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Program Desecription 1

:rogram Titte . NORMALIZED LOWPASS TO BANDSTOP, LOWPASS, OR HIGHPASS j
TRANSFOBMATION )

Contributor's Name Bruce K. Murdock e

Address 6875 sabado Tarde Rd. = I , e

City _Goleta R __State Qalif = ZipCode 93017

\_ J

—

Program Description, Equations, Variables

This program converts the normalized lowpass coefficients (1 Ohm, 1 rad/sec],

generated by another progrem of this set, into the frequency and impedance

_acgl_gd_lgwpass,,,highp,&_s,s*,,,a,nd_bgml_s_t_thopQlogi&,s,_ﬂg_f_omg_c_f‘._e_éch*_imns_-._.__
_formation are given. These forms are the duals of one-another, All these

_transformations are exact (classical) and are applicable for any impedance level,

_bandwidth, and in the bandstop case, center frequency, One should consult

_White's table 7.) to _detemine the physical realizability of a particular

_filter requirement. This table is reproduced herein ,

The program is separsted into three parts which share common subroutines,

_These sections are 1) de-normalization parameter input (bandwidth, termination

resistance level, and center frequency), 2) bandstop denormalizatjon and

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

These program sections will be described in separate sections of
_this description.

Operating Limits and Warnings . This program obtains the normalized lowpass .
_goefficients from register storage in the secondary set of registers. ..
_The filter order, n, is also stored. One should first run the lowpass
_normalized coefficient program, or manually place the desired lowpass normalized

coefficients and filter order in register storage before running thie program. .

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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HIGEPASS, BANDPASS, AND BANDSTOP TRANSFORMATIONS Il ANALYTICAL FORM

1) HIGHPASS TRANSFORMATION
The hichpass transformztion 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
Al =
I e -‘/1 4 wz"
The highpess transformed magnitude response iss
YL
IA(w\\HF = | 4+ wZn

For a detailed explanation see Louis Weinberg, “Network Analysis and
Synthesis", MeGraw-Hill, copyright 1962, chapter 11, Alsoc see Zverev,

2) BANDPASS TRANSFOEMATION
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 Center dreciency
S wo = - =
s> @ f we * ?‘E where e = Zo band wid i

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

]A(ub\h: 51 + (Qu &_%))vag"/z

Azain, for a detailed explanation, see Weinberg or Zverev,

3) BANDSTOP TRANSFORMATION
The bandstop transformation is to the bandpass transformatior, as
the highpass transformation 1s to the lowpass, i.,e., they are recipricals, hence,
the normalized bandstop transformation is to replace s by 1/(s+¢l/s).
As with the bandpass, this equation may be denormalized to the operating
impedance and bandwidth. The denormalized equation with s replaced by jw becomes:

w s tffo.fi-2e3)

(25 oud

The Butterworth equation for the lowpass magnitude response transforms
w wo? z ‘/z
[@fa- 2]
‘A(w)\ = '%? 3
8.s. & =
1 + [Q‘- wo wﬁj

The subject of bandstop filters is generally avoided, or discussed lightly
by most authors, No particularly good reference exists unfortunately., All of
the narrowband approximations and transformations that have been derived for the
bandpass case should be deriveble 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 coupling structurea"
McGraw-Hill, copyright 1964, chapter 12,

thus:;
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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

follows;

Readily Realizable (R)
1 uHy< L<
5pF< C=

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

Marginally practical (M)
50 nHy =L =100 Hy
0.5 pF< € <500 uF

Impractical (I)
All element values that lie outside the range of Marginal
i, e.,
L< 50 nHy
L >100 Hy
Cc< 05 pF
¢ >500 up

The table headings are meant to indicate ranges of loaded Q, filter
center frequency, and impedance level, These ranges are defined as followss

Frequency,
fo= 10 Hz implies: 3 Hzs £,< 30 Hz
fo= 100 Hz impliess 30 Hz< fo < 500 Hz
fo=1kHz impliess 300 Hz=f,~ 3 kHz
fo= 10 kHz impliess 3 kHz=f4 = 30 kHz
fy = 100 kHz impliess 30 kHz= £, < 500 kHz
fo=1mHz impliess 300 kHz= f,< 3 mHz
fo= 10 mHz impliess 3 mHz=f, < 30 mHz
- 100 mHz impliess 30 mHz=< £, < 300 mHz

At frequencies above 300 mHz, lumped element filters are
generally replaced with transmission line type filters.

Loaded Q (Q;), for bandpess and bandstop,
QL= 5 impliess 3% Q; <10
QL= 15 impliess 10=qp< 30
Q= 50 impliess 30= Qp =100

Impedance Level (source and load resistances equal)
R=3 Ohms impliess 1< R<10 (power filters)
R=50 Ohms impliess 10= R~ 150
R=500 Ohms impliess 150= R<2,5k
R=10 kOhms impliess 2,5k= R~ 50k
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Table 7.1

PHYSICAL REALIZABILITY OF LOW- AND HIGH-PASS FILTERS

R Cut O Frequency, k
ohms W0eps | 100cps | Thke | Wke | 1064 | tme | 10me | 100 me

3 | M M 3 R P M ]
50 M M M R R R R M
500 M R R R R R R
10k I M 3 ) R R 3 I

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/(2~BW))

C, scaled = (C, normalized).(1/(2x(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 freauency)
and reject a 12 kHz signal by at least 75 dB, The Pilter order solution is
cutside the range of the nomographs as A=12 kHz/1l kHz =12 and the )\ scale ends
at 10, 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 equatjon at the bottom of the nomograph for Butterwcrih filters

.e. Asl = (Ap2—1)A B, This equation may be rearranged to solve for n:
fa= £
” /22 Apt-t

2/0; A
Where As and Ap are the ratio equivalents of those quentities expressed
in ds, le€Co 5 [/5(46)%0 z (IP(/B))/O
As = /0 ;s Ap = /0

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 freguency, and resistance level
(1COC Ohms). The normelized Butterworth coefficients define a filter that is
3 <B down at the cutoff frequency, and the 3 dB frequency may be found from
the Butiervorth equation kmowing n a2nd the 1 dB frequency. 'e.

!
A = { — g/zn where _ 10(4s(dB))/10
Ag? -

2
As
ap2= 10(4p(dB))/10
n:

4
A=1,183301 , then

£_zqp"(A)(f_145) = (1.1€3301).(1000 Hz) = 1183.301 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 normelized program
n = 4,p88888 -
Butterworth —w=
pp S
as i.59 ¥¥E
& Lo rar
ah B, AEE
load this program
Bandwidth ji&Z.
Resistance 1888
Lowpass form 1 -—»
cl EA
L2 EE¥
35 LER
L4 rEF
Lowpass form 2 —% GiEQ
3
Ll 162.5-87  w#s
c2 248.5-85  an¥
L3 245.5-87 ##¥
Ch 1B2.5-85 d¥n
1K
[\ g L > \ o
J: 248.5 mﬂyl 702.9 m Hy
~
<> T 1029 45 'l' 248S 4 e
T rvee 1 ' T
'-‘AAF-—-1>-1JJJ - - -~ O~
/K 1702.9 2485 MKy
MAy
<~ 1K
' Tz%aﬁ Tmzmw
e ZZ A ' -
—
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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.

EBspovses” | o5
(a8 [ 3

A Faepoeey
CurorFs

Conceptually the transformation is accomplished by replacing each capacitor
with an inductor, and vice versa in the lowpass structure., The normalized

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

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

ForM | (cooe "37%) Foem 2 (Cook “32-)

The zormalized highpass transforms are;
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Once the normalized highpass transformation has been made, the normalized
filter may be scaled to the desired cutoff frequency, and impedance level in
the same manner as was used in the lowpass case,

Localed = Lormalized {R/<2'(Bw)) z

Cscaled = cnormalized {1/(21(BW)0R)?

Where BW and R represent the operating cutoff 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 a nearby amateur radio transmitter ac this
signal is strong enough to cause cross modulation 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 miz, 1 dB of attenuation and ripple will be allowed across the tv spectrum.
At least 60 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 & balanced structure
by either of two methods, Both methods yield the same result, One way is to
design the filter a% an impedance level that is & the desired level, then draw
the unbalanced filter plus it's mirror imege 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, and then to replace each series element
with two series elements having the saue 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 highpass
element values calculated,
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INDUCTOR DESIGN

Moat 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., At 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 generste the required inductance is required. Wheeler's formula may be
employed for this estimate,

r2 n?

L(uHy) = r=nZ ____
Sr «+ 1071

where n is the number of turns
r is the radius in inches
1 is the length in inches

-

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)
2. 2.1
._r._7‘—'+_1_L

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
inductence 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 l=n/p , and Wheeler's equation
may be rewritten thus: -

n? ré- /alé'.a, -9rL =0

This equation is quadratic in form, and n mey be obtained through use
of the quadratic formula to yleld:

=Y
L sLa) S1of 2P f
rep
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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 % inch form is used, a standard
BAW 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 & 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 de§igns 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 freg/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, c 1976, chapter 6,
A reference on how much greater the resonator Q must be than the filter Q is:
Donald R. J. White," A Handbook on Electrical Filters", White Electromagnetics
Inc, ¢ 1963, chapter 6.
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BANDSTOP TRANSFORMATION

The bandstop filter tranamits all frequencies except those lying within
a 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
specirum., 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
a capacitor at the desired center frequency of the filter. Likewise, each
serles capacitor is parallel resonated with an inductor at the desired center
frequency,

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

A “3 w.
-+ O
N | T
FuLrer T3 L
S PoVSE [ g, = 2.
(dB) aw
- : - S S
FeEQueNCY

7

If 81,80, esseydy, Bre “he normalized lowpass coefficients, one form of
the bandstop filter is:

R
JAL Ca :: i_ﬁ
© e ¥
/
A e =
C’/ wD!Ll T I Wo L‘

FORM 1 (odd order shown)
( heading "21")

even ordered filter stops here
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The other form of this filter is the dual of the first:
L = /¢ w?cy) Loz (o)

3 P ¢ ® 0o 0w p 2o
! S|
C’, = Q‘ ZOL/(WW CL = 0’{(2(000;} é £

Ly =
C’\P Rapa, ) Ly, = ZOL/(“’O 01-4)
T 4- s I/(%Zil) T C’H = //(”Dz lml)c

FORM 2 (heading "22")

The program solves for either form 1 (heading "21"), or form 2 (heading "22%)
of the bandstop filter given the nommalized lowpass coefficients (from the
program of the same neme 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 3 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
determined 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 be designed to
have a 1 dB pandwidth of 6 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 fifth order, 1 dB Chebychev coefficients, then this program
is loaded %o perform the bandstop trensfommation for a center frequency of
63 mHz, a bandwidth of &€ mHz, and & termination resistence level of 75 Ohms.

The HP-97 printout is shown on tie next page for the above operations,
end the two forms of the bandstop filter are shown schematically,

lr
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In this particular example, form 2 is more
physically realizable than is form 1. In form 1,

L2= 19,7 nHy which parallel resonates with 2= 324 pF,
The measured self inductance of a 330 pF silvered mica
capacitor is 7,0 nHy ( 105 mHz self resonant frequency)
About half of the required resonating inductance is
alreedy within the capacitor, which would hinder the
coupling into such a tank circuit, The remaining

12,7 nHy is the inductance of a .6 inch piece of
straight #16 wire!

By contrast, Ll in form 2 is 38,5 nHy, and is
resonated by a 165,7 pF capacitor, The measured self
inductance of a 160 pF silvered mica capacitor with
it's leads bent tightly agasinst the case is 5.5 nHy
(170 mHz resonant frequency). This value of lead
inductance can be absorbed in the resonating
inductor. The resonant tank consists of the 160 pF
capacitor, and 3/4 turn of #1& AWG on a 0,2 inch
dia, form with a Carbonyl J tuning slug.
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TUNING THE FILTER

The bandstop filiter, 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:d each series tank must be decoupled
from their neighbors. At lower frequencies (certantly below (0 kHz) meny
methods exist for coupling into the tank, For example, & small resistance
may be introduced into the bottom of the inductor, and & small voltage
impressed across this resistance. Another way 1s to pass one lead of the
inductor through the eye of a toroid which already has a winding on it, thus
forming & 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,

w
PROBE SCOPE

Q

AX

Toroia 1 Turn

At higher frequencies, such as the bandstop example, coupling becomes
more difficult, It is also difficult to keep the additional parasitic capacitance
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

nay be connected during tuning, and any stray capacity or inductance compensated
for,
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COMMENTS STEP  KEY ENTRY COMMENTS
B6i *LBLR enter center freq. a47 Bandstop loop
eaz Fi multiply by 2w B48 increment k
aa3 i 843 test for loop exit
B8a4 AT
aas A 831 8)
aas  5TaE store 2nf a5z
Bars ETii 853
BA3  xLiELE enter bandwidth as4 test for printorder
aas Fi multiply by 2w @55
eie 836
B11 Z asr
ai2 A 828
813 574 store 2rBW 859
#14 ETH 868 calc & print elts,
B15 *LBLC enter resistance Bel increment k
g1 STGZ store resistance | 862 test for loop exit
817 ETH 2 863
818 »LELD Ziis Bandstop Type 1 864
ais SFC ig-ii print heading @6o
828 z gz n21v 866
8zl & Be7? test for printorder
822  PRTA is 86
823 5FC ; ; 863
324 CF! ] establish print 670
e order. a7l
826 xLBLE 2! ! |Bandstop type 2 arz
Be7 SFC print heading ar3 cale & print elts.
8z z a2 a74
8:z9 z ars ag calculate and print
838 FEIA 876 b -3 subroutine for
83l SFC ar¢  STGS 33 @8 bandstop filters
a3z SFi estab print order 8’8 Fa: ig 23 8€
B33 xLBLG calc bandstop coefst 879  PRTX 4
834  ECLE R - ege  RCLE i
835 RCiLi 2wBW agl 5 3
a3s 852 ;
@37  RCLE v, L ag3 14k J
azs AE . 884  FRTA id
835 g - 885 Fa® i &3 @8
848  ST0s 8gs  G70e & Bg
B4l  KCLZ a87  RCLS J& @8
a4z KE 888  PRTA -14
843 2 @89 «xLELe 2i @&
#44  STO0S asa SFL ig-1i
845 I initialize k agi RTH 2§
A46  STOT @92 *LELo Zi 1& 11  { lowpass type 1
@93 SFC ig-1! | print heading
@94 3 g2 L
o 895 i &l
89  FRTA -14
- a7 FC id
i /a8 & ]
] 899  ESET 1 calculate consts
[ 1ea & 1 goto output rout.
l |
REGISTERS - 5
6 7
Corfe | zmaw | & ’ ‘used |5t ” 4.
2 S3 S4 S5 S6 s7 S8 S9
n [ s [t | s [ Qi [(Ous [ e |[Cry | Gns | dr-a
D E
g An-,o ° Qn-n © an-12 (ndex
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81
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
181 xlbik 21 i€ 12  ]lowpass Type 2 [ 155 wBLr 21 8 Jtype 1 routine
1z SFC ie-il  fprint headings . 156  RCLZ 36 82 4R
183 3 63| - 157 RCLi 36 8& J20BW
164 z 8z nzon - 158 = -Z4
- 185 FRTA | 159 5T04 35 84 {inductor scaling
186 s 168  RCLE 6 6z
167 ]lowpass filter N 161 NE 53
188 change to type 2 i 162 z -4 ]
189 , coefficients 5 163 STOS 35 85 Jcapacitor scaling
e A - 164 & 8¢  {initialize k
111 57=4 - 165  STG7 I
1z ST= s 168 RIN i
113 ETds s goto output routinel 167 *LBL3S £l a8 {increment k and
114 %iEL4 21 i¢ 14 |Highpass Type 2 s 166 i 1 test loop exit
! 115 SFL i6-11 print heading 5 169  5T+7 35-53 &7
| 116 4 g4 - 178 RCL7 i6 87
117 Z g "yon - 171 g gs
118 FRTA ~i4 L 172 + -3%
11y SR ig-li . 173 §Tol 75 46
128 SFe 1o zZi BE highpass filter _ 174 RCLT 3& &7
121 BSET 23 B calc coeff's 5 175 RCLE 36 &8¢
122 6TG0: 28 B goto output routine | i7e i ai
123 xLBLe 21 1€ iZ  {Highpass Type 1 - 177 + 93
124 5FC ig-il print heading - 178 RTk 24
5 123 4 B4 C
s 126 i &l w4y 5
127 14 5
128 ! o
: 128 highpass filter -
s 138 calc coeff's - —
131
K 20
X 133
- 134
135 lopass/hipass out.
5 138 o increment k
: 137 da test for loop exit
: 138 4
: 139 RCLi 36 45 recall &
. 148 Fet 6 23 66  {highpass?
i 141 175 5: |if so form 1/ay =
i i42  RCLS 36 8% scale element value
: 143 -35
- 144  FRTH -i4 print element
- 145  E56% . 85 increment k
- 146 X&YF 35 {test for loop exit
- 147 RTH z4
- 148 RCiL 45 recall a
- 149 Fe*  @é highpass?
- 158 178 52  {if so form 1/ay
i 131  RCL4 J& 84 scale element value [555
- 152 -35
i 153 PRTA -14 print element
i 154 6702 & 8z loop
| |
LABELS FLAGS SET STATUS
ol o, | 227, LT TG || ved | rags e o
hpo
afowpass |oLowpags [ prrles I'@icye [ "uced | D @| o m | Fx O
oi;%zéqo 1%43#( ] ;fv“777//:9 3 4 2 1 O B | GRAD E]l SC:3 E
5 %a: /vof  1THi[Low /0/:: 8 %ﬁkﬁ Q/Mnl:ﬂ; 7 i E]] : RAD E'l‘i__
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Program Deseription 1|

—~
Program Title Y- A TRANSFORM FOR L,R, or C . W
Contributor's Name  BRUCE K, MURDOCK
Address 6875 SABADO TARDE RD. . L
City GOLETA State CALIF. Zip Code - 93017
\_ J
. A
Program Description, Equations, Variables ~ This program performs the Y-A transform for
trios of resistors, inductors, or capacitors., These transformations find o
use wherever awkwerd or physically impractical element values result from
electrical network design. The resistive transform is oftentimes used with
op-amp summing network deslgn to keep the resistor values low, The inductive
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 transfoms for one-of-a-kind elements are summarized below,
1) "
Y Jopology
| [ i
Loe Copacitoes: ,; »
Y= A G = Calm/s0 A>Y Ca= zcc/c:
G = CbOu'{ZC | b = =ce/a
e =Calb |5C 0w = =cc/Ck
SC=CatlbilCm 2Ce = C6 + 20 +CCx
. , ey
loe Inauctoes (anod besistoes | replace L' by £ s)
Y =>4 L, = SLL[Lb A=Y la= Lile/=L
Ly =2t [la Lo = lzle /=L
Lz = ZLL /LM Im = /-le/fb
X S = Lalb + Lblm rlalm Slo= Li+lz +lg )
( )
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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Program Desecription 11

ﬁ . - R . - e - - R —
sketeh(es) Dyt the lotlowing (opacifox nefwocks. .
PN __“__I:__“__o : e I,_“——I——’ :
R B LA LI
q | )

fSampIe Problem(s) . 7@9( la = lur , G4 = 3.{/;; @A C’z = ZuF . ,j
m;érm She V>N Franstorm  ano find G, 4 0y and
Cr . @(/zoé e Jota/ @ﬂ?éﬁéuce botu. betore @Budl

aflfer the Franslbymakisr S

SO botore dhm = b 4F

Solution(s) Entey data (Ao prODanc /€E-6 [A ], 2e-6 l____5__—l)
3 -6 [__C.__] 3 e/emen/s are Qaplec )4/5 _@j [E . :
Jo it /k/((?‘ efements (E IE1. To povform Y—>4
travsdorm 1_D 1 Y. To (1s+ Aransfoymed olements

Tlel. e Lransdormes clement palues ave :

0 - 0,333 4, (o= OS5 ar 4 Cz2= l00yr,

annad = C’ls = [ £33-- ~F . T he )éré/ C’a,a:?a/sé, has

been reduced b7 9.4 Jo ! .
\_ _J
s =\
Reference(s) Wen 50/7 , (0‘1/5,' /VZ/IIJOI‘AQ Mﬂé/5/5 aud %ﬂ?ﬁl‘l.f,’

/(/r/e7

x D1 car's [LIIE ] boti before and alfer franstormation.
L lIl_ '.__—Ej / l$1Lo Jhe curren f/y stoved e/empﬂf volues . »
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r

4 Mmoce Placrical T RONSFOCMATION EXAMPLE :

4 7ToP QoorPLER PORALLEL RESOA AT  BaOLASS
FILTER o= BEer VES/GNED USING THE TrAs 7
Flere €  progean. THE —ELEaArEar yALIES ARS
Srd A

I . 4\ \ o
l ) CL ¢. -I
T@opﬁ mpFT

T / PICo BaRap CovPlraé CAPRC! 70L /S TEOUBLESOME

AS 1T 15 THE SAME RELATIVE VALUVE AS PRINTED Qi1e0U!T Sose L

PACASITIC. CRPACI7IES, e ABovE OSTIE o JAPAEITORS

My BE TEONS FORMED INFO A NYE COrF 1&EVBATT oA

o 0B3Ta/n) A BETTEL SECECrIon) OF ECEMENT YR UES

2oz pF 2o2pE
L . AL °
t 17
Ca _].. Ch
Cu | #04nF
bATa
evrey
W T T HE TRANS FORAMEDD WETWORK
(N TrRE CIBCUIT, Qo aCAPAac)7ol
e 1S SupulerR THAx 202 pr, AJD
Ce Lpen SI7ic BOARD CAPAC; 7y 15
e
zzcv EAsSiLy MANRAGED .
A>Y xim

46.46-83 1it  Cm

262,8-12 ey dp
48.68-85 Kxx Za"$
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A A R A O~ /V] /\
C L, R | S |
e/ement e /omont element
7 ~ 2 Y0

{

INSTRUCTIONS DATAUNITS KEYS DATAUNITS
Lo o P& Eard [: [:
] ]
SELEC ;T ELEMENT TIPE I
a) /F  CAPRCI7DRS (£ 1A ]
b) IF _INOUCTOES O€ LeS/STOLS {fﬂl %5 ]
LOAD ELEMENTS Y or A [0
@) Lopp Ecemenwr a ord la 10 |
b) loAD ELEMENT M or £ (& Il ]
e) topo ElemMenr b or 2 (e JL ]
L JL
OBT a0 TRANEEFOLMED ELEMENTS L]
a) Y>> N TEAMSFOL A/ AT IO ol ] | cemwvra
] v M
10 ] b
LIl ] | 2amé
I
L1 | acvart
(10 4
L0 2
[ L] |2142
LI
A) A=Y  TRANVSFORMATION/ L& ] scemenr 1
L 10 ] &
L 10 ] “  Z
(1L ] [Zzr42
10
Ej Ej ELMENT o
[ I ) " -
[ 1] b
[ 1L ) [=ams
[ 1L ]
ro Pen] PEESENILY SIofep L]
Etomenrs (£ [ & | |cecmswria
R &
[ N " 2
[0 ] | = asmers
1L
LI ]
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STEP : KEY ENTRY : KEY CODE COMMENTS STEP . KEY ENTRY i KEY CODE COMMENTS
DArna ewrry .
@81 *¥LELA ] = @29  #LELD
@62 STo% cares Sseemenr @38 GsBe 3 Y=> 4 Rourins
@33 RTi ] @31 FeT i€ FOR. CAPACITORS
@84 kLELE 1 envreR Eccemenr |32 ETOE | o2
6653 STOE & or m @33 ¥LBLI | 4y gOUTIVGE
gag__ RIk ] @34  RCLA *
@e7  xLELC ] enreRr EeMen 7 835 RCLE q coR RBESISTORS
@as  5T4C | z2oe b 836 + = | awpo /woveTDRS
aas RN ] 837 RCLC 35 12
Al8@ *LbLa ¢ T ecene ~a0 o a3s + -55
@11 CF6 I 1o svocare @39  5TGD a5 14
812 RN 24 Jeapncriroes @48  RCLA 36 11
@13 #lbLb i 1t 1f ] s&r ~eee o 7o 841  RCLE 35 12
@14 SFE 1£ 21 &8 | worcere a4z S -35
@15 RN 24 | Revsres o mwaernes 843 RCLD 36 14 ]
@16 KLELe =1 1t 1T | ;@i r sroeeo ad4 z -4 ]
@17 SFC 16-1: e eI TS AN O @45  STOE i5 i3
@18  RCLA 36 1! Sonr of SrokeD @46  RCLF i1
@19  FRTW -14 et En) S @47  RCLC 'z
@26  RCLE 36 12 848 z
21 FRTS -1 @43  RCLD
822 + ot a5 z
823 RCLC 75 12 851 RCLE
824  FRTS -13 a5z STOA 35 ;i
825 + S 853 R -3 ]
826  FRTH -14 | @s4  STOE 75 i=
827 §FC 16-1: 855 RCLE 36 iZ
828 RTH 4 856 RCLE 6 17|
] as7 -3% |
@58 RCLD 3 14
] ass 2 -24
] @8  5TOC I5 iz
] @61 RCLE 35 15
] @52 5TOB 35 1z
] 863  &T0e 2 1615 |
REGISTERS
0 1 2 3 4 5 6 7 8 9
SO S S2 S3 S4 S5 S6 57 S8 S9
A &EEMENT B EcesAMlEnT C &EMENT D E
Iora £ or m 2 0o X Esz'f¢W used '
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87
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@64 *LBLE Zi iS5

@65  GSBe 23 15 15 |87 TRMwsSLomy

a6 Fos 16 £ e | FOR QA PAciroRS

B67  ETO: Iz el ol

A68 xLBL@ 21 8e

869  RCLA 35 11 Y->A TRanSEOH

g;‘? Rcfx__t‘ 2 _; for RESISTOCS

are RCLE 38 iz ANDO INOUVC TOLS

873  KCLL 36 13

ar4 X -23

875 + -5%

@76  RCLH 36 11

77 RCLE € 1T

ars X -35

a79 + -5%

@g@  STOD 35 i

#gl  RCLE 36 i3

agz z -24

#83  STOE 35 %

@84  RCLD kAT

A85 RCLE 36 1Z

#8c z -24

@87  STOE 35 1z

@gg  RCLG 3E 14

859  RCLH 3612

298 z -4

@3] STOC 35 17

892  RCLE 6 15

A93  STOA 35 11

894 GT0e &2 i€ 15

“L N
. |
(A ELEMEA)T |B ELGAMET CMME”I;_ABSLS 3 00 -F t:rG S SET STATUS
Lora ey | 4orar &y | Zovh €nray | Y8 xdm |TASY Xiar | e Lore FLAGS TRIG DISP
a set b, fove ok oelS d e PRI T~ ON OFF
T feean REMENTS om DO | EG @ | Fx =
e o || omoarron 3 a 2 1 0Om| crRaDO | s O
= 5 = 3 5 5 o O m| rRaD O | ENG. O
3 0@ n
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Program Deseription 1

~ )
Program Title CHEBYCHEV ACTIVE LOWPASS FILTER DESIGN AND POLE LOCATIONS .. ...

Contributor's Name Bruce K, Murdock
Address 6875 sabado Tarde Road ...

city . ~Goleta ___State Calif _  ZipCode 93017 .
\

/

2 .
Program Description, Equations, Variables = .. This prbpgram caloulates the un-normalized W

Chebychev lowpass active filter values for the Sallen and Key circuit, and

‘also calculates the locations of the real, and complex conjugate pole logations

which are used ag input for other ective filter realizetions such as the .
Delyiannis resonstor circuit. If the filter order is odd, a second card

is required to obtajn the last conjugate pair and real pole location.

The pole locations of & normalized Chebychev lowpass filter lieonen. .
ellipse whose major axis dimension is cosh(a), and whose minor axis dimension

is sinh(a), where a=_l. arcsinh—]—- . Epsilon is related to the passband
o 64(5 ? /3
‘ripple in dB by the expression ) {/ 5

SN ——.

Using these quantities, the real and imeginary parts of the pole locations .
are calculated,.

"Iwco b I fﬂh Jocaém
S o reat pari, G =_( 5/04 a.)( s E2L — 77‘)

o g~
} - /maymmy /Jmt‘ (ao;é. 2)(cos i,i =L 7)
Sink a.

=173 -, n

5 dec. pole Locationr ¢

Operating Limits and Warnings This type of filter synthesis is called the cascade

method., Fach pole pair is synthesized by en isolated op-amp resonator circuit,

_The entire filter is formed from a cascade of such resonator circuits, With

__each pole pair being independant the overall filter sensitivities to component
value changes are higher than an equivalent I=C fi lter, hence, high order filters
(n greater than 9 or so) are quite difficult to tune, and high component

L preciesion is required, The leapfrog active topology ie one solution here,

.

e

This program has been verified only with respect to the numerical example given in Program Description 1l. 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 CONNECT!ON WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\.

__/
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89

BEach pole pair location may be expressed in terms of real and imaginary parts
which is the Qartesian coordinate system, or the polar coordinate system may
be used, in which case the pole pair location may be expressed by & natural

frequency, W , and & Q, or quality factor. The relation between these referenmce
systems is:

_—y
Wn = 40“":# u);:
& = M?lanb —‘-‘—)ﬁ:
/3
/
& = —
2 Cos B

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

L
rd Le
O—ur WA —o0
7"

a
C’I.—: __.Z_C_Q———- / C'z = {2
Wn £ 40

This program uses these relationships derived above %o sequentially increment
k, find the normalized pole pair location, find the associated natural frequency
and Q, and then to calculate the two cepacitor 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 eyp or 3dB down at the cutoff frequency.

If the filter order is odd, then a real pole also exists. A third order
op-smp 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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377 Ordec  filfew peaticm

l
T
e. &_E_I_W:L_W_LL_‘R#L e.

TG‘ _I Q3 : of amp aaﬂncaéd aa
v % "t1" g9amn amplitrer
1 1 1
eo/ef";" - 3 2 -5 s )
Ce®4 B 4As +4 2.+ +1 Ts+1

wut w
Second orvdev” rea(

/N i__ pole pajir pole.
A:C’,+365— L+wy\&

(S
8 — 205(44'02_) = Wa @ +Z&:z

o = 060 = 4\/40&2

These e7ua¢(ms may be solvea So fina é » ﬂz, and s
alfer a/yeéra/c mam,ﬂa/o%m, a Cubic -eﬁuas&;rn i Co
olome (s obLainad .

03 (4c-208) + CE(44c +382) + G (~r28e) +120%= O

DAe Loced /ﬂm Aubrc /oéuﬁbw /ym e @il bher
pand boo k- mabt. Yaldes 15 woed o Lind Cz .

_ 44C+38°
P 4¢ - ZA8 =(D tn prograen //s%m'g)
_ =/zBC
V7 o ze8
_rzet
4C- zAS
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- Py
0&.-5/" §3g—p25

b = ‘z/’ffg‘%(q?‘zf"')—r‘f
SRR PPN v L3 WS povng LS

onwce G 15 sttained, Sfhe oYhev aapacwlay values
%!/au)

/:
B(;-Zd
anX
_
% o

She second eavol o/ Yo pPeograrc colves g
above Ctbie Lguaeor A a/yzbra., Jo g&)éam
é, / ﬂz / X 3.

4 Wewfon - bophson , o 1/1/175/?/;4 FAeva five éf“'
solichrim  Gowld be weed do Solve Fhe ewbic  wifn [ess
pProgram 804/527 , however , a Second Cavd (s .
Necess @rg w1 e Sher aase ano Frne divreet gofutronr

medthoX xecules Las Seor




92

Program Deseription 11

ﬁ . - B
Sketch(es)

—
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
‘least 60 dB, The Kawakami nomographs, fig the Butterworth and Chebychev Filter
Order Calculation program may be used to determine the necessary filter order.

‘The program calculates & minimum order of 6,28, which is rounded to the nearest

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

_at_Xx= 2000/1000= 2 .

This progrem will be used to find the element values for a 7th order,
1 dB ripple, 1000 Hz cutoff Chebychev lowpass filter.

Solution(s) The progrem ocutput 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

‘& reasonable selection of capacitor values, the smallest being 752 pF, and the
largest being ,1611 uF, One should be careful to keep the minimum capacity
_value at least severasl hundred picofarads to minimize the effect of parasitic

eapaoity.. .. .

r

Reference(s) ... .
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ripple in d8
L 1ler orasv

1.+6% copr  rescs tamce [evel, ohms = Bp=Ra= Pc
1668, G3BE  Preg whwve Lt is €48 (148) down

fivst resonafoe  (secomd ovotor )

G.26614+87F  kkx Wy
SITH ¥ 33 Q
EE ¥ 3 C/A
FIZ.84E-15  AEw Cza
SeCond resona Ao (S‘QGOV\J ovAer )
S.875%50] EF S wa
3. 155¢ ¥y Q
1.54 b3 3 C s
J.115 .ﬂ:r' C,_B

C b o-fd—l’l/)

0543 atcond svare pale pafr

o~
.ZI_C_\- foad sSecomd eard A”C g/w‘s

: Cze
G.277BZ-88  awy Czc
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9 User Instructions
Chebygpes Aetive C.P. Frliers £ £ole [oarkons  CARD#]
A rhey Rrocrtance Rz s ans Bl s ans
STEP INSTRUCTIONS DA#SS,I,TS KEYS D;?Tli\T/S:;rTs
[ | tono Prosgam L]
0L
2 | KEY i PASSBANYD BrpPie N B €53 L Jla ]
.
3 | ey W Freree oeocex n -
I
£ | ey v oE-rormacrzarion @EsisTavEE 2 [ lle |
L
s | s70er oeceean crecurrav L0
Q) [E_FILTER (s 7o 3 ~348 [
DO AT CO705 FLER JeEALY Horocs Lj} [[‘9 s&E &
0 )
L) (F FitTEeR (s 7o B —EdB I
Do) AT CUOTOFF FrREQUEICY Loprocs l J = Wn,
I R Y.
I e <7,
[ R e .Y
oI Wnz2
I @z
I Cy
L Cez
I '
* (E  FlLrel peosL Is 000 . E_] l:l ./////////#
L1110 17 Wit B LISPEAVERD [_7 [; :
WHICH SISAMALS Tres OPELATOL ".:]r U,
7O (o0 TiHE Secondd CArO Qu
ANO Prsss  [A ] g% u
I Cen
N
[T ] Wia S
L oo \| Gu
[ eddez | Cn
L0 ] G n
[ ] E_j\z Oz
I Osn
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User Instruetions

Chebyokov Acbive L.P. ;5 thers & Fble [ocarons
taeo #2 (foc 379 ocdov sectior) 2P

INPUT KEYS OUTPUT

INSTRUCTIONS DATA/UNITS DATA/UNITS

Loar  PEOGE4 A4

swWrree 70 "Man” mooE 7o

— —
|
Pl
—_— —

SOPPRESS LEYSrRorsE PRINIDUT

1R
Il

i I

CON T/ A 0E  PROSRANM Execor/on)

T
h NI o T

— 17 T
|

(I I S S
o

: Tﬁ D

]
|
L
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STEP KEY ENTRY KEY CODE 97 COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
" gar xBLH 21 i | €48 ] |
L @@z Fi? 16 23 aC 856 : &z
L @e3  Fs 15-55 857 . iy
- a4 STOE 35 iZ 858 STO0C 12 cosl o
L 8B5S RIN @59  RIN
[ @85 xLBLE 7 @66 *LBLL Z Jevel
| @er Fa? 23 861 Fi?
| @eg P35 16-51 @6z P25
| 883 STOA 35 1! #63  5T06 3
- el € 8z 864 RIN 24
L an & -24 @65 ¥LBLD
| a1z ENTY -z1 gs  Fi £ 348 # Start
L @13 INT i€ 3¢ 067 z
| @14 CF@ 16 iZ &@ 868
5 a15  K=y? i6-32 869 X
| @16 SF@ 16 Zi 8@ are  FIv
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NOTES



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-L.evel 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
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