 876 ; ai

el o - 77 6 B
[ 823 FIT 162780 | [ gifi o 35 |As(dB) displayed

824 G703 I 62 ‘ £ - —
‘ 2 oo =7 AT [ ag@  xLBLi Zi ¥ T|Cosh subroutine
| BCS U\J:‘K. - L | 881 _ ¥ - .

826  RCL3 75 67 _ ol 337

Zi; cSE . * 683 1% 52 -
| falu) sobli o Bl s . . o

825  5Tad 35 B84 [ e ]
@3 RTH Z4 A displayed I BEE - g
< o7 =4 ST - os

831 xLBLZ <18 for Chebychev i P BTH sy -

@32  RCL3 75 a7 ; ] g
833 17K ;; i 838 xlbEL: ol ¥e Arc Cosh

“ @34 : 31 [ @89  ENT? 2! subroutine
[ c oTi - 3. i asa AT 53

@35 ST04 R A displayed for - a91 ; 8¢
83c K K = Butterworth 9},;, _ _4E -
837 kLELD :1 14 lkey in A i B*J"} N =7 -

@38 ST+ 5 &4 I oo % ]
839  RCLE 36 @z I Py i S
@48  RCL: 36 61 I pr e
41 z -4 9 _RTH =4

g4¢ - = " 897 #LBLa &1 16 11 set flag I %o
843 Fii ic I3 a1 I 898  SFI 16 Z1 61 ] indicate

’ 844 ©T0S I 63 i 898 RTN Z4 | Buttervorth
i - e e i Fl . -1 i& 1°

845 GSEZ >3 47 186 xLELk i 1E Qic Clear fl&g 1

846 RCLA4 6 84 I 161 (F1 16 ZZ &1 to indicate
847  G5SEZ I7 6z 182 KTH 24 Chebychev

848 : -24
g49 5703 i5 a7

| @58  RTN ¢ |n displayed for
! 851 xLELS Zl 82 |Chebychev

sz LN 3
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Program Deseription |
 

 -

Program Title &77TERWOELTH AVND CHEBYCHEYV LowWPAass

NORMALIZELO MDEFF/IAlrEN/TS

Contributor's Name SLU/CEKMILDOCK.

Address 68 7S SA80007RO LD . i}

fiw GocE7A __State CAL/FE ZipCode 930(7

 

 

 

 

 

 

—_—

~ )
Program Description, Equations, Variables ~72//5 LPLOGCEAMHEXMELATES72/&

NOMALIZED(1OHN , ILaliAN/sccono) Adii LocE ALom/LAss
ELEMENTVALUESFOB EI7HEE TiE L77EL(MIX/MRLY

FLAT) OR  CHEBYCHEYV(Epol APosSsBa/LOE/PAE)IMALITULAES
APLLOXIMATIODNVS .THESEAECHU/ZELLOWPRASSJIUIESARs

AlLSoSroCO(ATHESBEONDARYLES/ISTERLSD€Js&

Trde" T72RN'SEOLNA7/0A) LROSEAMS CONTAAELON OIH=f

MLETICChEDS 000  

7:4/5Eazn—tzwbzn-/ FALOESComéE F2onl!Ascwsrrw

.gk=23n5‘7‘'R K07o7S
R 7(__,_P

  

  

  

OF BECURSIor)FOEMIcAS FOUMOMWatrs's Boos

de=AtGur))byGy,)iz L2
 

    
  gtGskap

Y=SkL[b(L2?“’”9977?““‘““:7&=9
-//91_1)' /

Weees Cg = f?a.ssmxo zipxe 4/ 085 B
Ed8)1 . -

e =_[10(/0 -/ __{zm, Ao

N---%g.@fim/sz)=-Cosu;ot=8

v  
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70 USe THE LROGRAYU , ONVE VEELS 70 ENTEL TAE

OCrOEZ oF 7THE Frie;;eR, / PO  1F CHEBYyCHEY

RESPONSE (s DOESIEED , THE PASSBMO EIpPPL&

NV D8. AN EASY WY 70 OCB70/N/ THESE

FRCAME7EES 18 7O CUSE 7HE KIOWa Lomzr NoMmOGRIUCHS

THESE ROMOGRALYS KaNe BN REOERIIED ABOU; Tric RGO/ OF

IV]EREST COVERED &V 7XHESE LROGLEMMS /4 FrollEsS 1 a0 2

NOCMNLIZEQD LOWPASS ELLEMEATS QNVO AOMOGELLPHS ALE

USED LETAUSE TiieE SPECIFICAT/IONVNS FOL OTHER

FILTERL TVPES MAY O£& EA4s/iLY (oNyvERTED 7O

EQUIVALEN7 SPECIFrCmi70MS FOL A AORKMALIZELD

lLowmPsPRnss.,

HeHPASS  CoNyE£S/IoN - THE EQUI/AERT LONLORBSS

EEQUILEMENTS ARE OB7B/IVEL BY AVELT/IVG THE A/GHPASS

CEe@UIBEMELTS . EXARIPLE &  ASSUME A MSHLASS L1478

Wr7Tw Bo77ENWOELTL ELESLONMSE /S RBLEQPIILEO 7O FRSS

2o KHg Wr7H FaIE O€ CESS Arrea/Rrien/ , Svr Leecr

FEEQIERCIES BELoOI 10 £H2 W/7w R c&sAdAsr 0 I8

A77ERVDAT00 . W moy OS& THPE LoAL NONOGRAL
FoR Burreewoers wire A = ZoHz/loesz =2
A oy = SdB8 , siwo Ammn/ = 4o d8 7o o870 #H =6.7 .

SIVCE N musT B AU INTESER, USE #s=7. THE

Lo/PRDS TO ISkPASS TR2UNSFOEMNPII10A) 7S COVERLED

IV THE PRO&GEANM O&FSCe/rrvon) NV 7HE L(OWPASS

70 AISGHPRSS DE-PMORMALIZING PRoSZaU.

BANOPLPASS caonveBSion) @ THE BANO WriD7) O A

Bowoprss cun7e€ dOLRESLo/DS 70 7xe AUrOFF F2EpJERCY
Ofs THE LowPASS dasE . TIS (UPLIET THOFr BANVOLASS

FR7T7105 MHRe PRESSEI/ED /N THE [OwlARss (Oosc.

ExAMPLE + 4 BAWOPAQsS Flit7er /5 NEEDED 7O Loss A

20 g2 BOWD OF INFOLMArrOn WiTwmwir % 2 a8
A7 P EENTEL FRLEQ VEANCY 0OF [/00 kHE . T7pHE Frerse

SHOvCO Have A - Lo dB BAOw/orx OF Hfo kKyz o€

LESS . ON&E MAY USe 7HE KA WAKAMLI NOMO GRARPH  
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[ FOR QUEBYCHEY FILTERS WITHN = 40iHz/Mke=24
Amoax_= [dB (£7z dB), awo A md=Lo 70ol7om/

44 . N Musr 8E (NTEGCLA , USEAN=S5.THE
LOWLRSS 70 BaOPASS TRAM/SFoOMATsan(SColCRED

IN ThE PRIGEAM OFsCLIPTION OF THEDPosenm o |

BANMD PASS T7TL2ONSFOEMAT708/

Bawo LETEcr rFureR CONVERSION @ BArDLEJec7

FllTELS RBLEE THE OLPOEITE OF BAavVpLRSSFILTERLS.

THESEFriE@s pre AdAeso CmclteElBonoO Srop£LFr7€Bs.

HeREe Lp (5THE PRSSBOND 4D
B s rHE SDPBaUo. oNA

(O FEEQUENCY SCXETHE ~ESsPansc

 Wirece BESYMMETRICAL AHQoc7

THE Cewresl FREQUe/cy” As

THE BAavp Pnss cAsE . HLEE,
______>.193/«?tHows/s®, Bo/Bs .

 

 

 
 

 

EXAMPLE flEs/6A/HHHHH A 3,44/057-0/9 FlLTERZ CenN7ereD .

_Ar. zo;{z/z eATSHOVCDtHAVERSABI10TH

NO GrREaree THAar/ /0 K£HZE, oAodBBau/oworr

NOGRERTELTwWOr [OO0 E . TieFITER. SHRPE

|SHover Be  MonOronil. .(flaAfilékééfil__._W____
 THESUTELROCEIRSESPOMNSEWiBEJseD. JHE

KAQWAEAMI NOMO6RO FOL LU7reRNDIETY W/74

A = 10000 /1000 = (0, AMAx = 3dEB,M0 4M=6o0d8
 SHowsSA=3 1S EERurkcoo.

 

 

 

 THE MAXIMUMFLreE OLOEE.  THAT THISPROGESM
Aarn Acceprr (s Twelkve (12). Twisciirerion]Besoers.
FEOM THE TOCLRSE =SPRACE LPUA/iclhBlEeE LJH/ESE0

L CoEFFAICr&ars., . 
 

  r )
This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    
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Program Description |
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Program Deseription 1
 
 ~ N
Program Title R77€ERNWOTH/O CHEBYOCHEY NOEMOL!BED

Lo/PRASS COECrFIl/EA/7S

Contributor’s Name

 

 
 

 
 

Address i R

City ) - B ___State =~~~2ZipCode_
\_ _J

a4 )

Program Description, Equations, Variables  

 

,04sshand %f‘a«nd
 

 

 

 

 

      
 

 

Amax Amin . o o

a8 a8 B

/" ———AmuUst be /fl,@m[,,;...-mw

A " Qheose Hext/WM_W- Py

Fs , .,fl[&zé//aé/y, 4 skowuldA
P

/ ’ / beoda
Py

\ -

01 P4 ee e ‘p

A J )\ - 5'L"P L’MJ
  

o L L “Q,fmalomA

Land Pzone Hhe scguired passbovdt andalophasdallewmaateon

/&M /fl/zi,‘‘‘‘‘Wmm_émfljmfl”@:é&%dmw-}imwfi&“w

2hput  ctred Anpresemts fthe A«cgcu;fl-eJ W Tyclen .

Operating Limits and Warnings  7AESE  SaM&NOMOSGEAPRSALsMON/ZOIMIED

______nwZvers,Aowever,Tikrlwmw_ms >0

BE  pMSREGISTELED By ABovrZdB8 ,Hewee,7mssE

 BWEREY MNOMOGEACHS&UVE (AACCURATERESUITS.

 

 

 

 

 
 

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and usesw
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _/
 

 



 

. ° 35

Program Deseription 11
. i o, T . - — _\

rSketch(es) 7 a

T TT w11
Z‘"’j T‘g’ P1

  

 

Wwril &hib:t

HesSame

(/}/{W espanse.

% 1 %-1

\___ B
>
Sample Problem(s) F/WO 7HE ANORMAL/IBED LOWAOSS &rFFrlEerR/7s

FOR A 1 g8 Frrrec , 5% owoee OwecByeuer rri7EL.
TS FrerelR Wree B /a8 own 475 wr =L | 7THESam/OoEO0sE .

AlsoFIWD TkE COEFEICIERTS SUCHK THR7T 7ke FAlerel IS -Sas

Ar THE BADOEO

1) BEAD N BOTH SIOES OF THE MASAHETIC Cald

2 key m n=35 a0 ewrer mro poga [S1A].
3) Kev /wu =] A0 CoMAITE COEFFICIENTS —"'"( [8].
) pewree Mzcpt/n/r THE & ywels X(w) = -3d8 ~Focowesr

By THE LowpPass wolwicized Cocrren/7rs (H(1)=- €5 )

7HESsE" COEFFA/CIENTS W/ILL AUSO BE& STOREL AUTOMARTICAcL).

£ ) 7o comvelr osreienrs so (1)= -348 , kev [£],[8]
THEPCMITEL WRC OorPuor 7#& MW (B06FFICIEANTS O 7UH&Y

__w_m_zz&a_weé roooes

Solution(s)

 

 

 
 

 

Convert Coe[ficénzs So
ssoooo oo ~ (1) - -346 630K

édé =  il.H86066 0o00 ,
. - NY [

ieticooic #es=( scbitre  AR% f’;
-344 e .

-ln.l-‘t.".\. +£44 .$

4= Vo /
162358 ada «PlLoFC ARE s

P lZ0UUS KRR ™ 73

LLETUIE  AKR - ’,

F 13488 an = @5
L"An.: #ih = 94
JeBEETSS RRAR = ?g

i-t."‘;ltl -i#i:?l
- -

P
e

o
)

»
n

P
y

Ells"".\.l— "”‘4 =7

J 
 
  
( »

Reference(s) ® DONVALL 2.Wr7rE A HarpBo0ok &N ELECTZICOAC Fr7ELs ” W

e 2v62cV , /OOBOOE OF FIre7eR SywTHSEsIsT, J wWieey /97

* KAWRA KAML=, "NoMOEGRALHS FOR BUrr€RWORTH MO CQEZYSHEY Flerems”

IECE TRANMNSQCTrONS on CLEavr7r THEORY , Vol C7-/0, JTUWNE (963 D   
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User Instruections
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rF’rogram Title NMOBMALIZED LOWPPSS To BMOLRSS £L7ER
TRSEOEMPT/o) FBE TIPES [ 2, 6,0 7

Contributor's Name &SLvceE £ AI/RPooc£

Address GET7S S98000 7neoE L0

fity Goce7a State o/ Zip Code 920/
  

 
 

(Program Description, Equations, Variables, etc. 724sS JLOG€481 GONVELTS T/ T

HORUAL(ZED LOWFPRSS [ALIER. LGZEAMENT VOLVES 70 ovE o€
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TYPEsS &, D /0, anvO sy OF FHE DoarlPolion SE; AR
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Operating Limits and Warnings THIS PLOGrRAM OBIA/WS THE oMALIZEO
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SeCor/osly Se7m O RSSISTERS | O[Frrel PLACIMETGRS
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This program has been verified only with respect to the numerical example given in Program Description //. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _/  
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 TOP2OGIES . TARE AAEOSan) FO€ NEEOING MOES T/
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This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.  _J/ 
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Program Title A/ORMAc/ZELO LoWPass 70 LowoPAss FILTER TRUSLCHWBT700)
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Program Description, Equations, Variables, etc.
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  This program has been verified only with respect to the numerical example given in Program Description /I. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS

FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _/
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PHYSICAL REALIZABILITY OF A BAND-PASS FILTER
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   This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

J  _/
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F,I -
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Program Desecription 1
a )

Program Title VORI2ZED Lo/LRSS 70 S0PASS ~lre

TScoRMATION) FOR.  ryPEsS 8, 9 /0, £ //
Contributor's Name JBUCeE & MUECOCE

Address €8 2S5 SAEHALO TARLo

 

 

 
 

 

 

City §ch'7 state CC//~ ZipCode FZ0r/7
\_ J

( )
Program Description, Equations, Variables =7Z/7> AROGRAM Con/rERTS T7#HE

WORMOLI2EL LowrPass Coer=xsewrs ( /oM, eaval/Ses)
70 WYV o Ll oofF FaIk BLaWOLPRSS ~FLreEx 70P0L06/ES

THIS LPEOGEIM /S WE OF 4 Sxr— OF TEMSFOEMITIon, RBOGEIMS .

A7GUEE I  OWS THE FOOE BDLASS TOAXOE/ES

VALT 7DOG/ES AL FPROUIDEDL SO 7AR7T A  #MrX

OF ComtPon/En/7~ piaaves JqRe o87A/7cp. e A4

/e Cenrex /ePRuely’3 BUWONI)DOTH 4 MO TEMIRTION

IMPELDINCE (LErEL—~ , G TOPOLOEGIES Wil wad/E

UNOEE LrYS/CaCCy” LEEQL! ZAKLE COIPOEV vacoES

THAN O7HELES. _ B | . , ,‘

THBLGE 7.2 FROM  WHTE  HAS Beer) Lerroovcss
A3 A GIroE #4535 7D THE MOS7T LEQLl-2RB8LE EANLOFPRASS

70006Fa A &Grr/en) APPLICRAr/OK/ . THIS

bleprooscrron) (s oW ) Fresvre Z.

 

Operating Limits and Warnings 7245 AROCLaM QB87Q/NS THE LOWAISS

NOEMALBE=L ECEAMEAN7T VALOES [LELOM RES/IST=L. SIHESE

N THE SECOQREYy Se=7- OG- Lees7sSes. /1, THE Llrer KOsE

(5 ASO SOREO . ONVE SHouco LON TreE MOEMPOC 2ZED LOWPASS

COCFACIENT REOCRAM [IRS7 , ©F MAVIRLLY fRAcs THE

DES/ILED NORPAIIC/IRED COSFErCre7TS WO [l ecosrR. /A

SrOfR6e SofOC8E RMNNG xS PEOSLAU o
\ J
 

 

 

( )
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/     
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Program Deseription 1
 

 

 
rvm

Program Title A/OEIIC¢ Z2EYLOWPORSS 70

TSFOESBTI6M)S  FOR7VPeS

Contributor's Name IUSL.MOILOOCK.

Address6878 SABROOTRALOCSE2O
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Program Deseription |
  

THE CONWLPASS NOEMOcIZ=H COEFF/CrENTS MAYy BE

TZON/SFOBMED 70 W WEINITE JAg/ErY OF BLWDFPASS

TOPIHO GIES . TrR,ES L=asal FOE NEEOING MOEES 78/

ONE TRAWSFOLHARTIGN K5 HAMFSraaX. LBERALIZAEICI7Y. Lo€

EXAmPLE, . weEWodeo o7 Wea7- 70 ENo OP WyoHA

A BAOPASS STRUCTVRE (Con7ording I [F Aoyrols

WHEAR THe OPEEAIT/NG FEERUERCY IS /0O MEGHHEETE.

0.2 J. WrrrsE MHOS Arwolcr L4 SXCELLER: [lerere m

DES/IG) Booe WuiICcH 15 yekYy FPEACT/cAc N NATVEE. onE

POBLEN +HE PPLEESSES , AN OE70/L, IS TS PRYSELC

Lenc 1ZaBre1ry PRoBLEM FOL LBaJOPRSS , Low/PARsSS , Avo

M/GPOSS MIeTELS . HMe #AS Os€vep &lever) OFrFrsecn/7

BONDPRAsS TorPOcogrss 70 MKecow FMNOAGe A Mrxy &

COMPOR/GERIT VALVES THA7T RLE EEAL!ZRBLE .

TS FOLLOWMS FOOE LDEHFINVRBTIaNVS OF ELlEHIERT

PUVEICRC RI1ERBBILt 7YV ALS ES7RELISIHEO _

)Boaony Lescizssce()

z) frocricac (P
0—Z,qK/y \{Ls/fil/)/)’ Z/Ff@f Oy

> WAZQ/MOL (/M)

O0.05gty < LT 100 Hy; BO.5pF <O S500yr

| 4) Lwpencrreac (I) - ALL CLEMENTS GXCCELMNEG Tl
BoUKOS OF APLs/A)AL,

L < 0.0y4 (529/10470//?”7)
L > Joo Ky
¢ < 00spr ; C> StoyrJ

 

   This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    \_ _/
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Program Desecription 1|

NOEMPLBED LOWPASS 7O BWOLRSS F/LleB

Tlavscovmprron) FoL_7yPES 8I,/0,AJO /]

Contributor’'s Name

Program Title

  
  
  

Address e e

City State _ .ZipCode —
\

a )

Program Description, Equations, Variables TG OO0CUML/ MEAOMGESOA) Fleoe

.ARE MEBNTT TO  [MOICR7TE RANGEES OF ELEMEN; VALUES.

THESE LBREBES L€ FLERISAILY, LOAOCEO @ , ANO[MPEOLNEE

LEVELA&OEF/INED ASFOClow's
 

)lFzsq»aé‘wx

 

 

 

 

 

 

 

  

£ = r0 #-z JMPL/E§~_3/./Zé,,,- 0Kz

fo=toowz " BoHe =Lo<300Ha
A= KMz " SooHe < Lo < BeHa
o= otz"3KH2<[bSTogHz
o=ropdz " B0 £z= Lo < 300 KHe
o=/mxz" Bo0 UHa < Lo < MYz
Lo= /0mz ‘' 3MKz<) = 30 MHz

) o=rcomiz " Fo MH2 = Lo X Zso mH2

2)-4@40542@ %-_-6?4= #/8w -

P=5 /MOLIES L@ =< /o

L@e=t5s " /o < Q< 2

@e = SO ’ 305 Q. =< (%

  
 

 

 

 

 

  
   

2) TmpocoMmcecEvet(;Mé‘_émo_mmes)__
E=50 owMs/mpues /0LLS/

= S00OHMS=/5D £ £ < zsz

R = (0K OHMS z/zsz 2 sok

\_ - )

<
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   
 

_/
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Program Desecription |
 

 

PHYSICAL REALIZABILITY OF A BAND-PASS FILTER
 

 

  
 

Bard-Paes fo=1ke fo=10kc

Filter

Prototype QL=5 QL=15 QL=50 QL=5 QL=15 QL =5¢C

Type! <" 56 500 10K soisoo!mr\ 501500/ 1¢Cx soisoo 10K 501sco IOK‘SC,SCC: 10K,
. . L1 4olA

st PP el MIR|PlLIMIPLI|M]| P!
2nd 1Pl P Al b MR EPIT M1 IM P 
  

 

  

  

  

b ]
 

  are not rnelvdeX. 
} 7vpes 3,4, and S

 

 

             
 

 

    

 

 

 

 
  

 
  

 
    

            
 

 

     

R P e P PPt eteO

6th P. P I (PP 1| PiP RiR RIPI M

Tth M P PlLIjl M M| P I{M]| P

8th M P 1 [M P I {M|P | PR PP M

9th M Pyl Pl M M| P I{M]| P

10th M{P|M|P|{R|P|RIR|P |PIR R|R| R
11th MiP P |MIP PIM{M|P P|R M| P R

Band-Pass fo =100 ke

Filter
Prototype QL=S QL=15 QL =50 Q=5 Q=150

Type SOTi 500| 10K 50| 500} 10K 50| 500 |{10K 50| 500 10K} 50 |500|10K| 50| 500{ 10K

Ist | ! R|R|PI|P I [M|M | R P|P,|P | |M| P |

2 P R R |P.P I {MiM | R PIP|P I IMIM |
o s ootttotgt ogge DSR2 S '

6th R| R P |R|R P|R}P P |R|R PIR|R|M|R|P |

7th P| R RIPIR!/R|IM|P|R R{R|R|P|R R|M| PR

8th R{R|P|R|R|P|RIR|P|IR(R|PIR|R|M]|RIP I
9th PIR|{R!'P|IR|R|M|P|R|RIR|R|P/RIR|M|P|R

10th R:R|R|R|R|P|R|R|P|R|{R|P|R|R|M|RIR|M
11th Ri R | R |R i R|R|PIR|{R|RIR|R|R|R|RI|R|R|R

Band-Pass fo=10mc fo =100 mc

Filter

Prototype Q=5 Q=15 QL =50 QL=S5 QL=15 QL =50

Type I's0l 500 10K 50|500| 10K 50(500|10K 50{500] 10K |50{500]10K 50|500| 10K

Ist MIPIMI[I]|P] L[] | L Ly e |
P{M]|IL]P2nd M
 

 

  

       
                          

...... » : ity W
(R M [P]F PlMm |1 M| LM

MiR|[ P IIL|P PP P ElP M M
RIRIMIRIPLUPIM L [PIM Pl M1 |
M RIRIJI|PIRI|UIMIRIIIM]|RII|I P11 ]|M
P I Rl 1M ]|t fPiM it PiM L (ML 1 [M]I ]
MR M [M|PIMLIP M MM

C’DE}//I57 :

Fleyre 2 Lbon Wre Covsocrmurs, Ine.

L
 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and usesw
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

LMATERIAL.   _/
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Program Deseription |
 
 r

Program Title

Contributor’s Name

Address

City
_

NOEMOLBPEDLOWPASS 70 RaVOLISSFILTER

TERNSFRoRMRBTION,FOE7VPES R,.F 10, & L

_____State __

 

 

.2ZipCode

 
 -

Program Description, Equations, Variables O TrkE fFreeEe r‘//?;:s___figss:-zzma-]

APrRoxIMBTIONSS[ &5

NERE | FyoES 1, 2, 6,7 PG 0, £11, WiyTvoEs 1€z
AR AN GXACT BarvV/OPRSST7EUSLOBMBI(NOFTHE[OMKPAES

CURORAC TERISTICS. Al Fm& QMJTYOESA2NRREOB0

TRAHEY WiFRIZ/AVELYTRIOYV/SAOCAY]

THE PRSSBODCHARCIELI/ETAS Ae LOnaRkSSsMO

THE STOPBAVLD Wrilnkia) A FEW QOTR/ES OF7r& LRASSQ344U0.

TVOES 6,2, 8, MO P QO NOT HRUS EQUALAl/MBEESo=

ZERCOS OF TRAMSHMIisSSIon Ar DELO rECQRUEACK Ao

!PAIO2 DoHAVE

TS  TEONSM!SSE1OA) ZZEEODBORAN/CE”WrHCe(SBeRUIieern

FO€ T7HE EXRCr TRANSFOCMARI).,THE LKESIHLr O
  

THEG IUMBRCON/CE OFZOSOFTN/SMIES00]/o)T¥P&ES

b, 7, P, AND/STO _SESW rthESl LesPouUSE
ARy FROMTHELLREQUEACY WHERSTHSEMHICRQLITY

OF ZEROSEXNSTS . [Fr[E/lEsE3BLREpRESENTSxS

 

    

  

 

.AO77ELLIESMonlS

 

o AMPLITIPE ] 4

) O3, . _ PESPONSEoGTD

LEATRAZSEOS@

   —o5FrR&EQ00200
 

 

-—

 

 
   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL. J
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Program Deseription |
  

rProgram Tite AORMA/2DLow/PASs 7O BAVoASS fFrree o )

T2aWS FOLMAT70A/ FORjvPes 8, 9 /0 aveo /f

Contributor’s Name R

Address , S

City — o R ____State ~__2ZipCode
\_ _/
  
  

TrS SKE W/NG O7HRE BESpPon/sE VOESRIOTmea,ew

WiTH 7yPES 10 BNO /7 Be&coprses THE CedPeir’s

 ELEUENTS ORE ALlRn/3rer  7HEROUGH THE/ALr=2

_SreveroeE. /ée. A CarRrc!7o0R NV SEL/IESGU/eEs

A Z2ero Orf TRANSMiSSIrondA7 OD.C. As OoeEsSA

/MOCTroOR.ASrIA/T. lr&kENSE 4 /ANoveradr

/N SekRIESO CRPAC,7o N Spirr7Caal

POVA 2ELO OF THROAN/SM/SS/OA7 [NFEIA/17E

FrReEQU =A/C Y.

LONE srmooco NO7CHOooSe 7ypssoe(/.

L BuTDAMARTICBLY AS THESE7SS (AoT7arr)REeEoMICAT

INoUeroLs RS OO 7iPes b AvoD, FoRA Gusa)

ITER RERUIREMEINT, ONE Supovtd (OSUCT FIGURS

2 TO OETSRUNE AT TYPES ARE MOS7 EARAS)LY RSOLIZED,.

NO THER LPERLORM P 7RAOEO, BEJTUWSEA FHISR

 OROEE RNO Frerese TYP& 70 OE7ERMIVE TrHE

_SMPLEST LVERACL  FlreTEL OESIen/ /. CP. AT FEEQUENC/IES

. BErweEeer [IKHZ2 Avo /00 EHR, A LOESIGN) WITH THES MNMIM

LNIMBER. OF [WOUCTORS (5 UsdRicy MOST OES/IRepBL&G

AT FREQUeNctEeS ABOVE [MH2 , TOVING MBY B&AoRE

L OIFFI8T ANO  TrHE S/MOLESFT Teoolosy IS SO0&GMAT.

BeEconw (KHE [, 7= Frere® (S usoXeyY A0 Aerve

D=s/GN WHICH/s THE sSyBIec7 OF 4§ OFFegsn/7"

SET OF [frre PES/cn/) AROSCIUS

.
 
 7

This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    _/
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Program l)escrlplmn |
: e B— - ™

rjSketch(es) SO X Ciz ? Lzs Csq 545’ |
P

  

       
 

T

     

 
LTVeE 1EXRMeLe

 

 

 

 
1

Sample Problem(s)ACHEBYVCHEYBRIOPRSS [FIer7€RISNEECDED

70LRSS A 20£4FT BaMO OF [NEORMAT/ONR ([Mi/2

_Wietre - S5d8 EiPPLE OELESS MO o OPSRATEA)A SO

QUMBYSTEAAN, AT BO £HZ REMEOISD FROM [MNE, T

NTE€ BESPONSESOBLoOWA) A7 ceasr qo d8.

TQHEBYCHEY[Flire AoMOGoosuows4TOLOSE

LO0F S IS PEQUIREO. @ FlErReZ UNOER THE HEAOMIGSQ8-

B=rubz, Q= Yz’ =so, r=-sossews ryles
8, 10, o /] T0 Bs LIy REall2RéLs - Tvoe /! Wree

Bc0HOSEAN) SINCE TurS TOPOXKOEY MRS THE MOAXIMIM JIMEEE

OF /NRUCTES 6GLOONOED .

 

Solution(s) )Loono Trs MNOEMPLIZED (LOWPARSSMROGLAM AUO

_O87anR) THE SH o€oeR , - SAé COHEBYCHEY COCrLICISTS

2) LOAD 7i7i5  PrOGEAM
- 3)ey v cewrer recw . E£ex] le] [2]
.&4)KeyrWBawowior~|2lleexI[E1féj
.®»Key W Lessrawvee5110 Te]
b)) Sececr 7TyIPE (I 21[b1

7))PRINTER Wite. PRINT ECTMENT YALIESMOSIDL

 

kN_ - ee - - - S —— e_J

 

 

 ~ N
Reference(s) ¥ S&E LOWPASS COSFL/CIER7T PROGELHAM O AoMOGLALHS    
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Program Deseription 11
 

 

 
 

Mw:\

 

 

 

 

 

 

 

  
 

 

   

! i i 1 i i i

- Sketch(es) | i . | z | , | | '
SRelehles)L . HATF?SRINTER | @urRUTT  FOR|SAMPLE AeOGRAY

long lowpass Lrewecrans T - T T — 1

A = £ Sanoas Sons | , ' ! |

- Yo DOIGILUE boDhH i i

CEannn Sonn + + 4 b . i . e

g = .obEbUL eooo ! | ! !
i mEooCS aoaa

! | i |

1,6835255 #éd = W45| | ) | SNAN AUN SU SNSSN

- A, , | t |
i.78577E€ xx5 = 19r T f pr .

i.225687 ¥ax o= z L | |
-ASSnT seaian i T 1 T R T 1 ” T SR 1 ! 1

Cactbos: KRR = ?, ‘ K | | ‘

\ 1 Z236ET #kE = Gy L 1 - | | | )
— 4 =MECTITo Al

—

isT @IV T U LAy = ?{
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Program Deseription |
 
 

 
 

 
 

:rogram Title NORMALIZEDLOWPASS TO BANDSTOP, LOWPASS, OR HIGHPASS )

TRANSFORMATION .

Contributor’s Name Bruce K. Murdock o

Address 6875 sabado Tarde Rd. R

fiw - _Goleta ..State Calif=~~~ ZipCode 93017

( i, | . )
Program Description, Equations, Variables e .

_Thisprogramconvertsthenormelizedlowpass coefficients (1 Ohm, 1 rad/sec)

_generatedbyanotherprogram of this set, into_ the frequency and impedance

_scaledlowpass,highpass,andbandstoptopologies,Twoformsofeach+trans-

_formationaregiven, These forms are the duals of one-another, All these

 

_transformationsareexact(classical)andareapplicableforimpedancelevel,

_bendwidth,andinthebandstop case,center frequency.,One shouldconsult

_White's table7.1to determinethephysicalrealizabilityofaparticular

_filterrequirement, This tableis reproducedherein ,

 

The program jis separated into three parts which share common subroutines,

These sections are 1) de-normaljzation parameter input (bandwidth, termination

resistance level, andcenter frequency), 2) bandstop denormalization and

transformmation, 2nd 3) lowpass and hizhpass denormalization and transformation,

 

Theee program sections will be described in separate sections of

this description.

 

Operating Limits and Warnings =Thisprogramobtains thenormalized lowpass

_coefficients fromregister storage in the secondarysetofregisters.

_The filter order, n, is also stored. Oneshould firstrun the lowpass o

_normaljzed coefficient program, or manually place the desiredlowpass normalized

coefficients and filter order in register storage before runningthisprogram.

 

   This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.  \. _/ 
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HIGEPASS, BANDPASS, AND BANDSTOP TRANSFORMATIONS IN ANALYTICAL FORM

1) HIGHPASS TRANSFORMATION
The highpass transformstion is accomplished by replacing s, the

complex operator, by 1/s., Since sinusoidal frequencies are of prime interest,
s may be replaced by jw, or 1/s by =j/w, For example, the magnitude response

of the Butterworth normalized lowpass iss

1
Awn| =

I Lp -‘/1 + wz"

The highpass transformed magnitude response is:

i

]A(w\\up = | + wZn

For a detailed explanation see Louis Weinberg, "Network Analysis and

Synthesis", McGraw-Hill, copyright 1962, chapter 11, Also see 2verev,

 

2) BANDPASS TRANSFORMATICN
The bandpass transformation is accomplished by replacing s by s+l/s

(normalized), This equation may be denormalized to the design center frequency,
Wy, and the design bandwidth, LA The transformation equation becomes:

wo dresiency
s = Q@ Z{Eo. * _5__5 where Qe We bandwirde

When the transformation is applied to the Butterworth lowpass magnitude
equation, and s is replaced by jw, the following resultss

Al - 1+ (ou(2-2F3"
Azain, for a detailed explanation, see Weinberg or Zverev,

3) BANDSTOP TRANSFORMATION
The bandstop transformation 1s to the bandpass transformatiorn, as

the highpass transformation is to the lowpass, i.e, they are recipricals, hence,
the normalized bandstop transformation is to replace s by 1/(s+l/s).
As Wwith the bandpass, this equation may be denormalized to the operating

impedance and bandwidth., The denormalized equation with s replaced by jw becomes:

w > Yo fi-3)-
The Butterworth equation for the lowpass magnitude response transforms

thus; w Wo 2 Y.

|Acar| = [QL E-‘_"—S?} 2
oo (1+[afe-23]

The subject of bandstop filters is generally avocided, or discussed lightly
by most authors. No particularly good reference exists unfortunately. All of
the narrowband approximations and transformaticns that have been derived for the
bandpass case should be derivable for the bandstop filter in an analogous manner.

The best reference, in terms of detail, is Matthaei, Young, and Jones,
"Microwave filters, impedance matching networks, and courling structures"”
McGraw-Eill, copyright 1964, chapter 12,

 

{   
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The physical realizability of a filter topology is assigned one of four

possible scores based upon the element values, These scores are defined as

followss

Readily Realizable (R)
1 uHy< L<1 Hy
5 pF< C21uF

Practical (P)
0.2 uHy =< L <10 Hy
2, pF<C =10 uF

Marginally practical (M)
50 nHy =L =100 Hy
0e¢5 pF< C=500 W

Impractical (I)
All element values that lie outside the range of Marginal

i, e,
L< 50 nHy
L >100 Hy
C< o> PF
¢ >500 uF

The table headings are meant to indicate ranges of loaded Q, filter

center frequency, and impedance level. These ranges are defined as followss

Frequency,
10 Hz implies: 3 Hzs £, 30 Hz
100 Hz impliess 30 Hz= fgq < 500 Hz
1 kHz impliess 300 Hz =< £, <~ 3 kiz
10 kHz impliess 3 kHz = fgy < 30 kHz

-

fo

fo
fo =
fo=
fo = 100 kHz impliess 30 kHz= £, < 300 kHz

fo= 1 mHz impliess 300 kHz=f,< 3 mHz
fo= 10 mHz impliess 3 mHz=f, < 30 mHz
£, = 100 mHz dimpliess 30 mHz=< £, < 300 mHz

At frequencies above 300 mHz, lumped element filters are

generally replaced with transmission line type filters.

Loaded Q (Q;), for bandpass and bandstop,
=5 implies: 3= Q<10

QL= 15 dimpliess 10=Qp< 30
Q= 50 impliess 30= Q=100

Impedance Level (source and load resistances equal)
R=3 Ohms impliess 1< R<10 (power filters)

R=50 Ohms implies: 10= R~ 150
R=500 Ohms impliess 150= R<2,5k

R=10 kOhms implies: 2.,5k= R~ 50k
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Table 7.1

PHYSICAL REALIZABILITY OF LOW- AND HIGH-PASS FILTERS

R Cut OFrequency, fc

- 10 cps 100 cps 10 ke 10C ke 1 mc 10 mc 100 mc

I R |

M M

R

R

P R

RM

 

Courtesy, Don White Consultants Inc,
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LOWPASS FILTERS

No transformation is involved here, one need only frequency and
impedance scale the normalized lowpass values to the desired bandwidth and
termination resistance level. The object of the scaling procedure is to end up
with filter elements that have the same impedance ratios to the terminetion
resistance at the operating cutoff frequency and resistance as the normalized
lowpass did at 1 radian/second and 1 ohm. The mechanics of the scaling
procedure are:

L, scaled (L, normalized).(R/(2xBW))

C, scealed (C, normalized)e«(1/(2w(BW)R))

Where BW, and R represent the design bandwidth and termination resistance
respectively,

EXAMPLE:

A maximally flat (Butterworth) lovpass filter is needed to pass a
1 kHz signal with 1 dB or less attenuation (from the value at zers freaquency)
and reject a 12 kHz signal by at least 75 dB. The filter order solution is
cutside the range of the nomographs as A=12 kHz/l kHz =12 and the )\ scale ends
at 1C, The nomographs are in the lowpass normalized Butterworth and Chebychev
coefficient program. One may solve for n by using another program of +his set,
or by using the gquation at the bottom of the nomograph for Butterwcr+h filters
i.e. As2-1 = (Ap2-1)Adn. This equation may be rearranged to solve for n:

A=t 2
no- 218,7

2 /o; A

Where As and Ap are the ratio equivalents of those quentities expressed
in dB, i.e. , (/,(dg)%a 5 (4(48)),,

Substitution of these values yields n-3.7. Since n must be integral,
use n«4,

load the normalized lowpass coefficient program to obtain and store the
Butterworth coefficients for n=4, The present program may then be loaded for
scaling these coefficients to the desired cutoff frequency, and resistance level
(1COC Ohms)., The normalized Butterworth coefficients define a filter that is
> dB down at the cutoff frequency, and the 3 dB frequency may be found from
the Butiervorth equation knowing n and the 1 dB fregquency. ! e.

7

- Zn dB))/10
A= -{-fb;—i—g where As= lC(As( B))C

Apt -] Apz= 10(4p(dB))/10

n=4
A=1,183%01 , then

£_zgpm(A)*(f_145) = (1.1€3301).(10C0 Hz) = 11€3.301 Hz.

  

|  
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The printer output is shown at the left, below. The two forms of the

denormalized lowpass are shown at the bottom of the page,

Lowpass normalized program

n = 4§, 008868 5568
Butterworth —w (J:5E:

8y . 76536 ¥ER

as 1.547753  xwE

a 1.897735  x#a
> §.7ena
 

" load this program

Bandwidth [i53.381 &5B6
Resistance ig86. BLEC
Lowpass form 1 - &iE:

Cl 182,585 xw¢
L2 248,562 ks

G3 298,085 wEs

L4  162.5-83  w#w

Lowpass form 2 —% iibk

 

 
  

 

 
 

Ll 162.5-82 w4

c2 248.5-85 xRN
L3 248.5-87  kss
Ch 1B2.5-85 ¥

/K
—W—o———ur ——0

J- 2¢8.5 mfly l /02.9;),//}/

N

<> ‘['/0394,&‘ '[' 24854~

Trves 1 - -

—W—o—_s ¢ UL
/K /02.9 L z:ms'/m!/

MAy

O TMBKa; T/ozcm.:

TypE 2

/K
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HIGHPASS FILTERS

The highpass filter is the opposite of the lowpass filter, i.e. it passes

frequencies above the cutoff frequency, and blocks those below the cutoff

frequency. The figure below graphically shows this characteristic,

 

 

  
Faspueey’

 
74070&:

Conceptually the transformation is accomplished by replacing each capacitor

with an inductor, and vice versa in the lowpass structure. Thenormalized

highpass component values are the recipricals of the normalized lowpass values,

EXAMPLE: The two forms of a third order normelized Butterworth filter are:

/ ! /

[
Foem | (cooe *3/7) Fogm 2  (Coo€ “32°)

 

        
The cormalized highpass transforms are:

  

J 7é 7 7/ J

1 7 /! (:E; % %

Fora 1 (Ccooe gy *) Foea 2 (Coos "4Z *)   
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Once the normalized highpass transformation has been made, the normealized
filter may be scaled to the desired cutoff frequency, and impedance level in
the same manner as was used in the lowpass case.

Lscaled * Lnormalized {R/(2R(BW)) 3

Cscaled = chormalized {i/(Z“(Bw)‘R)?

Where BW and R represent the operating cuto”f frequency and resistance
level respectively,

EXAMPLE: A highpass filter is needed in the antenna lead of a tv set to
reject the carrier signal from e nearby amateur radio transmitter as this
signal is strong enough to cause cross wodulation in the tuner of the tv set,
The low end of channel 2's spectrum is 54 mHz, and the tranamitter is operating
at 28 mHz, 1 dB of attenuation and ripple will be allowed across the tv spectrum.
At least &0 dB of attenuation is required at 28 mHz. The filter is to be placed
in a 300 Ohm balanced line. Because of the allowed ripple, a Chebychev filter
may be used. One may use the Chebychev nomograph, or another program of this
set to solve for the filter order, n, Using the nomograph and entering
Ap<l dB, As=60dB, and A:54 mHz/28mHz = 1,93 yields n*6,4; n must be integral,
use n:7,

When designing balanced filters, i.,e, filters to go into balanced lines,
the unbalanced filter structure may be transformed into a balanced structure
by either of two methods, Both methods yield the same result, One way is to
design the filter at an impedance level that is % the desired level, then draw
the unbalanced filter plus it's mirror image below the common line, The common
line is erased, and shunt elements combined, 7Tne other way is to design the

filter at the desired impedance level, end then to replace each series element
with two series elements having the same total impedance, One of these new
series elements is then placed in the common line opposite the mate, This
method will be used in this example,

The HP-97 printer output is shown at the left on the next page, and
the two unbalanced, and two balanced forms of the highpass filter shown,

First the normalized Chebychev lowpass coefficient program is loaded
to obtain the 7th order, 1 dB Chebychev lowpass normalized coefficients,
and to have them automatically stored in the secondary registers for use
by this progrem. Next this program is loaded, and the denormalized nignpass
element values calculated,
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INDUCTOR DESIGN

Most of the other examples in this filter program set have been at lower

operating frequencies, and the inductors can be easily fabricated using ferrite

pot cores. it the frequencies involved in this example, air core and slug

tuned inductors are a more practical choice,

with these inductors, a method for estimating the winding parameters

to generete the required inductance is required. Wheeler's formula may be

employed for this estimate,

r2 p2
Oor + 101

L(uHy)

 

where n is the number of turns

r is the radius in inches

1l is the length in inches

o

 

Wheelers formula is accurate to 1% for all values of 2r/1<3 ., The

calculated inductance will be about 4% low when 2r/1=5 ,

The coil "Q", or quality factor, may also be estimated using Callender's

equations

Q = ~ £ (H3)
T T2,71,2,15_T_+TZ.

This equation is accurate to within a few percent provided the spacing

between coil turns is at least twice the wire diameter, For close wound coils,

the calculated Q will be high by a factor of 1,9 .

These formulae may be applied to the design of the inductors needed for

the highpass filter, Form 2 of the highpass design will be used.

The inductance formula (Wiheeler's formula) can be rewritten so that the

inductance is one of the independant variables, and the number of turns is

the dependant variable., The quantities n, and 1 may be related if a coil
winding pitch is defined. Let p=n/l , then 1=n/p , and Wheeler's equation
may be rewritten thuss

n® ré - /O/—fiin -9rL =0

This equation is quadratic in form, and n mey be obtained through use

of the quadratic formula to yield:

sLin) {10 oe
ré p
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Two values of inductance are needed for the series elements in form 2 of
the highpass filter. These values are ,796, and ,754 microhenry. If #20 AWG
wire is used (.,0320 inch diameter), and a winding pitch is chosen so that the
turn spacing is twice the wire diameter, and a 3 inch form is used, a standard
B&W airdux may be used. With these winding parameters, the following turns

requirements result:
« 796 uHy 10,8 turns (.7" long)

« 754 uHy 10,3 turns (.66" long)

Callender's equation predicts a Q of about 525 for these coils,

Another way of fabricating these inductors would be to use a slug tuned
coil form such as a J,W, Miller p/n 25A014=4 (,2" dia X .6" long) with a
carbonyl J tuning slug, 12 turns of #18 AWG HF wire on this form make an
inductor that can be tuned to either one of the above values, and exhibits

a Q of about 150,

For the highpass example either of the above inductor designs would

work. The design using the slug tuning would be easier to adjust. In the

highpass case, either design has adequately high Q.

In the bandpass, or bandstop cases, the requirements on resonator Q are

much more stringent., One has two choices here, either make the resonator Q's

much greater than the loaded Q of the filter (center freq/bandwidth), or

predistort the filter design to use resonators with all Q's equal, A good

reference for the predistorting technique is: Blinchikoff and Zverev, "Filtering

in the Time and Frequency Domains", Wiley-Interscience, ¢ 1976, chapter 6,

A reference on how much greater the resonator Q must be than the filter Q 1is:

Donald R. J. White," A Handbook on Electrical Filters", White Electromagnetics

Inc, ¢ 1963, chapter 6.
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BANDSTOP TRANSFORMATION

The bandstop filter transmits all frequencies except thase lying within
& given band of frequencies called the stopband, A subclass of this family
of filters are sometimes called notch filters, A typical use of such a filter
would be to remove interference, or unwanted signals from within a wanted
spectrum. An example would be to place a notch filter in the antenna lead
of a t v set to remove the spectrum of a strong station and prevent it from
causing cross modulation in the tuner when tuned to an ad jacent weak tv station.

Conceptually the transformation is accomplished by designing a highpass
filter whose cutoff frequency equals the bandwidth of the desired bandstop
filter, Each shunt inductor in the highpass filter is series resonated with
8 capacitor at the desired center frequency of the filter, Likewise, each
series capacitor is parallel resonated with an inductor at the desired center
frequency,

The filter parameters may be defined with the aid of a figure:

 

 

   

Yo 2
fos— N | /7P2 [ @ = g(d8)

,
w

l—— Di '”””_“hmwa;%ggqpaEQAGY’

If 81,80, eeseyd, 8re “he normalized lowpass coefficients, one form of

the bandstop filter is:

 

 

  

 

( R Q¢

wWo Lu £

/

'I Ca = Wo Lx
  

PORM 1 (odd order shown)
( neading "21M)

even ordered filter stops here
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The other form of this filter is the dual of the firsts

l, = //(wozcx) L},: I/(Wo‘dn.)

—AN—OC—e —- e ece e

] —
Go B sRt Ce-w3

-/

 

 

   

 

// = ZGQ/ZWbGGq)

4 = /(0/02[;) =/ D

—T
 

FORM 2 (heading "22")

The program solves for either form 1 (heading "21"), or form 2 (heading "22")
of the bandstop filter given the normalized lowpass coefficients (from the
program of the same name in this set), the center frequency, the bandwidth,
and the termination resistance level,

The operation of the program can be illustrated by means of an example,
A bandstop filter is needed to remove the spectrum of tv channel 5> prior to
the tuner to cure a cross-modulation problem on distant channels 2 and 4,
Tkhe filter will be in a 75 Ohm coax system, It has been experimentally
determired that 20 dB of attenuation in the central 4,5 mHz of the 6 mHz
wide tv channel will solve the problem., The filter will bpe designed to
have a 1 dB oandwidth of & mHz, The center of channel 3 is 63 mHz,
A Chebychev approximation will be used with 1 dB of ripple outside the
stopband,

Cne may use the Chebychev nomograph to determine the required filter
order. Intering the nomograph at Ap=1 dB, As=20 dB, andA=6/4,5 = 1,333,...
the required filter order is 4,5 . since n must be integral, use n= 5,

First the normalized lowpass coefficient program is loaded to obtain
and store the fif'th order, 1 dB Chebychev coefficients, then this program
is loaded to perform the bandstop transformation for a center frequency of
6> mHz, a bandwidth of & mHz, and & itermination resistance level of 75 Ohns,

The iP-97 printout is shown on the next page for the above operations,
end the two forms of the bandstop filter are shown schematically,
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Trwunaran ;si5.

v .. 4
bodstop, eade ":i.

G = 6.545-10 w#%
Ly = 931.5-85  #sa

Cz = 324.1-1Z 4+
& = 15.65-85  xp

Q = S,6I7-ic  ¥iw

fo = moaITEE T In this particular example, form 2 is more
physically realizable than is form 1., In form 1,

G = 324 I-iz #¥s L2=19.7 nHy which parallel resonates with C2= 324 pF,
leg = 13.E5-85 ##% The measured self inductance of a 330 pP silvered mice

capacitor is 7,0 nHy ( 105 mHz self resonant frequency)
O = 6.545-18 444 About half of the required resonating inductance is
Cs » F31.5-85 ¥ks alreedy within the capacitor, which would hinder the

coupling into such a tank circuit., The remaining
12,7 nily is the inductance of a ,6 inch piece of
straight #16 wire!

By contrast, L1 in form 2 is 38,5 nHy, and is
resonated by a 165,7 pF capacitor, The measured self

&34156/2 Cude Tzl inductance of a 160 pF silvered mica capacitor with
it's leads bent tightly agsinst the case is 5.5 nHy

a = 163, 7-ic  »¥# (170 mHz resonant frequency). This value of lead
> 38,3285 k4 inductance can be absorbed in the resonating

inductor. The resonant tank consists of the 160 pF
€z = 3.588-1F s capacitor, and 3/4 turn of #1& AWG on a 0,2 inch
(p = 1.823-86 xx» dia, form with a Carbonyl J tuning slug,

€3 = Tiv.5-ic  #w»
Lg = o4, 1a-HE ERE

Cq = I.5EE-1I w4
& = 1.625-8 k¥«

S—is FEF16
(5= 38.52-89 sy   
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TUNING THE FILTER

The bandstop filter, like the bandpass filter, requires tuning after
constructicn, In form 1, and form 2 of the bandstop, as well as form 1, and
form 2 of the bandpass, the tuning procedure is to tune each individual tank
to resonance at the center frequency of the filter, To accomplish this
resonance adjustment, each parallel tank, a:u each series tank must be decoupled
from their neighbors. At lower frequencies (certantly below 3(0 kHz) meny
methods exist for coupling into the tank, For example, a small resistance
may be introduced into the bottom of the inductor, and a small voltage

impressed across this resistance. Another way is to pass one lead of the
inductor through the eye of a toroid which already has a winding on it, thus
forming a one turn secondary, With the FET probes available for scopes,
one may monitor the voltage across the tank with negligable loading. To tune
a tank in such an arrangement, the one turn transformer is driven with a
sinusoidal source at the desired resonant frequency, and the inductor,or
capacitor adjusted to obtain a peaking of the voltage across the tank inductor.
The figure below depicts such a tuning setup,

  

 

PROBE SCOPE

      

X
At higher frequencies, such as the bandstop example, coupling becomes

Toroid 1 Turn

and inductance thus introduced from contaminating the tuning adjustment.,
For example, one might couple into the tanks with a dip meter search coil,
measure the dip oscillator frequency with a counter, and adjust the tank
elements until resonance is detected. When the resonant capacitor in the
tank circuit is 6,8 pF, the few tenths of a picofarad that the search coil
introduces by being in the proximity will have a measureable effect on the
tuning., Another way that is probably more accurate, but is less direct, is
to drive the filter with s sweep oscillator and detector, and adjust the filter
for the desired response. This method has other merits also, as the filter load
nmay be connected during tuning, and any stray capacity or inductance compensated
for,  
more difficult., It is also difficult to keep the additional parasitic capacitance
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afl-/o  afl—/l 0" -2
   

BSIEP 0 BY4\RB TKEY copE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

@Gl *LELH 21 Ii |enter center freq. @47 wiELI 21 81  |Bandstop loop
882 Fi (£-24 lmultiply by 2w b @48  GSES 27 8% |increment k
8a3 z £ 849 K=Y 16-33 test for loop exit
na4 -Js | Boa FTH o4

aas ; =23 | 851  RCLa 3¢ 45 8y
Bee  STa6 I5 ag store 2nf, 852  RCL4 J& 44
aar ETii Zs as3 CFg i¢ 2& BE
888 xLELE Zilic enter bandwidth 854 Fis i6 23 B: test for printorder

Bas Fi le-24 multiply by 2w @35 6Tl Zo €t

eig - -3< 856 CLA ol
811 Z S 837  RCLS J& @c
a1z A =35 838 SFe 1o 2l &E
813 STGL: 3% E1 | store 2wBW 859 xLELE Zi B¢

@14 i ot 868  GSBS 23 @& calc & print elts.
815 xLELC o1 il enter resistance @61  GSES 23 as increment k

al1e  STGZ 33 &z store resistance 862  X<Y7 ie-35 test for loop exit
al7 ETH < 863 ETH Z4

818 *LELD cioiA Bandstop Type 1 864 RCLs Jo 45
ais SFC i&-II ] print heading #6>  RECLS J& WS

826 z Bz n21t @66  SFE e Z1 &
821 i €2 aesy F17 1e 25 €l test for printorder
822 PRTA -14 868  ETde ZE 66
23 SFC lg-il ' 863 CLE 5l
24 CF: i& zZ £. ] establish print | 678 RLLS 35 a4

2o LTl Zo BE order. a7} CFE 1€ 23 @8

@26 LELE ¢! I3 | Bandstop type 2 @72 xLBLE Z1 @
827  SFC fe-1i lprint heading @73  GSEE 7 85 Jeale & print elts.
82§ z 82 22" @74 c10] 2& 81
a8z z £2 875 *LBLE Zl 85  {calculate and print
g38  FRETA -id 8ré X -3%  {subroutine for
831 LFC ig-11 ar7  STGS 23 B8 fpandstop filters
a3z SFi 1g &i #d estab print order 8ra Fa> g 22 a8 1

833 xLBLE Zi 88 ]calc bandstop coefs} 879  PRTX -14
834 R(lL: & 82 (R | 88  RCLE 6 88
@835 RCL: Je €1 | 2wBW g W 53

a36 -3z | 882 35
837  RCLE ¢ 8 v, ag83 75 5z

838 AE a3 @84  FRTH -i4
a3s £ -24 ags Fat ¢ 25 B8
648  ST04 Gu B3 886 GT0c P [

841  RCLE JE 6Z @87  RCLE JE 88 1
a4z KE 23 888  FPKRTA -14 1
843 z 24 888 x¥LELc g1 e 1

B44  STOS IS BS A9 SFC ig-1i 1
845 & b initialize k a9j RTH 24

A4 STu KT IR 892 xLbBlLa <1 lc 11 {1 lowpass type 1

893 SFC i€-il 1 print heading
894 3 67 S

— @95 i 6
@9  FRTS -14

- as7 SFC [2-11 1
- @98 CFé 1E Zf @8 T
[ 893  GSEY o Er 1 calculate consts

le@ E7GZ  II 82 | goto output rout.

| l
REGISTERS S - -

Corfe | zmBw | R > ‘used |ysat |° » A
S2 S3 S4 S5 S6 S7 S8 S9

? A, > Gaes n-2 Qn-3 Au-d n-= an-¢ Q-7 An-g An-4
A B C D E
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

181 xiBLe 21 it 12 [lowpass Type 2 | 155 xBLT 21 67 Jtype 1 routine
L 18z SFL le-il print headings L 156 RcLz 36 82 JR
| 183 3 gz s 157 RCLi 36 81 {2mBW

184 £ fz nzou L 158 £ -24
les  Fk7x o -is L 159 ST04 35 84 inductor scaling
186 SFC ie=11 L 1680 RCLE 36 &z
167 CFé 16 & 48  |lowpass filter | 161 NE 53
188  GSEY Z3 87  |change to type 2 | 162 = -2

| 189  RCL: Z& 8z coefficients i 163  STOS 35 65  {capacitor scaling

- lle AR o - 164 g 86 {initialize k
111 57=4 J5-Z4 &4 . 165 STG7 s ar
112 §Tx3 35-35 @5 ! 166 RTK 2§
113 6T0s o2 dc goto output routinel 167 x%LBLS 1 8¢  Jincrement k and

I 114 *%LELJd &1 i€ 14  |Highpass Type 2 . 168 1 é1 test loop exit
i 115 SFC le-11 |print heading s 169  ST+7 35-35 &7

L 116 4 a4 . 176 RCLT 36 a7
| 117 z gz nhon ! 17i 5 gs

118  FPRTA -id | 172 + -55

| 113 5Pl ie-ii . 173 §TGI 35 4€
[ 128 SFE le Zi B8  |highpass filter | 174  RCLT 36 a7 |
| 121 ESEYT 23 87 Jeale coeff's s 175 RCLE 38 66 .

122 &TiS ce B {goto output routinel 176 i I
123 xLBLe £l ie IZ  |{Highpass Type 1 - 177 + -55
124 5FC ig-1! {print heading - 178 RTK 24
125 4 &4 R
126 i i ny " |
127 PETS -1 |
128 SFL ig-11 | |
129 SF@ & Zi1 86  |highpass filter -

| 138 ESE7 238 {calc coeff's [ —_
131 RCL:E €& 8
132 52 200
133 S§T=4 35-34 @4
134  §Tx5  35-35 @5

135 x%LEBLE 2l @z lopass/hipass out.
136 ESES Sa 8s {increment k

137 K&V7 i6-3%  ltest for loop exit
138 RTH 4

- 139 RCLi J& 45  {recall a
- 148 Fé¢ 16 23 @6  {highpass?
| 141 175 52 {if so form 1/a —
. 142  RCLS 36 85 {scale element value

- 143 S -3
- 144  FRTX -id {print element

- 145  ESEZ 2 85 {increment k

- 146 X&Y7 ie-35  {test for loop exit
- 147 ETH 4
- 148 RCii J& 45  {recall a
- 149 Fe7 ig 22 ae ihighpass?
- 156 148 52  {if so form 1/ay
i 131  RCL4 & 84  {scale element value |5
- 152 i -35
i 153 FRTN -14  1print element
i 134 6702 IZ B2 ]loop

| |
LABELS FLAGS SET STATUS

ieereB27onR, |Be, | andsRe Ef;‘,,’fézp O Used FLAGS TRIG DISP
hpa ”

Mot PFuecs 2L iy [ | used oD m| oEc m Fx O
Oifgw‘qo ngfshe pass/Apas|3 2 2 1 O @| GRADO sc1 O
%J_m‘_e;oa/ /vop %fix 8Bandblop |o/incrvemen? K3 . RAD U ENG @

fromoolfost exit s 0 & N3         
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Program Title Y-A TRANSFORM FOR L,R, or C

Contributor's Name BRUCE K., MURDOCK

Address 6875 SABADO TARDE RD.

City GOLETA State CALIF Zip Code 93017
\ J

( )
This program performs the Y-A transform forProgram Description, Equations, Variables

trios of resistors, inductors, or capacitors., These transformations find

use wherever awkward or physically impractical element values result from

The resistive transform is oftentimes used with

The inductive

electrical network design.

op-amp summing network design to keep the resistor values low,

and capacitive transforms can be of assistance in filter design, and form part

of the set of filter design programs contained herein.

The Y-A transforms for one-of-a-kind elements are summarized below.

 

 

   

"Y " ,lopo /o349 "A ’ )[apo/a? 9

o— —0 -

Loe Copacitoes:
Y=A4 (= Calm/sc A->Y (a= 2cc/e;

G = CbOu'{Z2C Cb = =¢Cc /C
(’4_:(’&6’5/26 Om = §CC/0<

SC = Ca+tlh+lum 2Ca = CG + 20k +CCk.

loe Inductoes (anst bosistoes replace L' by £'s)
Y =4 L, = SLL[Lb A=Y la= Lile/SL

Ly =3LL [la Lb = Lzle /2L
Le =3[lm Im = L Lz /S0
2L = Cdlé’%ébéfl( /—ZdéM 2L = L( %Lz 4—[(

  
 

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    \_  
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rf",‘?'ch(es’ - Convert Fhefl//oww, (rpacefox  netwocks. B

Ca ‘ e

o._||__j:__“___o e I___“____I__,, |

TC"’I = ! ¢ l C:

\__ ~

8 )
Sample Problem(s) &( @a.= /,QF Ctb = 3.4/1[- @A C’z= ZulF

Mé/m e V> AN 7‘/4?”574/”1 Ano'  Lina avy Cz 4 and

Uz @((fié #C 74)/0/ dfifl?dfiéuae éo%a_ éz/h’e, andcl

,A a,/fev»%e Frans Loymas - |

?C’ botore. xfm. = O 4F

Solution(s) gfl)él/ da%a (Ao //fl?t% / €-G [:D. 2e-G :

Be-e el , elements are ceapactors G”__]I:
JO 16t mput efesmnents (E I€1. To povform Y—-A

erfwf..h[afm lm‘. To (154 Fransformesd olements

lz_rj )—_E‘E:;Z The %/au.sfivmco/ clemen¥ values ave :

0, = ©. 3337 -, e = 0% ar s Cr = [ 00oyrF,

anad = (7/5 = [ £33 -- ~F . he véfi?/ C’apflC’HA, Has

been reduced 67 9. 4 Jo !

J

rReference(s) W/flé?/?, loves ; /Ve/tdfilfl»é MQ@S/S and %d%‘l!,’ w

Wr/e7

« D] car/s [L11€E lbott betore and affer Yranstormation.

L1 E] fists She car/rn%/y stoved element values. |
\_   
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4 MolE  PlAcTical THONSEOEAIATION EXAMPLE ;.

4 ToP CQoorPlLEPL FPReALLEL RESoA/AT  Bo/OrAsS

FILTER i BEeA/ VES/IGANED Ys Ing THE  TvAE 7

Fle7ee  peogean. THE ELEMIEEA7T JALUES ARE

SOA

723

&

~ | | lc, J‘c“' ¢. -I
% IZ&OFF ZaafFT

1
T

 
 

THE ¢ PICO FARAD BovPLiaé  CAPRAC! 7OL IS  TEOUBLESOME

AS 17 /15 THE SAME RELATIVE VALVE AS PRNrepD Qieov7T BoseD

TRE ABovE LOELTM o JAPREITORSPoeAsS171C. CARPAC 77 ES,

vre A WYe  CorF(1&u2Aar7on)MAYy BE TEOANS FORMED

7o OBTaArr) A BETTEL SECECrron) OF ECEMENS VRLUES,

 

 

2ozpF 22pL

A a | - | L
1 1

Ca _].. Ch

ENé Cu

|

#040nF

UeF3 bATAa
c8b.-12 GSBA Evray

L3EC
i.-1& GEEBE

::agfi W)/ TH THE TRONS FORMED WNETWORK

SEE (W THE CIBCUIT, Lo CAPAC,70E

288, 6-12  xxx é, IS SMalErR THax 202 pr, AVDO

280.86-12 4%k (g

481.6-12 4xx  Z0 EASI LYy MANMNAGED .

A>Y xm  
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LY>NAyTRANSFORMAT/ION|

C L,R B2
e/ement €/omeont element

1 ~ 2 Y=> £
INPUT OUTPUT

DATA/UNITS DATA/UNITS

   
INSTRUCTIONS

Lo o

SELEC- ECEATIEAN/T TIyPE

a) /F CAPRCI7DRS

3 OAD ELeMENTS

Lo ElLemE,

LEME,

S
‘!

j

?1
b=

'

[ -
L

T
1
7
1
7

I
R

D
f
fl
—
fi
—
h

|
!

|
L
‘
J

L
A
J
;
“
_
_
l
w
_
fl
g
_
J

L
o
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_
_
j
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|
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|
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’
‘
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i
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’

L
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|
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*
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
 

 

 

 

 

 

 

 

 

 

  
 

 

 

        
  

1 1 . v

: ]

' 1 oarn eswrey ]

AA1  ®LBLA TT 11 | evrel ciewens 2% #LELD 2 ye A povrwve

@az  5TO4 35 i 1 or a @38 GSEe 23 i6 15

- @83 RTi - a3i FéT 1€ 21 a8 | FOR CAPACI7TORS

@A4 wLBELE 21 iz ) ewrer eeemenr @3z ETO6 2 aE | o€

@85  STCE T % orm @33 aLBLI L 8L | Aoy BOUTING

gag___ RIN 24 @34  RCLA 36 i1 |

807 FLELL oL T | euree mcwenvr @35 RCLE 36 1z | FOR ReSISTRRS
@as  STOC i { zoe b 836 + -55 | Aawp /W pvcTORS

aas  RTN 24 g37  RCLC 36 17

@18 *LBLa <. it 1. tene ao o A3g + -55

a1l CFE 1€ 22 8¢ d70 iwocare @33  5TGD 5 14|

@12 R7K ¢ | aapacsrors @48  RCLA 36 11

813 LBl <. i1t 1L | ser reme o 7o @41  RCLE 35 1Z

} @14  SFE 16 21 8¢ |worcare a4z X -35 ]

@15  RTN i | Resisraes oe miovernes 843  RCLD 36 14|

@lc kLbLe =1 16 It D27 SoD Ad4 z -z¢

a7 SFC 16-11 eTS ANO @45  STOE 35 i3

@18 FRCL& 36 1! Sor OF SrORED 846  RCLA 36 11

@19  FRTA etEn)S a47  RCLC 36 I3

@28 RCLE 35 1Z A48 X -35

21 PRTH -14 @43  RCLD 36 14

82z + -E5 856 z -

@23 RCLC 51T @51 RCLE 36 15

824  FRTx -13 @5z  STOH 35 i

25 + -&8 853 R+ -3

@26 FRTA -4 @54  STOE 75 15|

827  SFC 16-17 @55 RCLE 36 12

828 RTi 24 @56  RCLE 6 17
as;7 -3% |
@58 RCLD 36 14
a53 z -24
@68 STOC 35 i3
@61  RCLE 3£ 1%
@62  STUE 35 iz
@63 GT0e Z£2 16 1%

P

< ]

1

[
1

*

r.

REGISTERS

0 1 2 3 4 5 6 7 8 9

SO St S2 S3 S4 S5 S6 S7 S8 S9

A ECEMENT B EcecAlenT C &SEMENT D E I

lora 4 or m 2orb x:zz.jtztfc,xx usat     
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY COMMENTS

bes e 31t 1 |87 Teewscoer
aeé Far  le 23 &€ FORZ QA PACIrorRS

%67 CT0i 220l op
@68 xLBL#E e

869 RCLA J6 11 Y=>4 72onvscocry

g:;? RELE *2 PR ResisTOCS
@72  RCLB 36 1I AWO /WOUCTORS
73  KCLC & I3 ]

874 x -35
875+ -55
876 RCLA 36 11

77 RCLC 36 12

678 -33
g7s 4 -55
@ggg  STGO 35 i4

ag1 RCLC Je iz

azz z 24
@83  STOE 35 5
684 RCLD 36 1%

@es KCLLE 36 1Z

A8c < -2d

B87  STUE a5 12

#eg  KCLO 26 14

883  RCLH J& 11

ese = -24
asl STGC 35 12

asz RCLE J6 15

Ag93 STOR 35 il

894 ETOe 2 ig6 IS

{

. \ |
_ LABELS FLAGS SET STATUS
ACLEMENVT |B ELeMEnTr |Cexemenr |D E 00 = CAP
1er4l-my 4,‘,‘: evrey ZewbTRy YA xim 4:7 Y xfnq "'« Lork TRIG DISP

Asi ‘ Soenrs | DEG @ FIX =

oai;;:ufim/ 10(;;;:»17:;4/ 3 4 2 0= GRAD O SCl O

5 6 7 8 9 3 O = RAD O ENG_0O

O = n           
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~ )
Program Title =~ CHEBYCHEV ACTIVELOWPASS FILTERDESIGN AND POLELOCATIONS

Contributor’s Name Bruce K. Murdock o e

 

 

 

 

Address 6875 sabado Tarde Road R

City — _Goleta __State  Calif __ZipCode93017
\.

Program Description, Equations, Variables . This program ocaloulates theun-normalized E—

Chebychev lowpass active filtervalues for the Sallen and Keycircuit, and

also calculates the locations ofthe real, and complex conjugatepolelocations

whichare used as input for other active filter realizations suchasthe=

_Delyiannis resonator circuit, If thefilter orderis odd, a second card

is required to obtainthe lastconjugate pairand real polelocation.

The pole locations of & normalized Chebychev lowpass filterlie on an

ellipse whose major axis dimension is cosh(a), and whoseminor axis dimension

is sinh(a), where a"—l- arcsinh-l- . Epsilon is related to the passband
3‘o./€J3 '/z

/0 -/ 5 ~~ripple in dB bythe expression

_Using these quantities,therealand imaginarypartsofthepolelocations

_are calculated,

ffi&,&xas/cau o

_Vealpavl,T =(57'2,4a,)(sin -;;—"T)

 

 Mm%nnaqy,aaaffL%E(ba&éqay>(226;'§i/77)

 - -z3 —

§%vdec poletseakomc

 

 
 

Operating Limits and Warnings  This typeoffiltersynthesisis called the cascade

_method, Eachpolepair is synthesized by an isolated op-amp resonator circuit, 

_The entire filteris formedfroma cascade of such resonator circuits, With

__each pole pairbeingindependant theoverallfilter sensitivitiesto component

valuechanges are higherthananequivalentL-Cfilter,hence,highorderfilters

(n greaterthan 9 or so) are quite difficult to tune,and highcomponent

 

L precision is required, The leapfrog active topology is one solution here., -

 

 

 

4 )

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   \. ./   
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Each pole pair location may be expressed in terms of real and imaginary parts
which is the Cartesian coordinate system, or the polar coordinate system may
be used, in which case the pole pair location may be expressed by a natural
frequency, LA and a Q, or quality factor., The relation between these referemce
systems is:

_——v
Wn = ‘k 0154.00;?

o = ave dan. Lk
Oie.

_ /

2 Cos &

The element values of the Sallen and Key type op-amp resonator are easily
expressed in terms of w and Q as followss

 

Le
oolB

1"

  

c
Cz = 3 , (32 = : 2

Wn R 40

This program uses these relationships derived above to sequentially increment

k, find the normalized pole pair location, find the associated natural frequency

and Q, and then to calculate the two capacitor values, The filter is denormalized

by multipling the normalized natural frequency by the filter cutoff frequency
or by an additional multiplication of cosh(l/n(arccosh(1l/e))) depending whether
the filter is to be ey or 5dB down at the cutoff frequency.

If the filter order is odd, then a real pole also exists., A third order
op-amp resonator circuit may be employed to produce this pole and one complex
conjugate pole pair also, The lowest Q pole pair is generally chosen in this

instance to keep the element value spread within bounds.
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sSeceond ovoev~ rea/(

—_ N _‘1___~ pole pa)r pole

A = C, + 365 C+ Wn Q

7 /

B= 205(C+C) = 06 ¥ e

¢ = (G0 = 2

Thes< .é’7ua¢(ms maey be solvead Lo Lina a, » fiz, and Cs

allev a/fzéra/c mah/pa/afim, a Cubic efiua»&;no rm Co

alore (s obLasned .

03(4c-208) + (5(44c +38%) + Co(-128¢) +120% = o

hand beok maie Yaldeo 1S woed Yo Lino Oz

_ 4,4@#352

4C - ZA8 =(o tn progran //s/my)

 

g = =/z8c
40- 2A8

z
ro= _12¢

4C- zAB  

—

377 Ordec  filfee aiation )

LR B ‘e - _
e,v'h M—I—-—V\M WT-&- . eo

TG| I A ° of arp Connecled aa

< %% a4 " ?fl/;’) amp/l/; cr |

1 1 i

eo/ef”" - 3 = s? 5 ’
CS +E>Sz +As +1 —_ +1 T$+i
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a - 330

b= i (9877-rf

Sorot §gt £
once & s etined Fhe oYher aa,oacc/«»’ values

:@//aw

Cl/: ZGCZ

8¢ - 2C

auX

_

° 75

The =econd eavol &/‘»L/u,o ;flcoytam«u 40/%65 34'-4

above Cubie Cguaeor anA a/7eb/¢u Jo flfi—%fl'”;‘

a, /flz , anX (Csz.

A4 /!/éwy/on—/op/«.fon/ ov M/fys/f/;*' HAeva five 'é/"'

solwtror  Could be wcesd o Solve Fhe ewubic  wrin [ess

Nnecess Qryg et Sher aqase ano Yhe diveet golutsor

inetthoX ~exeewles fas For   
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Sketch(es)  G
 

 
 

 

 

 

 

r

Sample Problem(s).

~ A 1dB ripple Chebychev lowpass filter must pass all frequencies between DC

and 1000 Hz within 1dB, and reject all frequencies higher than 2000 Hz by at

least60dB, The Kawakami nomographs, fig the Butterworth and Chebychev Filter

Order Calculation progrem may be used to determine the necessary filter order,

The programcalculates & minimum order of 6,28, which is rounded tothe nearest

‘higher integer, 7. A 7th order, 1 dB ripple Chebychev will be 68.2 dB down

~at x= 2000/1000= 2 .,

This program will be used to find the element values for a 7th order,

1dBripple, 1000 Hz cutoff Chebychev lowpass filter.

 

Solution(s) The program output is shown on the next page. An impedance level of

10000 Ohms is chosen. As can be seen from the printout, this value results in

8 reasonable selection of capacitor values, the smallest being 732 pF, and the

largest being ,1611 uF, One should be careful to keep the minimum cepacity

valueatleast several hundred picofarads to minimize the effectof parasitic

_capacity.

 

 

 7

Reference(s)     
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r,pple .aln d8i. &35
e G5 L 1lev ordev

resis fance level, ohkms = Ep = Rg = Be

Preg wheve Lither (s €45 (148) down

1.+84 &

e
t

X

G
G
G

O
Y

I
I
2
o

€irst resonafoe (Secomd wdw)
B.26E1I4+8F  xxx Wa
iB.8587+d8  Aay Q
348, 152-85  guw Cia
r3Z. 89615 dwx Cza

SeConmd resorna Lo CS'QCOV\J ovder )

J.B7SIIHED aay wa
3. 1338c+8E  ¥w Q
124.265-d5  xxx% ¢ s
F.11535-85  xxx Cog

wd resona e (Shiva a-/atzv)

L
Y

]
-

]

1656+82  xxs Wwn?) y ) .

EE5EE3+EE wEw C? § wtcon v pole pair

i.23666+83  #¥¥ o NWs S

S4.21Z8-85  max fi [oad sSecond ea"’/ A"/C g/

I61.11i-85 ##% Czc

1AL

6.27TEZ-65 ar (g
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Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several different types of software to help save you time and programming effort. Every one of
our software solutions has been carefully selected to effectively increase your problem-solving poten-
tial. Chances are, we already have the solutions you’re looking for.

Application Pacs

To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-
tensive library of “Application Pacs”. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering

Mathematics Surveying
Electrical Engineering Civil Engineering

Business Decisions Navigation

Clinical Lab and Nuclear Medicine Games

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs;
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books

Hewlett-Packard recently added a unique problem-solving contribution to its existing software
line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner

Portfolio Management/Bonds & Notes Anesthesia

Real Estate Investment Cardiac

Taxes Pulmonary

Home Construction Estimating Chemistry

Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences

Antennas Energy Conservation

Butterworth and Chebyshev Filters Space Science

Thermal and Transport Sciences Biology

EE (Lab) Games

Industrial Engineering Games of Chance

Aeronautical Engineering Aircraft Operation

Control Systems Avigation

Beams and Columns Calendars

High-Level Math Photo Dark Room

Test Statistics COGO-Surveying

Geometry Astrology

Reliability/ QA Forestry



BUTTERWORTH & CHEBYSHEV FILTERS

These programs do almost everything for a filter designer but build the
filter.

BUTTERWORTH ACTIVE FILTER DESIGN, LOWPASS

BUTTERWORTH AND CHEBYSHEV FILTER RESPONSE

BUTTERWORTH AND CHEBYSHEV FILTER GROUP DELAY

BUTTERWORTH AND CHEBYSHEV FILTER ORDER CALCULATION

BUTTERWORTH AND CHEBYSHEV LOWPASS NORMALIZED
COEFFICIENTS

NORMALIZED LOWPASS TO BANDPASS FILTER TRANSFORMATION
FOR TYPES 1, 2, 6 AND 7

NORMALIZED LOWPASS TO BANDPASS FILTER TRANSFORMATION
FOR TYPES 8, 9, 10 and 11

NORMALIZED LOWPASS TO BANDSTOP, LOWPASS, OR HIGHPASS

Y-DELTA TRANSFORM FOR L, R, OR C

CHEBYSHEV ACTIVE LOWPASS FILTER DESIGN AND POLE
LOCATIONS

HEWLETT z I PACKARD
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