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This addendum contains information correcting
three programs in the HP-65 EE Pac 1.

Chebyshev Filter (EE1—14A). In the equation
for b; on page 47, v should be squared.

Inductance of a Single-Layer Close-Wound Coil
(EE1-17A). The variable R on page 52 should
be defined as “radius of coil to center of wire
in inches.”

Skin Effect and Coil Q (EE1—18A). The ex-
pression for Q on page 54 yields answers 100
large by a factor of 1000, Change the constant
in the equation from 25.59 to .0256. Change
the answer on page 55 from Q= 1.08 x 10°
to Q = 1.08 x 10%. Change the program listing
on page 128 as follows:

Step Change from Change to
67 0z 2 83 -
68 05 5 00 O
69 83 02 2
70 05 5 05 5
‘ 71 09 9 06 6
\\ (continued on back of card) _)

& HEWLETT-PACKARD, 1974

SE PRV EER!

s
&]';.

CONTENTS

Introduction . ]
Format of User Instructmns .
Entering a Program .

Reactance Chart

Series Resonant Circuit .

Parallel Resonant Circuit .

Impedance of Ladder Network

T Attenuator S .

Pl Attenuator . .
WYE-Delta or Delta WYE Transfurnmtmn .
Minimum-Loss Pad Matching . .

P1 Network Empedance Matching .

Band Pass Filter Design .

. Active Filter — Low Pass

Active Filter — High Pass

_ Butterworth Filter.

Chebyshev Filter . . . .
Capacitance of Parallel Plates .o
Self Inductance of Straight Round w:re

Contents

Inductance of a Single-Layer Close-Wound Coil .

Skin Effect and Coil
Transformer Design
Reed Relay Design

. Impedance of Transmission Lme \

Transmission Line Impedance Transformation

. Microstrip Transmission Line .

S<Y Parameter Conversion

. Power Supply Rectifier Cire:uit;
. Controlled Rectifier Circuits . .
. Integrated Circuit Current Source .

Transistor Bias . . . .
JFET Bias and Transcnnducmnce )
Phase-Locked Loop

. Fourier Series

Decibel Conversion

. Voltage to dBm.

Wire Tables Al and Annealed Cu .
Heat Sinks

ngram Listings .

1

32

REOLREVBEREES

s I B
P =l

78

107147



_*E_

FEEE

mmMmmom e

HH

Introduction 3

INTRODUCTION

Programs for the HP-03 Electrical Engineering Pac [ were selected to
cover a broad range of electrical engineering applications. There are
programs for impedance matching, filter design, transmission line
calculations, parameter conversion, power supply design, transistor
biasing, control system analysis, waveform analysis, and wire tables,

Electrical Engineering Pac I includes 40 pre-recorded magnetic
cards, a card case, 20 pocket instruction cards, and an instruction
hooklet with program descriptions, formulas, example problems,
user instructions and program listings.

Through the Users’ Library and electrical engineering pac
development, Hewlett-Packard hopes to provide useful programs for
the many fields within electrical engineering. We hope you find
Elecirical Engineering Pac I a useful tool, and we welcome your

comments and suggestions.



4 Format of User Instructions

FORMAT OF USER INSTRUCTIONS

The completed User Instruction Form is your guide to operating the
programs in this Pac.
The form is composed of five labeled columns. Reading from left

to right, the first column, labeled STEP, gives the instruction step
number.

The INSTRUCTIONS column gives instructions and comments
concerning the operations to be performed.

The INPUT-DATA/UNITS column specifies the input data, and
the units of data if applicable. Data input keys consist of the
numeric keys [0] to[8], [+](decimal point), [EEX] (enter exponent),
and [CHS] (change sign).

The KEYS column specifies the keys to be pressed. All key
designations are identical to those appearing on the HP-65. Ignore
any blank spaces in the KEYS columns.

The OUTPUT-DATA/UNITS column specifies intermediate and
final outputs and their units where applicable.

The following is an example of the User Instruction Form for
Program EE1—-09A, PI Network Impedance Matching.

STEP INSTRUCTIONS | DATA/UNITS ; KEYS l DATA/UNITS
1 Enter program | ! :_ ] I
2 | Initialize [TrRrn ][ ris l 0.0000 x 10°
3 | Inputs RS (s |
S | J e
. Input impedance ' 2,8 |L_E A |l
‘ Output imped.an-:e. | Z,, 51 | “AF __ :_ |
: Freguency | f, Hz E B
ul;;F..i.w .fa;m — : : o
- ;l : Outputs | [___““‘ -
] Input capacitor | | E | C _‘ E. F
ﬁuml.‘t.cap;cit;r_ e oo s s mEH — P Al
| |ﬁ;§ucmr | | : | o |[ T L, H
5 - I-:I.en.::all inputs (optional) [ B T ; - )
f Input impe:.jani-:.e - | _Hm_ _l. 7 Z,. 11
Output impedance | RCL J! 2 | 2y, 11
Frequency | I RCL _1, 3_.‘_!- - f, Hz
ﬂuallw factor B |  RCL :L 4 | Q
| 6 |Formewose rewmtosep3. | [l

-

T

ool

_-_-_-—-—-

m mmMmMmMmMMTOMIMM O T

d W o

VO

mnmnm

mT

-

-~

Format of User Instructions 5

Step 1: The first step in all programs is to enter the prerecorded
magnetic card into the HP-65 (see Entering a Program, page 7).

Step 2: The initialization step clears certain ljegi?tﬂ_m’ if necessary,
and sets an appropriate display format. After initialization, the user
may select another display format if desired. Most programs con-
tain an initialization routine which is executed by pressm_g,
. When there was no room for such a routine, the user instruc-
tions indicate an alternate method of initialization (if necessary).

Step 3: In this step, the known values are input. In this case there
were so many knowns and unknowns that it was necessary to
program Key J as a shift key to dguble _the: fgnctmns of the
remaining four keys. The data may be input in ar‘b1t+rary order. (In
some cases the user instruction form designates a particular order for

data input or output).

Step 4: In this step of the example the order in which the output
data is computed and displayed is unimportant. However, it is a
good practice to output data in the same order as shown on the User
Instruction Form.

Step 5: In this step the input data previously stnired may be. recalled
for inspection. Circled numbers on the magnetic card indicate the
registers in which data is stored.

Step 6: This step gives instructions for starting a new case. In this
example, return to Step 3.
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Entering a Program 7

ENTERING A PROGRAM

From the card case supplied with this application pac, select a
program card.

Set W/PRGM-RUN switch to RUN.

Turn the calculator ON. You should see 0.00

Gently insert the card (printed side up) in the right, lower slot as
shown. When the card is part way in, the motor engages it and passes
it out the left side of the calculator. Sometimes the motor engages
but does not pull the card in. If this happens, push the card a little
farther into the machine. Do not impede or force the card; let it
move freely. (The display will flash if the card reads improperly. In
this case, press and reinsert the card.)

When the motor stops, remove the card from the left side of the
calculator and insert it in the upper “window slot™ on the right side
of the calculator.

The program is now stored in the calculator. It remains stored
until another program is entered or the calculator is turned off.




This program provides a means of determining the missing value in

EE 1-01A

REACTANCE CHART

REACTANCE CHART EE 1-01A
1O, c@ L@  CALC iE

the relation

where

when any two values are known. It can also be used to find the

f = resonant frequency in hertz
L = inductance in henrys

C = capacitance in farads

reactance of an element at a given frequency:

|
e 2w fC
Xp = 27 fL

where X = capacitive reactance in 2

X1, = inductive reactance in 2

Examples:
1. C=100 pF
f=100 MHz

Calculate L =25.33 nH (2.5330 x 10°%)
Xc=-15.915 © (-1.5915 x 10")

L=25H

f=60Hz

Calculate C =2.8145 uF (2.8145 x 107%)
XL =942.48 2 (9.4248 x 10?)

C=0.01uF
L=160uH
Calculate f=125.82 kHz (1.2582 x 10%)

A\
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Enter program

Initialize

Input knowns (any 2)

Frequency
Capacitance
Inductance
Compute unknown
Frequency
Capacitance
Inductance
Capacitive reactance”
Inductive reactance”
Recall inputs
Frequency
Capacitance

Inductance

Change appropriate inputs or

go to 2 for new case.

The desired frequency must be

input in step 3.

INSTRUCTIONS

oS S

EE 1-01A 9
T INPUT P OUTPUT
| DATA/UNITS DETA.IUHH?“_
L]
RTN || R/S
fHz -{ A - (2mf)-2
C.F B
L, H C
E |[ A . Hz
3 B | C,F
E C L, H
e J[ o] X0
D . X, 0
[ —T—] N
lReL | 1 | fHe
RcL || 2 | cF
RCL || 3 L H
=




10 EE 1-02A

SERIES RESONANT CIRCUIT

SERIES RESONANT CIRCUIT EE 1-02A
R C fr ANG [Z] =
Ry @ L% f{®  mac[z] ¢ &

This program computes the input impedance Z and the resonant
frequency f, of the series resonant circuit shown. At any desired
frequency the magnitude and phase of Z are calculated and displayed.

o &AM
Z—» Rp c

o &

(1 -w?LC)+jR,Cw
R+ Ry ) (1 -w?LC) +j(Rs +Ry) Cw

12nt = jw

o
Il

= frequency in hertz
= frequency in radians per second
= capacitance in farads

inductance in henrys

= = 0 €
I

= resistance in ohms

" '.D mmmmmMmmMmmMmmMmmm m N_!_s__v__

EE 1-02A

The magnitude and angle of Z are

R, [(1 - w? LO? + R C? w?]”

MAG[Z] = — - — :

[ 1 [{l_mz LC}E +{R5+Rp}1 C'I mlll.r’
. RCw - (R +R) Cw

! = tan - - tan
AN{—IIZ] tan |- wz [C - mz e
The resonant frequency 1s
1
fr

2w/ LC

Notes:

11

1. When MAG[Z] or ANG[Z] has been computed, the other

may be displayed by pressing {8] [X¥Y] .

2. Be sure that DEG mode is selected.
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Examples:

1. R, = 10,000 £2

1 Q
100 pF

L =1uH

Calculate

f, = 1.59 x 107 Hz (15 915 494.31)

f, Hz MAG|Z],2 | ANG[Z], degrees
~ IMHz | 156556 | -80.96
| 15MHz | 11.90 -85.11
16 MHz 1.46 46.64
| 100MHz |  611.20 8640
2. R, = 10%°
R, =0
C = .159155
L = .159155
Calculate
f, = 1.0 Hz (1.00 x 10°)
| LHz | MAGIZL® | ANGIZ],degres
| 0.5 1.50 x 10° | 2.70 x 102 |
1 716 x10°7 9.00 x 10’
1S | 833x10" | 9.00x 10 )

STEP

INSTRUCTIONS

Enter program

Initialize

Input values
Series resistor
Parallel resistor
Capacitor
Inductor
Frequency

Select desired outputs
Resonant frequency
Magnitude of impedance
Angle of impedance

Recall inputs (optional)

For new case, return to step 3

to enter any new values.

EE 1-02A 13
__ga{'r:.?ﬂ;ngﬁ_m_ KEYS DATA/UNITS ]
" |
.2 RTN || R/S |
e
e T
cF [ E 5
=
f, Hz cC |
E || ¢ f,, Hz
D MAG(Z], Q|
£ D__| ANG(Z],deg.
LReL |l 1 | R,@
[rRet I 2 | Ro.Q
[rReL [ 3 1 cF
=— | .
[re I 5 | fhe |
E ‘ |
_ |
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PARALLEL RESONANT CIRCUIT The resonant frequency is

1
f. = -
2w/ LC

-_

f, ANG [Z]
RO E% f® MAG [Z] ’ g

v

N
( PARALLEL RESONANT CIRCUIT EE 1-03B

w o

The magnitude and angle of Z are

This program computes the input impedance Z and the undamped RLw
natural frequency f; of the parallel resonant circuit shown. At any

desired frequency, the magnitude and phase of Z are calculated and

displayed. A specizjd miut:me allows automatic incrementation of ANG(Z] = 90° - tan"? .f_‘_;.L2 .
frequency as a plotting aid. R(1 - w?LC)
© * Notes: ,
.  When MAG|Z] or ANG[Z]| has been computed, the other
£ R — L may be displayed by pressing 9] [X¥Y].
2. Frequency incrementation may be made multiplicative by
O- K changing the programs as follows:

PRESS GTO 1
SWITCH TO W/PRGM

The input impedance is given by

TEEEE)

7= ] S ~ jRLw PRESS g| [DEL] [X
C 2, 1 , 1  R(-wlLC)+jwL z SWITCH TO RUN
RC LC l
where 11
s =j2mf = jw I

f = frequency in hertz
w = frequency in radians per second
C = capacitance in farads
L = inductance in henrys
R = resistance in ohms

mmmmmmmmmmm™mm m

'TEEEK

(|



16 EE 1-03A
Examples:
1. R=100 %2
C=100 pF
L=10uH
Calculate
f, = 5.033 MHz (5 032 921.21)
Set up iteration
fo =0,Af=1x10°
f,MHz | MAG[Z],Q | ANG[Z], degrees
1 54.74 56.81
2 83.07 33.83
3 94.62 18.88
4 08.94 8.34
5 100.00 0.24
6 99.38 -6.38
7 97.82 -11.99
8 95.68 -16.89
9 l 93.21 -21.24
2.  R=5000%
C=1uF
L=3mH
Calculate

fr =2905.76 Hz

Set up iteration

fo = 100, Af = 2 (program altered to multiply by Af)

f,Hz | MAG[Z],Q | ANG[Z], degrees
200 3.79 89.96
400 7.69 89.91
800 16.32 89.81
1600 43.28 89.50
3200 283.03 -86.76
6400 31.32 -89.64
12800 13.11 ~89.85

TEEEEEEER

[ s

W
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EE 1-03A 17

T INPUT - OuTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS ' DATA/UNITS
| 1 | Enter program | e
|2 Initialize ] _H":N FE’E‘-’*_+
3 input values - e —
IR i : g Ca
S IR e e i
C.F I| E B |
| L, H ! B |
4 Compute natural . s | e W ____E__ -
‘| frequency (optional) IL_E C f.. Hz
| o . .- = —_—
5 Input frequency . ! . J -
- f, Hz C
- | - | AR . — R
| &  Select desired output o |l - e | - N
] D | MAG(Z],
: | E D_| ANG(Z], deg.
L . , s |. - | i - dmipemienipunipiigh i —
.7 | For new case, return to step 3 1 | i |+ RN
'r orstep b . __j i i
i 8  Recall inputs (optional) | | B
] | RCL || 1 R, 2
B | RcL | 3 | CcF
_ RCL 4 [ L, H
| RCL || 5 || f.Hz
3. 9 (Optional iteration) | | B
| Input starting f  foHz  ([STOJ[ 5 ] ]
% Input increment Af, see note 2 STO 2 |
| 9a |Branchto LBL 1 Ggro || 1 |
s I F— = il — . __Ir - R p— EE—— & M ———— =
O9b Display f ' R/S | f, Hz
oo - | ) I 1 I ) B .
| 8 Display MAG[Z] RIS | MAG(Z], 2
T — 4 o — - - I —
9d Display ANG[Z] R/S ANGI([Z], deg.
- . o . | el A o
5_ Repeat 9b, 9¢, and 9d as desired i i
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EE 1-04A 19
B8
IMPEDANCE OF LADDER NETWORK " Note
\ E i An erroneous entry may be corrected by entering the negative of the
IMPEDANCE OF LADDER NETWORK EE 1-04A :
Rs Cs Ls f + incorrect value.
Rp Lp Cp X2y E,
Ef Examples:
This program computes the input impedance of an arbitrary ladder 1 f=4 MHz
network. Elements are added one at a time starting from the right. |
The first element must be in parallel. E'. ' O- ? m——.
Suppose we have a network whose input admittance is Y;,. Adding a n
shunt R, L, or C, the input admittance becomes E L 7 706 pF o= 2400 pF <€ 500
1
Yin +(-—- + jD)
R E o & ®-
Yoew =% Yin ¥{ 0 -] : PUT Z
new in J 2 Lp IN E’i
E: R, = 50 50.00 % 0.00
Yin +(0+jwCp) Cp = 24001 E—12 15.74i-71.6n6
L,=2.56 E-6 49.65 % 84.28
. = — 69 % 0.98° =500%0
Adding a series R, L, or C, we have E Cp 796 E—12 497

, -1
(“?u: + (R +j0))

-1
Y pew = (;f— HO+jw Ls))

n

(i (056)

The program converts this admittance to an impedance for display.

B

R

({

o v '&-“'
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EE 1-04A 21
20 EE 1-04A _ - *
S S T INPUT KEYS OUTPUT
- STEP INSTRUCTIONS ATA/UNITS DATA /UNITS
2. f=@Qn)" ' Hz I : D ] |
. .: 1 Enter program _ |
® F | 2 | Initialize ' _H_TN _H‘{S . |
. Y Y\ AAA :
o T ¢ " 1000 H sas0 0 Input frequency fL.H, O _J 2nf
2000 0 E l Input a parallel eleme_m — |
£ H F 9 0 Parallel resistor Hp-.g A ‘ _r"'TE“[Zin]_
Parallel inductor .l.-p. H S E__ . 1 __”'AG [_2_in]
4 E Parallel capacitor Cp. F . MAG [Zin]
INPUT ZIN Input another element I | -
Rp = 1000 1000 = Dn E ‘i Series resistor Fji_ﬂ B E_ A | NI;E}E_[Z,“]
Rs = 1000 2000 & DD I or Series capacitor %F _E___ B | MJ_'?LE_[Z'.,-.]
Rp = 2000 1000 % 0° i or Series inductor Ls. Pi_ _ E ; __1___ C P MA_G;_[%T] _
C o -
LS = 1000 1414 % 450 E i or Parallel resistor Rp. £2 A J | MAG [Z;, ]
- _ o . . — ]
s 0%05:5 14‘:_1ﬁ- 405 I or Parallel inductor Lp. H B ) MAG [Z5] |
Cp = WO 89 _630 “ -: or Parallel capacitor Cp. F C M:.ﬂ.,G (Zin]
Rp =2000 707 % -45
Lp =100 110 % 84u I _Dptlnnal output ) :
(input made was an error—see note) -_j Angle of Z;, - D_Jl ANG [Zin]
LP = -lm 707 K‘ _451: Return to step 5 to input next .
— o . _ o
Lp = 1000 10‘00 Zﬂ. U I element
i -* :l_E Return to step 2 for a new case .




22 EE 1-05A !1 EE 1-05A 23
T ATTENUATOR I Note: If the desired loss is less than the minimum loss, R, will
be negative.
—_—
o TATTENUATGF; . EE 1-05A ﬁ I Examples:
o O™ peo RO+ . Z, =759
_J _ l =
The T attenuator can be used to match between two impedances, Z, =350
Z, and Z,. This program computes the minimum loss of the attenu- - Loss=6dB
ator and values for the resistors Ry, R,, and R; which will yield an Compute

Min Loss = 5.72 dB (5.7195 x 10°)

attenuator having any desired loss.
g any R, =43.34 2 (4.334 x 10")

-ﬂ_

m m m mMm M ™ [ X

R, =35.14 Q (3.5136 x 10")

L —————————— A —

o—— AWV ANN—0 R, =1.57 £ (1.5715 x 10°%)
R "2 R, = 81.97 2 (8.1973 x 10")
Z,—* R3 - 1, -: 2. Z,=50%
Zj =350 €2
Loss =10 dB
o | b ":. Compute
The minimum loss in decibels is given by I Min Loss = 0 dB
R, =25.97 £ (2.5975 x 10")
| iq R, =2597 Q(2.5975 x 10*)

________ - 1

e — OUTPU
KEYS DATA/UNITS |

Zy z, Y
Min Loss = 10 log 7 + 7 1
2 2

' STEP IHSTFIUCTIUHSI ~ DATA/UNITS

m

- — e ——Tn

e
!__._... - '\! !" |

1 Enter program . |

e e e e

5 For new case change inputs

in step 3.

”

- *
- 1 —
I 2  Initialize ~ RTN J|_H{5_
where | —
E — “1 3 Inputs |_ _JL______] |
R [ — 1 1 |
Zl = ZQ_ I Source impedance YAPRY’ - E || A | |
—_— — |
- Termination impedance Z,, 51 A L |
[f N is the desired loss of the attenuator expressed as a ratio ——
P Desired Loss Loss,dB | B || | MinLoss dB
(loss in dB = 10 1log N), then — ——
(If Min Loss > Desired Loss |
E — i enter a new Desired Loss) - “:__ i
. 2VNZZ, : s oupw ——
3 - — — - I
N - 1 E - j R, E i C R, §i
| R, c |l Ry, ©
H3 D H]r ﬂ
N +1 .
Rl = Z1 (ﬁ - R:; - 5 Recall inputs (optional)
I rRCL || 1 Z,.Q
b= Z
- j
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Pl ATTENUATOR

Pl ATTENUATOR EE 1-06A b
28 wsw R mo ¢ B

The PI attenuator can be used to match between two impedances,
Z, and Z,. This program computes the minimum loss of the attenu-
ator and values for the resistors R;, R,, and R3 which will yield an
attenuator having any desired loss.

o- A o
R3

ZH—> R, R2 2,

o O

The minimum loss in decibels is given by

2
Z, M
Min Loss = lﬂlﬂg Z_ + "‘Z— -1
2 2

where Zl ...-}-"Zg

If N is the desired loss of the attenuator expressed as a ratio (loss in
dB = 10 log N), then

Z, Zz)%
N

_1=1(N+1) ]
R, Z,\N-1/ R,

1 _ 1 (N+1)___1_
R, Z, \N-1 R;

_
Ra-E(N—l)(

"E'EER

i

W oW

K

i
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EE 1-06A 25
Examples:
1. Z, =758
Z, =50¢2
loss= 6 dB
Compute
Min Loss = 5.72 dB (5.7195 x 10°)
R, = 2386.20 §2 (2.3862 x 10°)
R, =86.52 £ (8.6517 x 101)
Ry =45.75 Q2 (4.5747 x 101)
2. Z, =508
Z, =508
loss = 10 dB
Compute
Min Loss = 0 dB
R, =96.25 £ (9.6248 x 101)
R, =96.25 € (9.6248 x 10")
Ry =71.158 (7.1151 x 10")
STEP _:;_m;rnucrluus 5 A{.’;ﬂﬂzns | KEYS 5 E‘;‘;ﬁ}s
1 Enter program |
2 Initialize | RTN R/S
3 Inputs | i
F Source impedance Z,, 82 E ] A
F Termination impedance Z,,6 2 A ‘r
Desired loss  Loss,dB [ B ][ | MinLoss,dB
, A Lo Do Lo e
: enter a new Desired Loss) - '
4 Qutputs
R, E |[ ¢ | R.Q
R! C o H;,ﬂ
R, D R,, 0
5  Recall inputs (optional) ]
| RCL |[ 1 z,.Q
RCL 2 Z,, 9
| 6 Change inputs in step 3 for I “' |
r | NN | B
| newese L,
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WYE-DELTA OR DELTA-WYE TRANSFORMATION

Y RANSFORMATION EE 1-O7A1 WYE - DELTA OR DELTA - WYE EE 1-07A2
- Ful
Hu.a:& T!m.c Hn-:.:‘ &I 1.2.3 [ﬂ R X Liey Y-l

This program converts either of the networks shown into the other.

Values are input as impedances and are converted to admittances for
the T—m transformation.

z Y 4 Z;
o——J\Q.‘m Nyv——o o M o
1 2 C
Y 23 Zo, Ya Yo Zp
O O O O
L, Ll , _( Y, Y, )-1
b OZ 2y +Z, ©\Y, +Y, +Y,
LyZ, Y Y; =
Z, = Z, =
’ L,+Z, +Z. 4 (YI+Y2+Y3 )
;- “alv . _( Y,Y, -1
P Z I+ Z, b Y1+Y1+Y3)
Note:
1.

It is very important to observe the component designations.

2. Be sure to input zero (do not simply press [CLX]) for X (or R)
when Z is purely resistive (or reactive).

Examples:

1.

O—9——AAN o o—AAA AA—0
; 45.75 43.35 1.57
gzaa&.a 86.52 — B81.98

o—& o o -0

m

E

M

&

m M m m m

e

o3

EE 1-07A 27

2.
O
o—AMNN—— WWN—O o ‘MW
10+j5 | 5+j5 17.5+j12.5
. . o o .
| ! INPUT | ouTeut
STEP INSTRUCTIONS DATA/UNITS | KEYS | DATA /UNITS
1 Enter program 1 | L
3 Inputimpedances B | N | |
_ | o R ; | | 1
PRa L (LA .
| 2
Xa B | _
A>Y Re A, .
- o |
| T X | s Il 3
Re ; A 3
X | B |
_____ . N : 1'_
nr : e ——————— : ..... —————
R, o 1
' X, E | 2
Ra o JL__J| 2 |
| YA X, E nIE
T-n Hg D I ______ 3
X3 E 2 -
'|_. " - , e — A N SN
4  Enter program :2 Jo
5  Select conversion | _
A=Y or =T D - _
Y—=+A or T E | B
6 Output impedainces : Tr—l'T_T—:ﬂ'
| | Al R, or R,
B | X, or X,
Al R, or Ry,
B X; or xh
1 A . j H], or HI.‘..
1[ B IE_ _.| }(3 or K,_._
7 Fornew case return to step 1 !’ |
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This program computes resistances R; and R, which will match
resistive impedances Z, and Z, (Z, > Z,). The resulting attenuation

EE 1-08B

MINIMUM-LOSS PAD MATCHING

2,3 Z:>2 R1 R2 LOSS E
v,

~
MINIMUM - LOSS PAD MATCHING

EE 1-08B

is also computed.

O—AAA— -0
H'I

- z'l - HE - ZE -
O- O
Z,
Rl - Zl /1 -
L,
Z
R, = -

'ZI Z1
loss=20log | /—+ /=1_
ZZ ZZ

Example:
Z, =1200
Z, =500
Calculate R, =916.52 Q2

R, = 654.65 2
loss=8.73 dB

A A

W oW

i

W

@ W oWw oW oW

W

nmm MMM MMM MMM

-
.

'STEP | INSTRUCTIONS

1 Enter program
2 Inputs

Input impedance
Output impedance
3 Qutputs
| Series resistor
Shunt resistor
Attenuation

4 Recall inputs

5 For new case change inputs in

EE 1-08A 29

INPUT OUTPUT
DATA/UNITS KEYS  pata/uNiTs
—r
il -
Z,,ohms | A | : __ :
Z,,ohms |_ B |
——
| .
Cc IIH R;, ohms
D R,, ohms
E |/ Loss, dB
r — .r - ,
RCL 1 Z,, ohms
i T — - 1
RCL 2 . £,,0ohms
L |
| S — 1

step 2.
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Pl NETWORK IMPEDANCE MATCHING Examples:
2 | = 500 §2
IMPEDANGE MATCHING EE 1-09A E L 2, =50
R @ f% C1 . | Z, =50 §2
R2®@ a C:2 d S J 0=10
E f=4 MHz

A lossless network is often used to match between two resistive
impedances Z, and Z,, as shown E:‘ Compute

C, = 796 pF (7.9577 x 10°19)
C, = 2400 pF (2.4006 x 1077)
L=256uH(2.5639 x 107°)

W W oW oWdd oW

2. Z,=75%
Z, =50 Q
Q=4
f= 100 MHz

Compute
C, =849 pF (8.4883 x 107'")
C, =102.3 pF (1.0232 x 107'?)

(&
-
.
O
m

m

Given the values of Z, and Z, (Z, > Z,) the frequency f, and the
desired circuit Q, the values of C,, C,, and L can be found from the

following formulas: E -’1
: L =50.7 nH (5.0657 x 107°)
Xc1= Z"l' C, = 1 | STEP  INSTRUCTIONS INPUT | yggyg | OUTRUT
' | TA/UNITS
Q 2nt Xy E.' -: | __DATA/UNITS DATA/U
1 Enter program I -
X n = " C. = 1 2 | Initialize RTN || R/S | 0.0000 x 10°
C2 2 | I I — L
— (Q*+1)-1 I I — =
Zl Input impedance FAPRY E A
| - Output impedance Z,, 0 A :
QZ, Z, X, B == | | o | SN | |
XL = 5 ] + = —— | Frequency f, Hz E || B
+ X 2 + L | .
Q 1 Q C2 | Quality factor Q B
E— : | 4 Outputs
Note: Z,,Z,, and Q must be chosen so that -d . ® | ] | ]
| Input capacitor E C | C,, F
, | oot [ CEILE] or |
2@ +1)>1 e - Ouputompedior | Le L1 G&F |
L, -_ inductor D | L, H
I S - - o o 2 o
l I 5 Recall inputs (optional) B IL -
S -d input impedance [ RCL H_ 1 Z,, ﬂ_
l Output impedance RCL || 2 | Z,, 9 )
E_’ - Frequency | | "RCL || 3 f, Hz
Quality factor I_FICLﬁ; 4 | Q
j | 6  For new case, return to step 3. ::_': i___ |

-
H
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BAND PASS FILTER DESIGN

BAND PASS FILTER EE 1-10A1 BAMND PASS FiLTER DESIGN EE 1-10A2
K R AFQ C La b 4
:'zl:;!&;.) I::;ltufg'r l:: Lb ¢ = f Ase E‘

This program computes the ideal component values for the filters
shown below given the image impedance level and the desired band
pass. The program also computes the frequency response of the
ideal or a proposed filter.

o i!:_a m_.m_1 },0 O_H}_rYUL I o

*!-_'f_ 2C, ‘ C,

L, |
2 |
’ 3 2 2

L L ? l
o I -0 O——‘*- I o
f, - 1 _ 1
e Cp =
4?Tf1f1R TT(fg - fl)R
R R (f; - f;)
La = Lh =
n(fy, - f,) 47f f,

Xa  (w?C,L, - 1) (1 - w?CyLy)
4Xb 4(.02C3Lb

where

f = frequency in hertz

w = 2nf = radian frequency

f, =low cutoff frequency in hertz

f, = high cutoff frequency in hertz

f, =low plotting frequency

fy = high plotting frequency

Af = plotting increment

R = input and output impedance in ohms
C = capacitance in farads

L = inductance in henrys

) L) A\

m m m

m mmm

nTTThTLD
WwoW W

-
W

EE 1-10A 33

Iet A = attenuation in dB, then

for
Xa . Xa
0< . A= 40loge {sinh™’
4Xp 44Xy
for
Xa
-1 < <0, A=0
4 Xp
for
X X
2 <-1, A=40loge |cosh™! /— 2
4Xy, 4Xp
Note:

Frequency may be plotted logarithmically by changing program 2
as follows:

PRESS [€&§] (2
SWITCH TO W/PRGM

PRESS [9] [DEL] [x]

Record modified program on other track of card 2.

SWITCH TO RUN
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EE 1-10A

Examples:

1.

f; =300
fg = 3000
R =50

Compute

C,=4.775 uF (4.775 x 107°)
Cp =2.358 uF (2.358 x 107°)
L, =5.895 mH (5.895 x 107?)
Ly =11.94 mH (1.194 x 10™%)

Enter

fy, =100
fy = 3600
Af =500

f

100

600
1100
1600
2100
2600
3100
3600

Same problem except enter approximate values and plot
logarithmically with Af =+/10

C, =S uF
Ch =2.9 HF
L, =6 mH
Ly =12 mH
f
10.00
31.62
100.00
316.23
1 000.00
3162.28
10 000.00
31622.78
100 000.00

A, dB

32.35
0.00
0.00
0.00
0.00
0.00
493

11.82

A, dB

72.50
52.45
31.87
0.00
0.00
8.22
35.00
55.40
75.44

:

R I

™

1

m m M M i~

m m

mTmnmmnmm

(
e
w

w

=l

STEP

5
6

10

11

12
13

14

INSTRUCTIONS

~__DATA/UNITS |

Enter program 1
Initialize
Inputs

Low cutoff freq. fl., Hz

High cutoff freq. f,, Hz

Image impedance R, ﬂ-
Calculate

Outputs (any order)

For new case go to step 3

Set up for plot
Freq. lower fi, Hz |

Freq. upper fu_‘f Hz |

Freq. increment &f,_ Hz
Input real component values
(optional)
Approximate Cg Ca. F
Approximate Cy, Cyp. F
Approximate L, | La, H
Approximate Ly | L. H
Enter program 2
Outputs
Frequency
Attenuation
Repeat step 9 until flashing
zero indicates all output has
been displayed
Fletl;lrﬁ tnTst.e;:- '-I_-n:;r-p.rﬁt;:eed to
step 12
Input desired frequency f, Hz
Qutput
Attenuation

For new case return to step 1

EE 1-10A

35

T OUTPUT

DATA/UNITS |

] 0.00

Co. F

D Ls, H

Ly, H

] f, Hz

| | A, dB

A,k dB

L ———

S T

I I R S R
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ACTIVE FILTER - LOW PASS

Given
") VD - 1
ACTIVE FILTER - LOW PASS EE 1-11A G= - ,the desired low frequency gain
f.@® ad R, Ca 4 1= Vi
G® C® Ra Ra i)

f., the cutoff frequency in hertz

The transfer function of the active filter shown is a, the reciprocal quality factor or “alpha peaking factor

C, a value for Cs in farads

Vo — 1 1 the program computes values for R,, C,, Ry and R4 according to
v; (s) =- R; R3C,Cs 24 S ( 1 N 1 : 1 )+ ] the following formulas.
C: \R; R; R4/ R3R,C,Cs R, - o
4m f, C
._ Rl - E
G
Rg #cﬁ
R4
- R. =
o—AW——A\N—© 3 G+1
+ H1 Ha ‘ ?
“i —"—C ' Vv _ G + 1
2 A C, =
T Ry i,
o -y 0D

Note:

If « is not specified, « = /2 is used, giving component values for a
Butterworth filter.

1T T I E R EEEEEEE XKD

nmmmmmmmMmMmMMmMmMMmMmMmmmn e
W
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Examples:

w wemucrows ol S| oo

1. fc =100 Hz e — — . L

1 Enter program |
2  Initialize RTN || R/S
o =+/2 (default value) e e
3  Inputs (any order)
C=0.1uF | e
C Cutoff frequency | feeHz LE LA
ompute Overall gain G LA
RI = 1125.40 g 1 ;__-._.J,. _____ Sh— odll IR
2 x damping factor o E B
R, = 1023.09 I . | . _
Capacitor Cs C F B
C, =2.20 uF (2.200 000 x 107°) ) A i
— 4  Qutputs (any order] JL .
Ry = 11.254 k8 (11 253.95) | - : -

2. f.=10Hz | N G Y
G=10 E D C, F
o= 1 _ [} Ra, 0
C= lﬂ‘UF 5 | Recall inputs (optional) 1 | *_ | -
Cﬂmpute ‘ Cutoff frequency | HC_L__- - 1 I f'.:f.ii___ |
Ri = 79.58 2 | Overall gain | | RCL _2 J | G.

R3 =72.34 8 2 :.u.;l.amping factor . | T R.I'._f':_L 3 _.; - a
C, = 440 uF (4.400 000 x 107%) . Capacitor C. | C[mell 4] caF
R4 =795.77 § . rr:t=-\f§ if not entered .
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™
- _n_ ﬁ_

o

ACTIVE FILTER - HIGH PASS

\ Given
ACTIVE FILTER - HIGH PASS EE 1-12A % Vg . hi f .
fo® ae R2 £ G-= . the desired high frequency gain
G® C@ Rs Ca ¢ = Vi

f., the desired corner frequency

«, the desired ““alpha peaking factor” (a = 2¢, where ¢
is the damping factor)

The transfer function of the active high-pass filter shown is

-

m m m m

Vo (s) = Cy §% I C, = C; =C, farads
Vi Ca 24 S C, NEINE AN 1 ﬂ this program solves the following equations for the values of R,,
R5 C3C4 C.q_ C3 Rg Rs C3 Cq I R5 \ and C_q_ .
_ o
e D)
! b
=c, Ry i: 2G+1
R; =
- o 2mf. C
o——+—| o
“1 Ca [ * C
Vi Rz Vo Ca = G
o ~ @ o
Note:

If « is not specified, a = +/2 is used, giving component values for a
Butterworth filter.

mmmoomomom m m m

SR N * PO A

”
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EE 1-12A

Examples:

1.

f, =0.1 Hz
G=1

a=+/2 (default value)

C=10uF

Compute

R, = 75026.36
R =337618.62
Cs = 10 uF (1.000 000 x 1075)

f, =10 Hz
G=10
a=1
C=1uF

Compute

R, = 7578.81
R, =334 22538 Q
Cs = 0.1 uF (1.000 000 x 10°7)

mmmmMMmMMmMmAmTm m

i :
- l.

' STEP

P....
]

2
3

e

- A P =SS i

Ente.r program
Initialize
Inputs (any order)
Corner frequency
Overall gain
2 x damping factor
Capacitors C; and C;
Dutputs
| Resistor H,
Resistor R
Capacitor Cy4
Recall inputs (optional)
Corner frequency
Overall gain
2 x damping factor
Capacitors C, and C;
Return to step .2 f.u.r. new case

a =+/ 2 if not entered

EE 1-12A 43

INSTRUCTIONS

INPUT . OUTPUT
__DATA/UNITS | _DATA/UNITS
RTN || R/S
|
o _ _ ﬁ
fo, H2 E A
. _.__-.___.__!_ I — +
G A |
a” E B '
C, F B |
E C R,, {2
C | R., 2
D . C4,F
RCL 1 |L f., Hz
RCL 2 G
RCL 3 a |
| RCL 4 5 C, F
|
_--_i__ -
|
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™
e

BUTTERWORTH FILTER

Example:
BUTTERWORTH FILTER EE 1-13A - n==~6
n@® R® fc® i,Ci iLj E R =350 QH
f.=10MHz
Compute

This program computes component values for Butterworth low-pass
filters between equal terminations given filter order, ermination
resistance in ohms, and corner frequency in hertz.

C, = 164.8 pF (1.6477 x 10719)
L,=1.13 uH (1.1254 x 107°)
C, = 614.9 pF (6.1493 x 107'°)
L, = 1.54 uH (1.5373 x 107°)

mmMmm N

3 | Output element values

i Position of C value

I Capacitance

| R

;

Ci=—— sin AZDT g 35 Cs = 450.2 pF (4.5016 x 1071°)
mfe R 2n Lg = 412 uH (4.1192 x 107 1)
L= R sin (2i - l)ﬂ, i=2.4,6, ...
mf, 2n
EE1—113A .
o STEP INSTRUCTIONS DATA/UNITS KEYS | DATA/UMTS
E‘ . 1 ;Enter program
A NN P I:' R TN R e e
- . | Filter order n A
e, R I B .__Ji'__n;erminatinn resistance __H,E; ~ 1 ]
i - e i S —
| _ Corner frequency fe, Hz | C
- I | <
3 E i‘—'-l

Position of L value

Inductance

4 | Repeatstep 3 until flashing

_ e — — L

zero indicates all data has been

displayed.

*>log f

Return to step 2 for new case
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CHEBYSHEV FILTER
,.-’f_ CHEBYSHEV FILTER EE 1-14A1 CHEBYSHEY FILTER EE 1-14A2
[ @ R® L@ ed8  cmc 3 | Do g

This program computes component values for Chebyshev low-pass
filters between equal terminations given filter order, termination
resistance in ohms, corner frequency in hertz, and allowable ripple in

decibels.

. i’lffgjﬁv— . _c}_* _— ‘-.J-f:f;n...__ _.’.,, -

| }2%in —— $ C3
OO @ —

L _._,.n:':\_?_ ?

Cn _q— gll'_'.l
!

- &

i=2,4,6,....,(n-1)

1=2,3,4,...,n

Gj
Ci = .
2nf.R
R G;
Li= : ,
27t
where
2a,
Y
G = 4a;_, a; |
bi-1 Gi-j

*

\
W w

In (ccrth

€
40 lﬂge)

v = sinh

2n

W

-."-.

b, = ¥+ sin’ (
Example:
= B
i
=50 §2
- 1 R =50
f. =3.2 MHz
I e=0.1dB
Compute

STEP
1 Enter program 1
2 Inputs (any order)

Filter order

Passband ripple
3 Begin calculations
4  Enter program 2
5 Qutputs

Counter

mom M MM mmMmmmmm Mmoo m o

displayed

//
'

- [@i-n
d; = S111 } - n

T

S

Il

C, = 1175 pF (1.175 x 1077)
C, = 2086 pF (2.086 x 1077)
C. = 2086 pF (2.086 x 1077)
C,=1175pF (1.175 x 107?)

INSTRUCTIONS

Termination resistance

Corner frequency

Component value

ﬂ] ’ 1= 1'.: 2531'"111

—
_ DATA/UNITS

n A

RO | B

ez [ €

¢ [ D

—

B Repeat step 5 until flashing zero

indicates all data has been

Go to step 1 for new case

), i=1,2,3,..,(n=-1)

EE 1-14A 47

L, =3.538 uH (3.538 x 107°)
L, =3.913 uH (3.913 x 107°)
L. =3.538 uH (3.538 x 107°)

e
| DATA/UNITS |

— I

| ifodd) or i(even)

| C,ForlH
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CAPACITANCE OF PARALLEL PLATES

CAPACITANCE OF PARALLEL PLATES EE 1-15A ]
Er@® d@ L® W @ C E

The capacitance of parallel plates and thin strips is given approxi-
mately by

e, LW
C=0.0885419 3 [1 +P]
where
0; 100W>L
P=

d 27W

— {1 +1 :

';'TW( n 3 ), L>2100W

€, = relative permittivity of medium between plates
d = distance between plates in cm or inches
L = length of plates in cm or inches

W = width of plates in cm or inches

C = capacitance in picofarads

The formula given is accurate only when L >> d and W >> d,

however the error is only 4% for LA 2 (Terman, Radio Engineers

Handbook, 1943, Sec. 2, Par. 31).

A}
-

m mMm M m m

m
M

I EEEE

m
i

i

mmnmmmm
-

S =

B

Examples:

1. € = 1
d=.01 cm
L=10cm
W=1cm

C = 88.5 pF (8.854 x10")

3. &7

1

EE 1-15A

d= .01 cm
L=101cm

W=

1 cm

C =915 pF (9.155 x 10?)

49

2. € =1 4. € =1
d=.01cm d=.01 cm
L=99 ¢cm L = 60 inches (enter as —60)
W=1cm W = .5 inch (enter as -.5)
C = 877 pF (8.766 x 10?) C = 1747 pF (1.747 x 10°)
| STEP| INSTRUCTIONS oaNPUT o KEYS B iy 6
::r_ 1 Enter prn:fgran:_“ —-—--L IR SN | S
| 2 | iz | |[ewICes]] -2s
e e
-Flelative permlttwlt*,' € A. _ Jd| _
! Plate spa:inﬁ- - d, cmnr in.* B l d, cm
!_ L;angth | - L c;"_l_m ln.‘.’“T ;.':—_ 1' L, cm |
! | ﬂidth W; ;rnor nr_'-:+ | _D_ ; "H,.qm
o o B
| .Eapa::itance | E — | C.‘.:"pF
'r Capacitance with P = ﬂ | RC _E_, C_ pF
1 5 .ﬁecall inputs [nptiun;.l..}.m — ]
ﬁelatiue permittivity RCL 'I_ -.._Er
Plate spacing Fl:CL_’{_ 2 ny dr::m
Length RCL 3 ‘ L, cm
Width Trer & | w.em
6 | Change data in step 3 for | .I___
| new case '—"m_ ]E_—t_

e 1

Input inches negatively.
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SELF INDUCTANCE

OF A STRAIGHT ROUND WIRE Examples:
SELF INDUCTANCE A E 1. d=0.10 cm (#18 AWG)
OF STRAIGHT ROUND WIRE EE 1-16A =95
d® 1@ Hr@ Lo L @ - 1 ‘Em er)
v — Mr = cCopp
- * : E | Compute
This program computes the inductance of a straight round wire of L.=0.31uH
length /, diameter d, and relative permeability wu,. E ! Lﬂ= 0.30 uH
The low-frequency inductance is (from Terman, Radio Engineers’ 7 d=0.02535in. (#22 AWG)
Handbook, 1943, Sec. 2, Par. 8). E [=5in.
' My = l
47 u Compute
Lo = 0.002! (ln——l +__") E ,=0.15uH
a 4 L=0.14 uH
where E
L, = indur::tance %n uH | STEP INSTRUCTIONS | oalUT o | KevS | o uTRuT
[ = length in centimeters or inches '- ;
d = diameter in centimeters or inches E - 1 ______:F_E_'jf_’_’__""ﬂﬂ'_'ﬂ"“___. N | S
ur = relative permeability ' 2 |Moitaize | 2 ||IATMARBS 000
= . " 3 IHDUtE S —
The h.lgh-frequency inductance is E Wire diameter - d,cmorin.” A _ | d cm_m B
Wite length {,cmorin.” B | [, cm
L = 0.002&' (11’1 i;-ri — l) E_ I ﬁeI;tiue mrmeaﬁi;ity R ur*'- ' C”_ ) | -
" 4 Outputs |
Note: | Low frequency inductance I | D | Lo. uH
[f u, is not specified, u, = 1 is used. E“‘ =’ High frequency inductance | | £ _ .ﬁ el
5 Recall inputs (optional)
Wire diameter RCL 1 d, cm
Wire length - RCL 2 l, cm
| Relative permeability RCL 3 B
i 6  Return to step 3 for new case.
" Input inches negatively !1
:L "' If not specified, u, = 1 _ ;_ |

- — e
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\\

CLOSE-WOUND COIL
- ]. L=3.5uH
|HMTm_n;mL&Em EE 1-17A R =0.25inch
R® D® NG L® cac [ ) D = 0.034 inch (#20 enamel wire)

Calculate N = 24.24 turns
The inductance of a single-layer coil is given approximately by

Wheeler’s formula: 2. R=1linch
D = 0.086 inch
L= N* R? N = 30 turns
JR+10ND Calculate L =25.86 uH
where q
L = inductance in uH :, 5“5;_ '"ST“HCT“:’"S  DATA/UNITS | KEYS DATA/UNITS

mmmmmMmmm m m

i — .
1 Enter program B
N = number of turns : ——
to camtie ‘1;‘ wiia 2  Input knowns (any 3| |
R = imstde radius of coil in inches e - | | = |
. Coil radius R, inches A
D= turn spacing in inches e soacing D inches s
Number of turns N '{ C r
This program will compute any one of these values given the other S =
three. | . |
|3 Calculate unknown (any 1) ] |
Note: | Coil radius E A R,inches |
This formula is accurate to about 1% when % > 3 (Radiotron Turn spacing E B | D inches
Designer's Handbook, 1954, p. 432). Number of turns E C N
Inductance E D L, uH '
. 4 Recall inputs |
I . N : - ]
| Coil radius RCL || 1 R, inches
Turn spacing RCL | 2 D, inches
Number of turns RCL 3 N
E Inductance [ RCL 4 L, uH

5  For new case, return to step 3. [

m m

m

T _ 1| A S | VR N\
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Notes:

SKIN EFFECT AND COIL Q

SKIN EFFECT AND cmg Q EE 1-18A ]
d 1® R —
D% f@ Q R *

This program computes the skin depth, surface resistance (resistance
per square), and resistance per meter of a cylindrical conductor.

1. Skin depth 6 and surface resistance Ry may be computed at a
given frequency without inputting coil dimensions.

2. The machine will be left in RAD mode.

Examples:

1. f=100 MHz

d=0.1cm

Compute & = 0.00066 cm
R, = 2.61 x 1072 ohms
R = 0.83 ohms/meter

1 | 6.608

- S

cm

R = —~—1~—— ~261 x 1077 +/f ohm
oo

f=100MHz
d =0.05cm
100
R = Rs ohms/meter D=0.2 cm
md [=1cm

where Compute Q=1.08 x 10°

1= 41 x 10”7 henrys/meter STEP | INSTRUCTIONS 5 A}'EJ'LTE ' KEYS ] 5 ﬂimhs
1 i’ 1 Enerpogem [ o—)
po =1.724 x 10™° ohm-meter (copper) A — - +__. [T HIE___ _. ._
f = frequency, Hz 3 |Inputcolldeta =~ 0000 | L
Wire diameter d, cm - E A
d = diameter of conductor, cm ' Coil diameter ] .DTcrn 1 A [ -
. I | Coil length R {, c-m__m + “ E "E
This program also computes the Q of an unshielded solenoid using | B I : |
an approximation to Figure 3 on page 64 of Reference Data for  Frequency | tH: (L8
Radio EﬂngE’EFS, fifth edition: § 4 1 {_:Umpute desired outputs | L | o
| Skin depth E C J 5,_;:11
ford >58and 04 < —d— < 0.8 | Q of unshielded coil Le L ], Q
! Resistance per square E D E_,,_,__ﬂ_
Q = 2559 (118 + sin (.33 +1.2log —I—) DV | Resistance per meter - 2 rSm
D 5 Return to step 3 for new data [

T

where

D = mean diameter of coil, cm

d = conductor diameter or twice radial thickness (tubing)

mmomMmmmMmmMMmMMmMMmMMmMMM T T

T = turn spacing

[ = length of coil, cm
f = frequency, Hz
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TRANSFORMER DESIGN
TRANSFORMER DESIGN EE 1-19A
Np® @ Ac®@ Bm® Ep® B

This program evaluates transformer design equations found in
Reference Data for Radio Engineers, fifth edition, Chapter 12.

A rough estimate of the net core area required for a temperature

rise of about 50°C is given by

\f wnutlff
0.72

(Ac)est. =

where

(A.)est = €stimated core area in square inches

W, = transformer output in watts

f = frequency in hertz

The number of primary turns required is

- 3.49x 10° E,

Np = turns
fA. By

where
N}, = number of primary turns
B, = flux density in gauss
E, = input voltage in volts

This program solves for (A.)est given Wy, ¢ and f and it solves for
the missing parameter in the turns equation given any four.

Example:

f=60Hz

Compute
(Ac)est = .80 in'z

m
17

m
17

m
(I

™ ™M ™M ™" ™M) ™M ™M M m
WwoWw W oW W

w
w

1

EE1-19A 57
Enter
E, = 120 volts
A.=1in.’
B, = 13,000 gauss
Compute
N, = 537 turns (536.92)
{amp ---- INSTRUCTIONS oataonTs | KEYS OATATUNITS
S soeer =
I 2 | If minimum core requirement E______,# __,
il is known, skip to step 6 | il_ S | . _:J
3  Input frequency f, Hz _E:J E___ _f | t, Hz |
4 Initialize R/s || 3490000
5 Input transformer output and F_ :j 1 [“ __1
compute min core Wour. W [ H}S__ Jll___ﬂ (Aclest
6 Inputs knowns (any 4) L__ B k
Number of primary turns Np ;:.,__ _ r"_ 1,
Frequency f, Hz | L__ E'r _
Core area Ac, fin.)? 1_6 | |
Flux density Bm. Gs ' D | ] l
Primary voltage Ep. V E
7  Re-initialize _FUS 3 490 000
8 Compute unknown . ‘
Number of primary turns A ) Np
Frequency B f. Hz
Core area .'; L . Ac, (in.)?
Flux density b || Bm Gs
Primary voltage lE | I Ep, V
g Recall inputs {optional) | . _-
Number of primary turns FH_CL 1 i Np
Frequency HCL r 2 f, Hz
Core area —_HCL 3 B A, (in)?
Flux density F;NCL 4 Bm. Gs
Primary voltage _FI"GL- 5 Ep. V
Power output HCL 6 Wour, W

10 For new case return to step 2
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REED RELAY DESIGN The program computes
Wire size (single insulation)
\ Number of turns
RIEED RELAY DESIGN EE 1-20A1 Coil resistance, £2
" f%s@ "15'::5(5”5@ Lg CALC . E Coil power, mW
g Pull-in voltage (MAX @ 25°C), volts

Drop-out voltage (MIN @ 25°C), volts

REED RELAY DESIGN EE 1-20A2 h
CALC WIRE SIZE COILR  PULL-IN

I using the equations below which assume a 50% overdrive.
#TURNS POWER DROP-OUT [
L(OD -ID
Winding Area A= ( > )
This program designs a reed relay given the following data: ) i

Winding Volume Vw =.7854 ( (OD)"—(ID)")L
Sensitivity _ ~
S maximum ampere-turns needed for pull-in o Qi WS = INT |4 In ( 2.6 x10° V ) + .5
N oy I - - = )

masx p p Wire Size 2.3562(0D + ID)S

Smin = minimum ampere-turns needed for drop-out

V =operating voltage Number of turns T=8.57 A e229Ws
o

0992 e 231w

Geometry of coil istanc ' R = ohms/inch
| | Resistance of wire 12000 /
I = coil length, ¢cm or in.
ID = inside diameter, cm or in. Coil resistance R, = ODb+ 1D 7 RT
OD = outside diameter, cm or in. 2
VE
Coil power P=— 1000
R,
: L. 1S max
Pull-in voltage Vi =- T R,

Drop-out voltage Vg, = -3 Smin R

m oM oM ™M o mom o m o mMm mMmom m m M M W
N N N E RN ENR
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Example:

Length = .8 in.

OD = 3 in.

ID=.21n.

Smax = 50 ampere-turns
Smin = 30 ampere-turns
Voltage = 10 volts

Compute

Wire size = 43

Number of turns = 6479

Coil resistance = 874 2

Coil power = 114 mW

Pull-in voltage = 7.42 volts
Drop-out voltage = 1.21 volts

Input WS =40

Compute

Wire size = 40

Number of turns = 3260

Coil resistance = 220 £2

Coil power =455 mW

Pull-in voltage = 3.71 volts
Drop-out voltage = 0.61 volts

EE 1-20A 61
STEP INSTRUCTIONS | oATARTS | KEYS o ATA/UNITS
1 1 En.ter“f}rcrgram 1 - i | S |
2 Initialize RTN || R/S
| 3 Input parameters
Length L,cmorin,* ) ;
- Qutside diameter OD, cm or in.* B
Insil;'le d.ia.meter‘ ID ﬁm or in. ' C ]
! Maximum sensitivity Smn,amp--l.:l;r_; ! E A - .
| Minimum sensitivity Smin, @aMp-turn E B IT
Voltage T V, vults- T -__E_ _E_ T
| 4 Begin calculations ] D | | I:H}EI -
| 5 Enter program 2 | - |
E. Cﬁﬁt-inue calcﬁiétiﬁns N A 0.00 a
7 -ﬂutput data ]
 Wiresize | c 7| wire size
| Number of tu.rns I R;’S_ Nn uf turns
| Coil resistance D | Coil R, ﬂ-
Coil power o .HIS o Power, mW N
Pull-in voltage I 1 Vg volts
Drop-out voltage R/S V4o, volts
| 8 Input new wire size ws STID - 1-.
| 9 -Heturn to step 7. | " |
i 10  Return to step 1 for new case |
Ii ) InEutdint_;hes neg:a_tivell,'
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ke

IMPEDANCE OF TRANSMISSION LINE , 3. The characteristic impedance of a single conductor near
. ' ground 1s
( IMPEDANCE OF TRANSMISSION LINE EE 1-21A E q 7 K | 4D
Er@® d® Z= Z. N E 0~ O ——
D@ 40! =) E | \/; d
q where
This program computes high frequency characteristic impedance ' .
for three types of transmission lines. E q D = spacing of center of conductor from ground
| d = conductor diameter
1. The characteristic impedance of a coaxial line is €., K as above
E q Exﬂmplﬁs:
Zo = K log % 1. D= .68in. RG-218/U coaxial cable
Ve d = .1951n.
3 :. e. = 2.3 (polyethylene)
where Compute Z ® =49.38 {2
D = inner diameter of outer conductor E 1 q 2. D=6.in. _
d = outer diameter of inner conductor | d =.0808in. (#12 AWG wire)
€ = relative permittivity of dielectric medium e =1 (air)
E' |:. Compute Z * * = 599.66 Q
N/ i 3. D = 6in.
K= ° >~ 138.06 d = .1285in. (#8 AWG wire)
Ver o e
21 €p lﬂg e i8] € = 1
where Compute Z = =313.58 §2
— STEP ~ INSTRUCTIONS INPUT _ | yeys - OuTRUT
i, = permeability of free space E u : _DATA/UNITS | DATA/UNITS
€, = permittivity of free space | | ! [Enterprogram 00 | | S
L | |2 Initialize | RTN || R/S 138.06
2. The characteristic impedance of a two-wire line i —T— - | e —_—
P ¢ a two-wire line is E | l: | 3 InE{t data (any order) | 'r I
2K 3 Relative permittivity Er | E A |
D D : | o — — -
L. = lo — + (H__) -1 Diameter or spacing D), A
=¥ / ; = ij - St T } e,
- S - -
4 Compute outputs
where | S | e — |
E‘“' 'j Zy - £ C Z,. ohms
dD - cen:r—tn-czlllter conductor spacing I Zo® | Tc ] z.ohms |
= conductor diameter ! S — _ : —
| : : Zy - * D Zo, ohms
€, K as above E— L i :f - . | | | .
5 Recall inputs
§ I |_ Relative permittivity o ‘ RCL 1 [ Er : h
E—' | ] ’ i— Diameter or spacing | ! E{E:E_______E___ | D likf.'
I Diameter | HCL_J 3_ d units
E 6  For new case, return to step 3. | | _ﬂj -]
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TRANSMISSION LINE
IMPEDANCE TRANSFORMATION

.
IMPEDANCE THANSFORMATION EE 1-22A
f I% CALC 8 ANG[Zi]® cALC Zin
v INPUT 8 ® maG[z4]D 4

Zo

The electrical length of a lossless transmission line of characteristic
impedance Z, ohms and length / centimeters

-8
g= 120083 x10°°

Vv

where

0 = electrical length in degrees
[ = physical length in centimeters
f = frequency in Hz
|

€r

v = velocity factor of line [v=

If such a line is terminated in Z,, the input impedance of the line
becomes

1+j) — tan 0
JZ{.

This program computes  from /, f, and v and computes Z;, from
0 and Z, .

Note:

If it is desired to transform through 90°, use 8 = 89.99999 to avoid
overflow during execution of LBL E.

.-

e

i

A

m m m M m

m

oW w bW ow o W e W & W

m

mmm

-

|4

m

™

4

Examples:

1. f=146 MHz
L,=501%
[ =20 centimeters
v=.69 (Teflon)
MAG [Z;] =75 Q2
ANG [Z,] =30°

Compute 8 = 50.82°

MAG [Z;,] = 74.12

EE 1-22A 65

ANG [Z,] = -30.44°

2. Same data as above except let § = 89.99999°

MAG [Z,] =33.33 Q

ANG [Z;,] = -30.00°

E_S}EP _ - INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
E 1 Ente.r program
|2 Initialize RTN || R/S |
:_3_ +|npm5 B _ f—
S __FrEqu;m;? o fHI - A lr
E Character E.stin: Impedance Z,, 0 _f-\ o
B Length I f cm E | B .
”V.Elm:itw.r factor | v - .El
: | MAG-[E -t“-a-r.r;uinatmn] M;ﬁ.G[Ztl,El | D
. ANGI(Z termination] ANG(Z,),deq. [ E |[ D
4 Compute electrica I *
length"‘:{: l..i.r.‘lé 1| — = E — C . ) v -
5 Input d;?-s_;r;!d value for : - +|r | | [
] f (see note 1) | | d, deq. | C |
;[ 6 Compute 'Iri.EInsf-.:)rmEl:l j L | ]
impedé-ﬁ;e N E || E .MAGIZ.-n] Y, |
q [ Xty ANG[Z,HI,;EQ-._!

7 Recall inputs (optional)

Frequency

e i — =

Length
Velocity factor

MAG[Z termination]

S S S -

ANGI[Z termination]

Electrical length of line

e e e e e e m e e e =y L

Characteristic Impedance

RCL a1 v

|RCL || 7 MAG(Z,]. 9 |
RCL 6 ANG[Z,], deq. |

(RCL || 5 || 0.0eg

|

_ |
RCL | 3 ! [, cm

t

WSS

LRCL || 1 | fHz

Ly, S2
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g

This program computes the characteristic impedance and propagation
delay of microstrip line using the formulas from p. 39 of Blood,
William R., MECL System Design Handbook, Motorola, Inc., 1971.

| v

MICROSTRIP TRANSMISSION LINE

MICROSTRIP TRANSMISSION LINE EE 1-23A
h f ~
T(%) Er% Zo tpdpe/t ! =

Dielectric

Ground IO I ISP IIIIIIIIIIIS

The characteristic impedance of the line shown is

87 ln(ﬂ.ggh )
‘\/Er+1.41 0.8w +

and the propagation delay is

Lo =

IS
tpg = 1.017 Vv 0475€. +0.67 ft.

Note:
are alike.

The units of w, h, and t may be anything as long as they

- 1
|

=~
-

1.

STEP

1
2
3

5

6

Examples:

w = 50 mils
t = 1.5 mils
h = 30 mils
€. =4.1

Compute

Z,=51.52 %2
IS 118
=1.73 — =5.68 —
tpa = 115

m

w = 90 mils
t=1.5 mils
h = 60 mils
€ =4.7

Compute
Z,=55.80 §2

ns ns
tpa = 1.73 — = 5.68 —

ft. m

INSTRUCTIONS |

Emer. prﬁér;arr;... [
Initialize
Inputs

Line width

Line thick ness

Dielectric thickness

Relative permittivity
Qutputs

Characteristic impedance

Propagation delay
Propagation delay
Recall inputs (optional)

Line width

Line thickness
Dielectric thickness
Relative permittivity

Return to step 2 for new case.

—— - 1 B

EE 1-23A 67
INPUT | weve T OUTPUT
DATA/UNITS KEYS | DATA/UNITS ]
T !I-.. e T _..l: i e — |
Ll |
"RTN || R/S | |
S — ...._.l
LI
w _E LA |
like e —
t o | 1|
units e —— j
h B B
€ B
) L.. e — ..:.i—- -:
Tc 1 z.9
" E [ D | tpa.ns/m
o )L e
‘RCL || 1 W
e —— like
RCL || 2 t |
e ——— units
RCL | 3 h
RCL || 4 €
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68 EE 1-24A
Examples:
S%Y PARAMETER CONVERSION L g [.43 % 133 115% 17 :l
1.2% -15 67% =114
( S 4 Y PARAMETER CONVERSION EE 1-24A1 ) Compute
r 6  CALC S v [2,35 % -342  391% -147}
’ 4.08%-179  1.97%63.8
( S 4> Y PARAMETER CONVERSION EE 1-24A2 A 2. 1 2.35%-34.2 391 2‘#—147}
CALC 5 Y- [4.03 % -179 1.97 % 63.8
_
Compute
This program converts s—parameters to y-—parameters using the 480 % 133 115% 17.2
relationship 57 [1.21 %_148 669 % -1 14]
A= ! TSTEF= © INSTRUCTIONS | DATA/UNITS Kevs DATA/UNITS
(1+ S11) (1 +532) =512 S21 1 Enter program 1 | .
2 Input s—parameters -
_ (1 =5s11)(1 +822) 5812 829 -28y2 E | | MAG (s, ] l‘ —~
Yir Y2 — .._ o
[ = A anolsnl LB L _
Y21 Y22 Mﬂ-é.l;l A
2851 (1 +s;1)(1 =822)+ 512 521 . | ——L
ANG(s, ] B
Note: _. MAG [éf_'__]_ \C A |
ANG(sz, ] e L
y—parameters may be converted to s—parameters by interchanging | MAG(s4, ] A
the y’s and s’s in the above relationship. Ar;-l.l;.i[sn]__* - - -
3 Qutput y—parameters | _— | _
| _ Lk MAGLy,.!
LRs L ANGly,, ]
RIS B MAG(yzi)
H_;‘S | ANGly3, ]
| 4  Set up for program 2 | : J
R R T — — | —]
6 Output remaini;'lg | |
' V-parameters c I | M#}-Grm]
I | ‘RIS | ANGly;,)
| ris [ MAG [y2]
| Lrs ] anGlys!




70 EE 1-25A
POWER SUPPLY RECTIFIER CIRCUITS

POWER SUPPLY RECTIFIER CIRCUITS EE 1-25A
Vi@ f® |2
oB Re TYPE® A ¢

(h9)

The following three circuits are commonly used to convert AC
to DC.

1. half-wave rectifier, capacitive input filter

l
AC DC

INPUT V. —— R OUTPUT
O—— " . O

2.  full-wave rectifier, capacitive input filter
TDI & ¢ o
O—- v, =—=C R oUTPUT
AC
INPUT — S .‘ S o
o_.

ot

3. full-wave rectifier, inductive input filter
DI MM o o
| T | DC
O- | v, ey C R OUTPUT
AC 3 i
INPUT S & O
O,_ _ |

EEEEREEBEEEEEEEEENN

EE 1-26A 71

Given the following parameters:

V; = RMS voltage at rectifier input in volts
f = frequency of a-c source in hertz

C = capacitance in farads

R = parallel combination of load resistance and bleeder resis-
tance (if any) in ohms

I = inductance (type 3 only) in henrys

The average d-c output voltage, E, and the peak-to-peak ripple are
given by these approximate formulas which are valid for AE << E

and (type 3) L = R/6mt.

1 2 3
AE V2 Vi V2 V; V2V,
fRC 2 fRC 67 2 LC

AE 2/2 V;
E ﬁvi-% V2 Vi-— V2 Vs
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Examples: STEP INSTRUCTIONS ' DATA/UNITS KEYS o oaomiTs

I. Typel 1 |Enterprogram [ I | S | |
V; = 100 volts R B— - —

C = 100 uF 3 |lputslanyorded | = —d

f =60 Hz RMS input voltage Vivos |LELAS

R = 1000 £2 ] Cal:-l;f.;itﬂl’;iﬂE : | C. F A | B

Compute AE = 23.57 volts peak-to-peak Frequency ) tHz | E ]| B - )
E = 129.64 volts Resistance . RaQ : :

2. Type?2 R R . L N - -

Same values as above | full wave, S=fullwaveL-C) 0 |L_T— J
4 (Type 3 only)
Compute AE = 11.79 volts e — — T —_ o I
E = 135.53 volts  omektww o [eel]l7 ] e |
Ry T R L B | —

3. Typed 5 Outpus I { |t
Same values as above, plus L =2H | peaktopeak rippie I MEvols
Check LMIN = .884 <2 .1-_ _ N L D“C:.ﬂutput vu'll_tage _:_ | 1 . E JL D =) _E volts |
Compute AE = 1.06 volts B 6 Recalliputs el d

E =90.03 voits AMS input voltage LreL L 1) vivors
E:E ‘ | 1 Capacitance | RcL || 2 J CF
; | ] FI'EEI-L;\;H'C'&’ | o T RCL 3_ " _f H;_ |
) | | Hes-is.i.:;r;ce - | - RCL 4 | H (2 B
E" ’ 1 Twe._ —— I — K"
h Inductance | RCL 7 ! Lnrll__ﬂm "
EE _’ 7 | Return to step 3 for new r:ase._. | !

£ @
.

.
E i =
= i—]
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CONTROLLED RECTIFIER CIRCUITS

CONTROLLED RECTIFIER CIRCUITS EE 1-26A ]
Ep® aA@ Vave® CALC =

v

This program computes Vv g, Vrums, and V,.p as functions of E,
and a for the circuits shown. It also computes E, (or ) given a and

Vave (or E; and Vv ). The equations assume negligible voltage

drops in the SCR’s (or thyratrons) and in the other rectifiers. They
also assume zero internal resistance in the chokes and zero equivalent
series impedance in the power sources and transformers.

N m

e

M P D DX
T EEEEEE

T

eE— o . ———

b
W W

m

w

=

-

LN nm
o W o

—-—
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Vave:YRms

L"p—p

Vave

L
___”J__._’_MY'\ ® .
N T Vams: C | T
| Epsin wt A Voo == Vave
VAVE R l
TL & PNCRER
L | Epsin wt
LAL"L

-t

For these circuits the output is

EP
VAVE = T (l + COS ﬂ‘.f)

Ep;aﬂﬂ?ﬂn
VP-F N

Epsina,a> 90°

2(m-—a)+sin2 a
VRMS=EP 41
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Examples:

1. E,=170
a = 30°

Compute
VA"JE = 100.98
V., = 170.00

i«

Eplil"l wt RL

</

lams

2. E, =170
Vave =50

Compute
a=94.36

Input a=94.36
Then compute
VRMS = 80.79

v

Epsin wt V., =169.51
P-P
' INPUT | . OUuTPUT
STEP INSTRUCTIONS DATA/UNITS | KEYS ' DATA/UNITS
r .
1 | Enterprogam
2 | Initialize | g || DEG |
b 4 R . _ _— | A . : 1
3 | Inputs (any two) | 'i'
Peak input voltage | Ep V A l
Firing (delay) angle a, deg. 1l B
—————— e N S —— ' S —
I Average output voltage Vave.V || C
| 4 Qutput remaining one
- R, & Vaus SR A | |
Epsin w ‘j Peak input voltage E A Ep, V
IHH$ l Firing (delay) angle E B ' «, deg.
Average output voltage E C Vave, V
5  Optional outputs”
RMS rectifier output E R/S VRms. V
H I th -f- e e — - 3 : 3
B r | en p-p rectifier nut.;:.tutm ] | R/S | Vpp. V
} ’ Ep and a must be inputs. If one 1
: Is unknown, it may be com- }
Er : ) : — — . | -!I
: puted in step 4 and then -lj ] ’
| re-entered in step 3. ' E_

—rrr—r-m T TR ——

For these circuits the output 1s

2 (m-a)t+sin2«
VRMS:EP/ 4m
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v\

INTEGRATED CIRCUIT CURRENT SOURCE | Examples:
\ E 1. T=50°C
N GRRENT SOURCE | EE 1-27A - 10 uA
@ 10 MmO O Ry @ : R, = 10 k22
’ E V=10V
Compute

R, = 12.7 kQ (12657.05)

<
al—-i!

2. T=100°C
Ry | [=10 uA
I E R, = 10 kQ2
V=10V
Ve
Compute

;--.I
- .,

R, = 14.6 kS (14616.35)

R2 S .
E; ' STEP INSTIRUCTIONS | DATAUNITS . Kevs oy
7 e —— e e e i +
i 1 Enter program ] -]
= | Initialize RTN |[ Ris
| Inputs
* Junction temperature T.°C LA “_}; |
. . " . " A r ! . ; N | |
For this common IC bias circuit, the resistance R, can be found E | Desired current LA B | |
from Desired value for R R,. {2 - C , .’-
" Supply voltage Ve, V _H“I_:_}Imw';,L ______ :, |
- | | | e |
R. = kTa In VC - VB] E, 4 Qutput - j| | |
2 — | R il I— ...... = { |
ql R, I Required value for R, | E | R,, (2
¥ | e A
E-_ __ 5  Recall inputs {optional] L____,__.. ,____,____}
Whﬁre ’ . ' VYR ’i | o
: Junction temperature (RCL || 1 | T, C
k=1.38x10"%° B Boltzman’s constant El Desired current el 2] LA
* 2o 3 : . Desired val rReL |l 3
T, = absolute temperature of junction in kelvins esired value for R, LRCL JI 3 | R.Q
Supply valtage RCL [ 4 | vev

q=1.6 x 107'? C, the electronic charge

6 Return to step 2 for new case.

i '_.] F‘]

Vg = 0.6 volts, the contact potential for silicon

This program evaluates the above equation given

T, the junction temperature in °C
I, the desired current in amperes
R,, the desired value for R, in ohms

Ve, the supply voltage in volts

E R E EEEEEEREEREEEER
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TRANSISTOR BIAS

TRANSISTOR BIAS EE 1-28A )
@ =
ne  we A ¥ t B8

/

This program computes the dc collector current and two sensitivity
factors for the circuit shown.

Ve
1 I
H'l
—IE—-- o
"""Eua‘k o
R, R,

It is assumed that Iy << current through R, and R,

Given Ry, R;, R;3, B4., and V¢, we have

Rp R
VC ""VBE -—B VC - 6
_ R, R
lc =p _ 1

R +(8+1)R; P Rg +(B+1)R;

S = d I - ¥
v d Vgg Rg+(B+1)R,
R
Re
d I I R;
Sh——-—-—-=——
9B . E_Ei+ﬁ+1

EE 1-28A
where
g = hgg = dc current gain
R; R, . i
Rg = = parallel combination of R; and R,
R, +R,

Vg = 0.6V = Base-emitter voltage drop for silicon
transistor

Sy = Sensitivity of collector current to base-emitter
voltage in siemens

Sn = Sensitivity of collector current to current gain
in amperes

81
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Examples:

1.

R; = 1000 £2
R, = 5000 2
R3 = 1000 £2
Ve = 10 volts
g=100

Compute

Ic =7.6 mA (7.59 x 1073)
Sy =0.98 mS (9.82 x 107%)
Sp = 1.4 uA (1.37 x 107°)

R, =200 £2
R, = 1000 £
R, = 1000 £
VC = 10 volts
=100

Compute

I[c =7.6 mA (7.64 x 107°)
Sy =0.99 mS (9.88 x 107%)
Sy, =0.88 uA (8.82x 1077)

EE 1-28A 83

STEP INSTRUCTIONS AT AR RRTS KEYS r DATA/UNITS
1 Enter program - e | ]
2 |mitatize (LTI
3 inputs B —
Resistor R4 R2 g A |
ﬁésis’mr.ﬁ_; R3, &1 _E _ B ]
_ Supply voltage Ve, V B it | L
i dc current gain P ELC
4  Outputs I R - -
dccollector current | L C I
Sensitivity to base voltage P E L 5""'__5_
B ;nsitiviw to dc gain | | D S’." A
5 !LHecall inputs {optional) . = .
Resistor R, JLRCL L1 Ru 8l
Resistor Ry I HCL | 2 . L Ry, §2 _
I- | Resistor R, 1 RCL 3_ | Rj, §2
l | Supply voltage RCL 4 Ve, V
L e dc curient gain RCL 5 : g
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JFET BIAS AND TRANSCONDUCTANCE

JFET BIAS & TRANSCONDUCTANCE EE 1-29A b
vl’@ ID g vGS HE Py E
lpss @ Ay 9m Rd

Given the FET parameters Vp and Ipgg, and the desired drain
current and voltage gain for the circuit shown, this program

computes Vgg, gm, and values for Ry and R,.

Rg
Vv +
Vio " 0% "= VoD
"
=
g - -
-

The gate-source voltage necessary for a desired draim current is

%

I
VGS = VP 1 - D
Ipss

where

Ip = drain current in amperes (Ip >0 for n-channel FET)

Ipss = saturation drain current with gate shorted to source
in amperes

Vs = gate to source voltage in volts (Vgg < 0 for n-channel
FET)

Vp = pinch-off voltage in volts

- E
-

4

m m

——————

m

mmmm
BEREREEEREEER"

EE 1-290A

Knowing Vgg, we can compute the transconductance and the

source and drain resistors.

_ 2 Ipss ) Vgs
Em Vo Ve

V
R, = - GS
Ip
|Ay |
Rd =—V
18m |

where

g . = transconductance in siemens

|Av | = magnitude of voltage gain
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Examples:

1.

Vp=-=2V

Ines = 1.5 mA
Ip =.7mA
Ay = 10

Compute

VGS = -0.63V (—6337 X 10'1)
g =1.025 mS (1.025 x 107?)
R, = 905

R4 =9759 Q2

Vp = 1.5V

IDSS =—1.7mA

ID = - 9mA

Ay = 15

Compute

Vgs = 0.409V (4.086 x 1071)
g, = 1.65mS (1.649 x 107?)
R, =454 Q

R4 = 9095 2

m m m ©

13

m _m

M § m

m ff

m

EEEEEEEEEREEEEEEER

J7
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STEP  INSTRUCTIONS ' DATA/UNITS KEYS | OATAJUNITS
1 [ Enter program L _ |
-_2 lnitialize. - RTN R/S
3 Inpufs -[any order) - - -
”F‘inch-uﬂ l;'.r.;ltage Ve, V E A
Sat. drain-r.:urrent {(Vgs =0} lpss, A A
Desired dr;i_n_ currer-w; lo. A E B :
Desir.e-:.i voltage gain | Ay B _ )
4 Gufputs (any order)
| Gate-source voltage E C Vgs., V
Transconductance C _ 1 Om. S
Source resiﬂt;r-_m E D R, £
Drain resist-:}; - - _-D. Ry, {2
| 5 Recall in;él_l:l-t.s_{nptiunali - |
le:hc:-ff ;rnltage F!CL“ 1 | \;'_p.;;!’
Sat. drain curn;.r:t__[:ufgs =0) | | HCL I 2 | I_D_SE_A
m;i_ré-d drain curréﬁt : H{_:L iln ".3 lp, A
Desired vnltaéﬁ-_;in____ - HCL -4 | Ay




88 EE 1-30A

PHASE-LOCKED LOOP

| . PHASE - LOCKED LOOP EE 1-30A )
G R @ wn wWn
mo co ®@¢ @§ B )

This program computes the natural frequency, damping factor, and

noise bandwidth for the phase locked loop shown. The transfer
function is

where

G = overall loop gain, s~
0, = output phase
0; = input phase

ST;"‘].

; passive filter transfer function
s(7; +7,) + 1

F(s) =
STo + 1 .
; active filter transfer function
ST
7, =R, C
7, =R, C

R,, R, = resistances in ohms
C = capacitance in farads

EE 1-30A 89

PASSIVE FILTER ACTIVE FILTER

G—Wv——p —0
1 :

:--r-ﬂll-l'c

o— & —0O O [ O

The natural frequency and damping factor for the two loops are

G _ T2 :
— ,active —— Wy, ;active
T1 2

ml‘l = §'=
/ G | 1 1 |
,» PAss1ve — Wn|7T2 T — ), passive
T1 + T2 2 G

The (one-sided) loop noise bandwidth is

B =" (¢4 L\H
= — ) Hz
Y2 ( 43“)

Note:

Natural frequency and damping factor must be computed before
computing loop noise bandwidth.
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EE 1-30A 91
STEP  INSTRUCTIONS DATA/UNITS hhe DATA/UNITS
1 Enter program —
2 Ini;ialize | RTN R/S 0.00
3 Inputs J
- Loop gain G,s ! E A
] Resistor R, R,. 2 A l
Resistor R, _ R,;. 1 E B
Loop capacit;:lr C, F _ B
4 _ Qutputs | N )
i Natural freq. (passive) E C _ W, s !
Damping factor [pa-s;.;‘.;\-l;ei ] C _|_ [ ¢ :
| then Loop noise handwi_d;. _ E E E|: I':iz
Natural freq. (active) - +J_ .E” D wn_ﬁ_'l _
Damping factor 1;1;;;&] . D ¢
then Loop noise I:rand.u;idth N | | E : E B, Hz
“.-5 | Recall inpui:s - T B
| Loopgain | [ReL |[ 1 Gs'
FIESiStl::'rl-'m H. N FICL. = 2_ R I_Q
--------- Resistor !"1: T *_ELLZL i1 -3 _ R,, §1
Loop t:ape.n-:_i_t;; _ | HEL__ 4 C I: |
_ E : Return to step :é_ig;::;-;wew case. o I -

Examples:
1. G=324x10°s"!
R, =9.2 MQ2
R, = 75002
C =100 uF
Compute
Passive Active
Wn 18.77s° ! 18.77 s:_
¢ .70 70
By 094 Hz 9.94 Hz
2. G=157x10"s7!
Rl =1 M2
Rg =7.10
C=1250 uF
Compute
Passive Active
Wy, 112.07 s ! 112.07s7!
¢ *5_0 S50
By 56.04 Hz 56.04 Hz
3. G=15x10%s""
R, = 1000
R, =75
C = 10uF
Compute
Passive Active
Wy 1181.25 s ! 1225.74 s~ 1
¢ 48 46
By 591.01 Hz 615.58 Hz
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FOURIER SERIES

FOURIER SERIES EE 1-31A 3
L w s
A

Any periodic function, f(t), may be expressed as a sum of sines and
cosines by the Fourier series

a - 12t . 12wt
f(g:% + Z (ai COS 1; + b; sin )

. T
=1
where
T :
a; = 2 f f(t) cos ont dt, 1=0,1,2, ...
T T
0
T :
by = — f f(t)sin 2™5 dt,  i=1,2, ..
T T
0
and

T = period of f(t)

This program computes the Fourier coefficients from discrete
versions of the above formulas given a large enough number of
samples of a periodic function. Six consecutive sine or cosine
coefficients are computed at one time from N equally spaced points.

™
i e
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_H-‘

=

'ﬁ

ﬂ
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E
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E
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E 3
E

E

|

™
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The discrete formulas for the Fourier coefficients are

N .
2 2nk) .
i = cos =1J+1,..,J+5
4 1 E Yk T ]
k=1
and
N -
bj='—g— Yk SIn 2n4) =T+ 1,...,1+5
T k=1
where

J = order of first coefficient to be computed

vk = f(tk)
kT

ty = ——

KON

The value of N should be chosen to be more than twice the highest
expected multiple of the fundamental frequency present in the
waveform to be analyzed. A low estimate for N will cause energy
above one-half the sampling rate to appear at a lower frequency (a
phenomenon known as aliasing).

Notes:

1. A single spectral value may be computed by setting flag 1.
This feature saves considerable time when only one coefficient
is desired.

2. For even functions (f(x) = f(-x)), b; = 0, for all values of j.
3. For odd functions (f(x) = -f(-x)), a; = 0, for all values of j.

4.  For convenience, the program modified to compute sine
coefficients may be recorded on the other track of the
magnetic card by placing the card into the machine with the
uncut end first.
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Examples: The function is odd, sn{ a; } ={U }

. N=12 J=1 {b;1j=1,...6} = {1.000, 1000, 1.000, ~1.400 E-9,

k ft) | 1.467 E—S, -2.500 E-9}
1 10.392 | o
2 14.000 Thus the function 1s
3 0.00 54
ont
4 -14.000 . f(t) = sin % + sin _f-_lw?t + sin —Ti
5 -10.392 o *
6 -13.000 ; |
7 -10.392 -5% STEP . INSTRUCTIONS DA':':I;UULFTS KEVS mqr'ﬂwns
8 -14.000 | 1 |Emerprogam i
9 0.00 0 ‘_. 2 ' For sine coefficients go to |
10 14.000 B " - step 10 |
11 10.392 __.; Input number of points N A I N
12 13.000 : 4 " Input order of first coefficient | J B ‘ 1
R L - ~
{ a; |] =1,2, .., 6 }={ 15.000, 1.000 x 10_9, ~5.000, 5  If only one coefficient is desired f SF 1 1
2.700 x 10~%, 3.000, 0.000 x 10°) ? |ty knl R
-_— . . s . x | S S . | S
X Repeat step 6 until display
The function is even, so {bj } = {D } : 'shows N + 1 |
Thus the function is | 8 | Display coefficients (1tflag1 |~ |L I
et only sorbywithave | (LRGLIL 1T sorh
f(t) = 15 cos 2 _ 5 cos E%rl + 3 cos me |beencomputed.) | ROL L2 )] & orbet
| RCL IL 3 1| ais20rbjez
N RCL |[ 4 || augorbug
2. This example requires the modified program | RCL |[ 5 || ajua or bj+a
3T 9 | For new case, go to step 2 | |
li; 2 ;rgﬁ _16_1_Tu;:har:ge_;u_ ;1 ;'IE coefficients, | o | ll
12 | |tomomtolowiogeees. | [T C 1
3 0 ' 11 Branch to label 1 GTO 1
4 0 \ . 12 Switch to W/PRGM S _ 01
5 0.634 0 \J/sz/\ ’ 13  Single step twice | SST SST 05
6 0 — | - | B - .
14  Delete cosine g DEL 31
7 -0.634 4 W—— I S b —— o
8 0 \ ! 15  Insert sine SIN 04
o 0 \ |16 Record modifiedprogamon | o |
10 -1.732 opposite track (see note 4) l i
11 -2.366 -l 17 SwitchtoRUNand go tostep3 | [_ 1
12 0 e AR S
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o

N S INPUT OUTPUT
DECIBEL CONVERSIO e wemwcnows | o ks U
EE 1-32A b _ 1 Enter program
DECIBEL CONVERSION -
vi® V2 20 log vp/vq db=va/vy ’ 8 2  Input Data |
P1® P2@ 10 log p2/py db+ Py/P, ) 5 P A
ower P, | U L
: - Power P; P, B m}r

This program converts voltage or power ratios to decibels and | Lol

: or

VICE VErsa. N i i m cvamesied remmssesvis el |

P V Voltage V, v, E A
-2 ’1 | I— A Sl B N
1 1 | | =
3 Compute decibels ] .
Power, 10log (P2/P1) L. E_ J| @
Pl ‘11'@ Voltage, 20 log (V4/V,) | _E - C dB
—=10 | - . |
P1 4 Convert dB to ratio o l . e
Voltage ratio in dB | dB E | o | wvavi
Va_ m%_g Power ratio in dB dB D | P, /P,
Vl 5 Recall inputs
v, | rRcL |[ 1 | V,

Examples: ’ T = P.

L V=1V v o [Retjl 3 0] V2|
V2 =2V Vv P RCL JL_4 P
Calculate 20 lﬂg ?— =6.02 dB 6  Change appropriate inputs or |

: for new case go to 2. -

2- Pl _— 3 mw : : E— - — e -
Pz =] mW Pg
Calculate 10 lﬂg F = 3.68 dB

1
P,
3 10log — =13.2dB
P,
P,
Calculate — = 20.89
Py
V,
4. 20 log — =10dB
Vi
\F!

Calculate — = 3.16
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VOLTAGE TO dBm
VOLTAGE TO dBm EE 1-33A 11
z® V@ dBm® CALC &

The power level of radio-frequency energy is often expressed in
decibels above one milliwatt. This program finds the missing value in

the following expression when any two are given

v?
Z V2
dBm=101 =10]log — + 30
T 877

where
Z = impedance level in ohms

V = voltage in volts
dBm = decibels above one milliwatt

when any two are given.

Examples:

1. Z =50%2
dBm =0

Calculate V = 0.2236 volts

2. Z2=600

V=07746 V
Calculate dBm = 0.00004

3. Z=60012

V=2V

Calculate dBm = 8.24

"

1 — a

-

m M M M MM MMM M M

Bl

B4l

]
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STEP  INSTRUCTIONS oaTaumts | KEYS  paTA/UNITS
1 Enterprogram
F 2 Input knowns (any 2} ]
| .I.r:npedan-:e Z, ohms .A o ]
| Voltage V.,V B
dB above 1 mW dBm | C____“ _ﬁ
3 Calculate unknown : i —]
.Impe{:lance _ET_J A Z. ohms
Voltage E B :..f_ ;
dB above 1 m.W 1 __E C dBm -
4 Recall imouts || - ]
Impedance ] _ﬁCL 1 | Z, ohms _
Voltage [ReL [ 2 vy
Babove lmW el 1l 3 1 dem
5 .Chang.e-“ E;ppmpriate inputs in - i - 14 )
..“_Ep N - — Y f— .
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'WIRE TABLES AL AND ANNEALED CU

WIRE TABLES 1 EE 1-34A
( R T - T @]

GAUGE GAUGE MILS 1000 FT 1000 FT

This program converts AWG gauge number to mils. It also computes
the weight and resistance of 1000 feet of wire.

The diameter of American Wire Gauge (AWG) is given by

460
AW_G +3
(9 2) 39

DIA =

where

DIA = diameter in mils
AWG = Gauge number

The weight and resistance of 1000 feet of wire depend on the
material.

For copper,

10371

R =
(DIA)?

W = 0.003 026 9 (DIA)?

and for aluminum

_ 17002
(DIA)?

W =0.000 920 3 (DIA)?

where
R = resistance of 1000 ft. of wire in ohms
W = weight of 1000 {t. of wire in pounds

Note: Values calculated by this program may differ slightly
from those in' published wire tables due to table round-
off errors.

Examples:

1.

STEP

No. 12 Cu wire
Dia = 80.81 mils (8.081 x 10‘)

ohms _ | cgg (1.588 x 10°)

1000 ft

LB _ 19.77(1.977 x 10")
1000 ft
No. 34 Cu wire

Dia = 6.305 mils (6.305 x 10%)

ohms _ 56,9 (2.609 x 10?)
1000 ft

LB 01203 (1203 x 10°")
1000 ft
No. 10 Al wire
Dia = 101.9 mils (1.019 x 10%)

ohms _ 637 (1.637 x 10°)
1000 ft

= 9.555 (9.555 x 10

oot > ! x 10°)

EE 1-34A 101

INSTRUCTIONS ;;{';';EL_TS 1_ KEYS ﬂ"&ﬂﬂm *
Enter program IL__ ____r_ _| |
Input gauge for ,,H_r_] [__ ___: II
Copper wire AWG r____A__I F_ |
Aluminum wire AWG Bl
Calculate desired values B ’r o
Wire diameter r{1_ : _J Dia, mils
Resistance of 1000 ft LD_ —::__ ....... R, chms
Weight of 1000 T L] wopounss |
Recall Input {optional) | _ _ 4| E_ o

For new case repeat steps 2

and 3.

ReL |1 | AWG
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HEAT SINKS The temperature at the junction of a transistor is given by
/
HEAT SINKS EE 1-35A Ty=Ta t Py (Oyc t Ocs + BSA)
Quc® Pd® 1®  “C+°F . ~
Eﬁ@} TA @ |'I| T where

Q
. . . " ki . T. = junction temperature, C
The thermal resistance, sink to air, of a 1/8” thick unpainted ) P

aluminum sheet has been found to be approximately (see the

L : . T . = ambient temperature, °C
Motorola Application Note, “Power Transistor Heat Sinks™) A P

P, = power dissipated by transistor, watts

|\ 472
Osa = 78.59 x(——) | - o0
[h 0 = thermal resistance, junction to case, W
0
. ) C
where 0cg = thermal resistance, case to sink, W
L
C 0
= ther resistance, sink to air, —— , , , C
HSA thermal ’ (WY E}SA = thernual resistance, sink to air, _W_

| = length of heat sink, cm or in.
This program evaluates the above equations to determine T; from

h = height of heat sink, cm or in. the other parameters.
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Example:
05c =10 WC-
pes =4 -C
Py=10W
T, =25°C

| =4 inches

h = 5 inches

Compute

GSA = 7.93

<

W
T; = 208.27 °C = 406.89

\

A\

“ad

m

A | S S TR

m m m

o)

[ :
L] - F
L

Tk

'STEP

.

2

T

3

————— e e ———— r——

——————T

—

—
|
|_,.,_ —

EE 1-35A 105
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
Enter ;}rugram__ L
.Initialize HTN | R/S i
Inputs
Therm. res.-junction to case )¢, “C/W | E A
Therm, res.-case to sink 8cs, “C/W A ]r
Power dissipated Pq, W E B
Ambient temperature Ta, °C B 1
either
Length of heat sink [,emorin.” E cC | {, cm
then Height of heat sink h,cm orin.” C B Bsa, C/W |
Therm, res.-sink to air B, QCM | STO - 7!’4 |
Qutputs | :__ |
| Junction temperature D - Ty °C
Junction temperature - ?E D T4 °F
Recall data {optional) :_ -
___HCL R e, “CIw
RCL 2 | fcs, “C/W |
RCL 3 Py, W
RCL || 4 Ta, °C
RCL || 5 I, cm |
"_I;-IE‘,L 6 h, cm E
reL L7 1 T.cc |
RCL || 9 | 6ga, “C/W
Return to step 2 for new case - B :‘E
Input inches negatively. C ______:
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PROGRAM LISTINGS

Page

1. Reactance Chart . . . . + + =« « « < o o e 108
7 Series Resonant Circuit . . . . . . . « . - - - 109
3. Parallel Resonant Circuit . . . . . . . . . . - 110
4. Impedance of Ladder Netwotk . . . . . . « . . 111
S T Attenuator . . . . - s e e e e e e e e 112
6. Pl Attenuator . . .. 113
7 WYE-Delta or Delta- WYE Transfurmatmn (Card 1) . . 114
WYE-Delta or Delta-WYE Transformation (Card2) . . . 115§

8 Minimum Loss Pad Matching . . . . . . . . - . 116
9 PI Network Impedance Matching . . . . . . . . . 117
10. Band Pass Filter Design (Card 1) . . . . . . . . . 118
Band Pass Filter Design (Card2) . . . . . . . . . 119

11. Active Filter —LowPass . . . . « . . + . . - 120
12 Active Filter — HighPass . . . . . . . . . « & 121
13. Butterworth Filter. . . N 1.9
14. Chebyshev Fiiter (Card 1) A VX
Chebyshev Filter (Card2) . . . . . « .+ . « - - 124

15. Capacitance of Parallel Plates Ce S P
16. Self Inductance of Straight Round ere Co. e ... 126
17. Inductance of a Single-Layer Close-Wound Coil . . . . 127
18. Skin Effectand CoilQ . . . . . . « « - .+ - = 128
19. Transformer Design . . RS 994
20. Reed Relay Design {Card 1) R R}
Reed Relay Design (Caxd2) . . . . . . . - . - 131

21. Impedance of Transmission Line . . . .. ... 132
22. Transmission Line Impedance Transfnrrnatmn ... . 133
23. Microstrip Transmission Line . . . . . . . - . . 134
24, SiY Parameter Conversion (Card 1} . . . . . . . 135
S= Y Parameter Conversion (Card2) . . . . . . . 136

25. Power Supply Rectifier Circuits . . . . . . . - 137
26. Controlled Rectifier Circuits . . . . . . .+ - « = 138
27. Integrated Circuit Current Source. . . . . . . - - 139
28. Transistor Bias . . . U
29. JFET Bias and Transcunductance A T )
30. Phase-LockedLoop . . . . . . .« « « .+ o .o - 142
31. FourierSeries . . . . . « « o o o0 o.o.o. 143
37, Decibel Conversion . . . . - « « « « - . . - 144
33. VoltagetodBm . . . . . e . .. . 145
34. Wire Tables Al and Annealed Cu . . ... .. 146

35.HeatSmks............,...14‘?
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EE 1-01A

33

33

33

33

34
34

21

08

84
23 |
00 |
' STO 1
02 |
71
35 |
02
71
04

01

41
71
35
04
05
84
23

11

35
83
22
00
02
03
71
31
09
02
71
35
02

CODE KEYS

- DSP
04
44
' STO 8

4
CLX

R/S
LBL
0

N

REACTANCE CHART

CODE KEYS CODE KEYS
71 | x 42 | CHS
35 g 84 R/S
04 '/ 23 | LBL
84 R/S 01 1
23 LBL 34 04 |RCL4
12 B 34 03 |RCL3
35 | g 71 | x
83 DSZ 84 | R/S
33 02 STO?2 23 | LBL
84 R/S 15 E
34 05 RCL5 01 |1
34 03 RCL3 33 08 |STO 8
81 + 84 |R/S
84 R/S 35 01 |g NOP
23 | LBL 35 01 |g NOP
13 ' C 35 01 |g NOP
35 g 35 01 g NOP
83 | DSZ 35 01 | g NOP
33 03 | STO 3 35 01 |g NOP
84 | R/S 35 01 |g NOP
34 05 RCL5 35 01 g NOP
34 02 RCL2 35 01 g NOP
81 |+ 35 01 g NOP
84 | R/S 35 01 g NOP
23 | LBL 35 01 g NOP
14 D 35 01 g NOP
35 g 35 01 g NOP
83 DSZ 35 01 g NOP
22  GTO 35 01 g NOP
01 1 35 01 g NOP
34 04 RCL4
134 02 RCL2
71 | x
35 g
04 | Ifx
R, onf R; ]
Rs (ar’f*)7! Rg DSZ
Re Ro

—— AR e —— re——

e\

/o B I T

T 1T

- .

FITE

14 O o e )

Wow oW

EE 1-02A

SERIES RESONANT CIRCUIT

!
|
|
|
|
:
1

E

33

33

i
1
| 33
|

51
84
23
11
32
61
02
84
01
22
00
23
12
32
61
04
84
03
22 |
00
23
13
32
61
05
84
03
04
71
31
09
35
02

/1

_f_:..l_.,
SF 1
R/S
LBL
A

.I:—l
TF 1
STO 2
R/S
STO 1
GTO
0

LBL
B

f- 1
TF 1
STO 4
R/S
STO 3
GTO

'CODE  KEYS |
e —

_ﬂ

B e e

CODE| KEYS

TEe Tan T B R R —

34

35

- 35
- 34

35

35

e Fimr mmemrby o

02

71
35
04
22
00 |
23

15
31
51
84

71
00
01 |
71
61

00 gLSTX |

X X 3. X

2

X

g

1/}1:
GTO
0
LBL
E

f
| SF 1
R/S

LBL

D
RCL 4
RCL5
2

g LST X
RCL 3
X

X

RCL 2

- gLSTX
' CHS

X

gLST X

RCL 1

X

+

09 | g Rt

i —— g o mr W R
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CODE

; KEYS

01

31
01
35 09
35 00
31
01
35 07
35 08
[ o
34 02
71
35 08

51
35 09

51

1

T
R—P

g RT
g LST X
ff

| R-P
g X2y
g R

RCL 2
X

agR
350}”9 :

g X<y

31
61
22
01
84
23
01
135 07 |

22 |

00 |
35 01
35 01
35 01 |

——— e

gRt

f

TF 1
GTO

R/S
LBL

g X2y
GTO
0

g NOP
g NOP
g NOP
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PARALLEL RESONANT CIRCUIT
CODE KEYS | |CODE KEYS | |CODE | KEYS
32 | 09 | \/x 81 +
51  SF 1 02 Er | 33 sTO
24 | RTN 71 | x 81 |+
23  LBL 35 g 07 |7
1 A 02 35 07 gx<y
3301iST01 71 x 09 9
84 | R/S 35 g 00 O
23 | LBL 04 | x 51 | —
12 B 22 GTO 42 | CHS
32 ! 00 O 34 07 | RCL7
61  TF 1 23 | LBL 35 07 | g x2y
33 04  STO 4 15 | E 31 | f
84 | R/S 31 | f 61 | TF 1
33 03 STO3 51 SF 1 22 | GTO
22 | GTO 24 RTN | 000
00 O 23 LBL 35 07 g x2y
23 | LBL 14 ' D 24 | RTN
13 C 34 04 RCL4 23 | LBL
33 05 STO5 34 06 RCL6 01 |1
41 | 1 71 | x 34 02 |RCL 2
41 | 1 33 07 | STO 7 34 05 RCLS5
02 | 2 01 |1 61 |+
71 | x 35 07  gx<y 84 R/S
35 g 34 06 RCL6 13 |C
02 = 71 x 14 ' D
71 | x 34 03 RCL3 84 R/S
33 06 | STO®6 71 | x 35 07 |gxZy
32 | 7! 51 | — 84 |R/S
61  TF 1 34 01 | RCL 1 22 |GTO
35 01 g NOP 71 | x 01 |1
24  RTN 34 07  RCL7
34 03 | RCL 3 35 07 | g xQy
34 04 | RCL 4 31| f
71 | x 01  R-P
31 | f 34 01 RCL1
R+ R 1;R4 L !R;r Temporary
R, Af LRS f Rg
Rs C Re w = 2nf Ro Used

W

ﬁl
R

e

- -
e =
i

m

T EEEEER"

|

r

TH T

7
i
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IMPEDANCE OF LADDER NETWORK
: r 1
CODE KEYS CODE @ KEYS CODE A KEYS
31 f | 23 LBL 23 | LBL
42 STK 00 io 01 |1
31 f 32 f! 33 06 |STO6
43 REG 51 |SF 1 135 07 |gx2y
. 84 R/S 84 |R/S 33 07 |STO7
23 LBL 23 | LBL 134 02 |RCL 2
11 A 15 |E 34 01 RCL1
33 04 STO4 31 |f 31 |f
35 07 gx2y 51 SF 1 61 TF1
33 05 STO5 84 |R/S 11 |A
31 f 23 |LBL 35 01 |g NOP
01 R-P 11 A 134 06 RCL®6
32 ! 32 7! 61 |+
09 Vx 61 |TF 1 35 07 |gx2y
34 05 RCL5 35 g 34 07 RCL7
42 | CHS 04 | '/x |61 |+
35 07 g x<y 00 O 35 07 |gx3y
81 |+ 35 07 gx2y 31 |f
34 04 RCL4 22 GTO 61 TF1
35 00 | g LST x 01 1 11 A
81 + 23  LBL 35 01 |g NOP
24 RTN 12 B 33 01 |STO1
23 | LBL 34 03 RCL3 35 07 g x<y
14 D 71 | x 33 02 |[STO2
32 ! 35 |g 36 07 g xay
61 TF1 04 | '/x 11 A
35 07 g x2y 42 |CHS | 31 |f
22 GTO 00 O 01 |R-=P
00 O 22 | GTO 22 |GTO
02 2 01 |1 00 0
71 x 23 | LBL
35 g 13 |C
02 'n 34 03 |RCL3
71 X 11 X
33 03 STO3 00 O
Ri  Re [Yin] R, Used R; Used
Rz Im [Y,] Rs Used Rs B
R; w=2nf Ps Used Rg




112 EE 1-05A EE 1-06A 113

TATTENUATOR | l PI ATTENUATOR
| - — — — E I‘ ——
CODE KEYS | |CODE KEYS | |CODE KEYS | 'CODE KEYS | |CODE| KEYS | |CODE KEYS
| ] ) | —— ‘.
21 DSP 51 — 41 - 21| DSP . | 3305 STOS5 09 | /x
04 4 33 08 STO8 | | 71 X | 04 4 | 35 g 61 | +
32 f! - 81 | 31 f | 32§ 04 I 41 | 1
51 SF1 | | 3305 STO5 | 08 LOG 61 TF1 .~ | 3306 STO6 71 | x
23 LBL 3401 RCLT | | 01 1 3302 STO2 | |3408 | RCLS8 31 | f
1 A 34 07 RCL7 | 00 O . 84| R/S | 02 | 2 08  LOG
32 ' | o1 1 | 71X 13301 sTO1 | | 61+ 01 1
61 TF 1 61 + | |33 06| STO6 32 ! |34 08 | RCL 8 00 O
33 02 STO?2 133 07| STO7 | 84 R/S . s1 SF1 | | 81 % |7 x
84 R/S 71 x 23  LBL . 84 R/S 33 08  STO 8 33 06 | STO6
33 01 STO1 ' 34 08 RCL8 13| C 23 | LBL 34 01 | RCL 1 84 | R/S
32 f! 81 | 32 f! ' 12 B 81 | + 23 | LBL
51 SF 1 34 05 RCL5 61 TF 1 01 1 34 06 | RCL 6 13 C
84 R/S | | 81| - ' 34 04 RCL4 000 51 | — 32 |
23 LBL | |3303 STO3 | 84 R/S .81+ | 35 g 61  TF 1
12 B ' 34 02 | RCL 2 34 03 RCL3 011 | 04  /x 34 04 RCL4
01 | 34 07| RCL7 32 ! . 00 O | |33 03|STO3 84 | R/S
00 O 7 x | 51 SF1 135 07 gx2y | | 34 08 | RCL8 34 03 | RCL3
81 -+ | | 3408 RCL8 | | 84 R/S . 35 g |34 02 RCL2 32 | !
01 1 TR | 23 BL | | 05|y 81 | + 51 | SF 1
00 O | 34 05 RCL5 | 14 D | 13307 STO7 | |34 06 RCL6 84 | R/S
35 07 gx2y | | Bl - |34 05 RCL5 - 01T 51 | — 23 | LBL
35 g ' 13304 STO4 | | 84 R/S | 51 - 35 | g 14 | D
05 ¥ 3401 RCL1T | | 23 LBL ' 33 08 STO8 | 04 | l/x 34 05 | RCL5
3307 STO?7 | |3402 RCL2 | | 15 E | 83| - 13304 STOA4 84 | R/S
34 01 RCLT | | 81 =+, 0 31 f | . 055 | 34 01 RCL1 23 | LBL
3402 RCL2 | | 3306 sTO6 | | 51 SF1 71 x | |34 02| RCL2 | 15 E
71 x | 01 1 . 84 R/S 34 01 RCL1 | | 81| + 31 f
71 x 1 Bl - | 3501 gNOP | 34 02 RCL2 | | 3306 STO6 | 51 SF1
31, 1 || 31T 8501 gNOP | X | 0 84| R/S
09 Vx || 09 V/x " 34 07 RCL7 | | 51| — ; N
02 2 | 34 06 RCL6 81 = 31 g |
71| x 0 31 f 31 f 09 WX
34 07 RCL7 | | 09 +/x 09 /x | 34 06 RCL6 |
01 1 61+ 71 x | 31 g
R, Z, R4 R, R; N, N+ 1 R Z, R4 R, R, N
R Z, Rs R, Rs N - 1 R Z, R R, Rs Used
R3 R Re Min Loss Rg Rj R, Re Min Loss Rg 1/R;




114

CODE |

01
08
23
01
21
| 83
| 00
08
| 84
; 23
14
23
11
02
01
03
02
08
08
03
22
01
23

33

' 34

5 34
' 33
34
33
' 35
' 35
' 33

03
13
03
08
23
12
05
04
06
05
08

15

’I

STO 8
LBL

|

DSP

0
RCL 8
R/S
LBL
D
LBL
A
RCL 2
STO 1
RCL 3

 STO 2

g R}
g R{

' STO 3
' GTO

1

LBL
E
RCL 3
C
STO 3
g R
LBL
B
RCL 5
STO 4
RCL 6
STO 5
g R{

Used
Used
Used

EE 1-07A(1)
WYE-DELTA OR DELTA-WYE TRANSFORMATION

KE‘I’S

|

(CARD 1)

|

35
| 33

08
06
03
08
23
22
02
01
61
08
22

34
'35

1
I
!

53
|

23
13
31

35

04

|
!35 07
42
'35 07

32

01

24

23
02
34 04
' 34 05
| 61
' 34 06
61
34 01
34 02
| 61
34 03

01 |

01

'CODE KEYS |

e

g R

STOG6

3

RCL 8

g x=y

GTO
2

1

+

STO 8
"GTO

LBL

CHS

RTN
LBL

RCL 4
RCL 5

RCL 6

RCL 1
RCL 2

RCL 3

Used
Used
Used

.

Fl
'
[
¥

——

e T —

R e

- LS T

T e

[CODE KEYS

e e

L)
1§

33
35
33
34
34

33
35
33

34

133
135
33
| 34
34

33
35
133

61
31
01
07
07
08
04
01
31

01

01

07
04
05
02
31

01

02
07
05
06

03

31

01
03
07
06
21
04

+

f
R—P
'STO 7

.

g X<y
STO 8
RCL 4

"RCL 1

R->P
'STO 1

g X<y
'STO 4

RCL 5
"RCL 2

" R—P
STO 2
g X<y
' STO 5
"RCL 6
RCL 3

' R—P
'STO 3

g X<y
' STO 6
- DSP

R/S

'r'-ln—i-h- e ——

Used

Used
Used

e T

e,

"EEEEEENE

—-—
— -

- - -

e -

mmmmmMmMmMmmm m

1

— N S —

L &

i p— T
p—..

T E R ERER"

WYE-DELTA OR DELTA-WYE TRANSFORMATION
(CARD 2)
'CODE KEYS CODE KEYS
23  LBL 84 R/S
11 A 23 LBL
34 04  RCL4 13 C
' 34 06 RCL6 71 | x
34 01 RCL1 34 07 RCL7
34 03 RCL 3 81 |+
13 C '35 08 gRY
84 R/S 61+
23  LBL 34 08 | RCLS8
. 12 B 51 | —
'35 07 | gx2y 35 09 | g Rt
. 84 R/S - 31 | f
23 | LBL | 61 | TF 1
| 11 A .22 | GTO
134 05 RCL5 01 1
34 06 RCLG - 32 !
34 02  RCL2 01 | RoP
34 03 RCL3 | | 24 RTN
| 13| C | 23 LBL
84 | R/S 011
23 | LBL 35 g
| 12 B 04 Yx
35 07 g x>y 135 07  gx2y
84 R/S 42 CHS
23 LBL 35 07  gx2y
| 11 A | 32 !
' 34 04 RCL4 01  R-P
34 05 RCL5 24  RTN
34 01 RCL1 23 | LBL
34 02  RCL?2 14 | D
13 C 32 !
84 R/S 51 | SF 1
23 LBL 84 | R/S
12 B 23 | LBL
35 07 gx2y 15 | E
R Used Ra Used
R» Used Rs Used
R3 Used Re Used

|
|

e S

EE 1-07A(2)

115

CODE KEYS

31  f

51 |SF 1

84 |R/S
35 01 | g NOP
35 01 | g NOP
35 01 |gNOP
35 01 | g NOP
35 01 | g NOP
35 01 gNOP
35 01 g NOP
35 01 g NOP
35 01 g NOP
35 01 g NOP
36 01 gNOP
35 01 | g NOP
35 01 g NOP
35 01 | g NOP
35 01 | g NOP
35 01 | g NOP
'35 01 | gNOP
35 01 | g NOP
135 01 | gNOP
'35 01 | gNOP
'35 01 | g NOP
§35 01 | g NOP
'35 01 g NOP
'35 01 g NOP
'35 01 gNOP
; 35 01 gNOP |
135 01 gNOP |

Used
Used
Used

T_rar ll—l- s L




e e

116 EE 1-08B
MINIMUM LOSS PAD MATCHING
CODE KEYS | |CODE KEYS | |CODE| KEYS |
23 LBL 71 x 35 01 gNOP |
11 A 33 03 STO 3 35 01 |g NOP
33 01  STO 1 01 |1 135 01 | g NOP
84 R/S 34 02 RCL2 35 01 | g NOP
23 | LBL 34 01 RCL 1 35 01 g NOP
12 B 81 |+ 35 01 g NOP
33 02 | STO 2 51  — 35 01 g NOP
84 R/S 31 | f 35 01 g NOP
23 | LBL 09 |\/x 35 01 |g NOP
13/ C 3304 STO4 35 01 ' gWNOP
15 | E 35 | g 35 01 | gNOP
34 04 RCL4 04 | '/x 35 01 |g NOP
84 R/S 33 05 STOS5 135 01 [gNOP
23 | LBL 34 01 RCL 1 35 01 g NOP
14 | D 33 |STO 35 01 |g NOP
15 E 71 ' x 35 01 gNOP
34 05 RCLS5 04 4 35 01 gNOP
84 | R/S 34 02 RCL?2 35 01 | g NOP
23 | LBL 33 ' STO 35 01 | g NOP
15 | E 71 | x 35 01 g NOP
34 01 RCL 1 05 5 35 01 |gNOP
34 02 RCL?2 34 03 RCL 3 35 01 |g NOP
81 | =+ 24 | RTN 35 01 'g NOP
31 | f 35 01 | g NOP 35 01 |gNOP
09 /x 35 01 ' g NOP 35 01 g NOP
35 00 gLST X 35 01 g NOP 35 01 g NOP
01 | 1 356 01 | g NOP 135 01 | g NOP
51 | — 35 01 g NOP 35 01 |g NOP
31 f 35 01 | gNOP 35 01 gNOP
09 Vx 35 01 | g NOP 35 01 | g NOP
61 + 35 01 gNOP
31 f 35 01 gNOQP
08 LOG 35 01 | g NOP
02 2 35 01 gNOP
00 0 | |35 01 gNOP
i |
Rz Ry Ry Ry
R2 2z, Rs R Re
fna Loss Rg +R9_ B -

N M M M

-

- =

m

)
= N ;.

 E,

i

Hi'ql

=4 =W

4.

E E E EEEE B EE N B B =

B/ 11 58
L

EE 1-09A 117
Pl NETWORK IMPEDANCE MATCHING
CODE KEYS CODE | KEYS | |CODE| KEYS
31 | § 22 | GTO 81 |+
42 | STK 00 O 71 | x
21 DSP 34 02 RCL2 23 | LBL
04 4 34 01 RCL1 00 |0
23  LBL 81 =+ 35 | g
01 1 34 04 RCL4 02 | =
32 f! 41 1 02 | 2
51  SF 1 71 | x 71 | x
24 RTN 01 | 1 34 03 RCL3
84  R/S 61 | + 71 | x -
23 | LBL 33 05 | STO 5 81 | +
1 A 71 | x 22  GTO
32 ! 01 | 1 01 1
61 TF 1 51 | — 23 | LBL
33 02 STO?2 31 | f 16 | E
84  R/S 09 | Vx 31 | f
33 01 | STO 1 34 02 | RCL2 51 | SF 1
22 | GTO g1 |+ 84 | R/S
01 | 1 33 06  STO 6 35 01 | g NOP
23 | LBL 22  GTO 35 01 | g NOP
12 B 00 O 35 01 | g NOP
32 f! 23  LBL 35 01 | g NOP
61  TF 1 14 | D 35 01 | g NOP
33 04 | STO 4 13| C 35 01 g NOP
84 | R/S 34 02 | RCL 2 35 01 g NOP
33 03  STO 3 34 06 | RCL 6 35 01 g NOP
22 | GTO 71 | x 35 01 g NOP
01 | 1 34 04 | RCL4 35 01 g NOP
23 | LBL 81 | + 35 01 | g NOP
13 C 01 | 1 35 01 \gmop
34 04 RCL4 61 | +
34 01  RCL1 34 04 | RCL 4
81  + 34 01 | RCL 1
31 | f 71 | x
61  TF 1 34 05 | RCL5
R".I Rl Rq, Q iR7
R> R, Fs Used iHB
Rj f lnﬁ Used Rg




118

CODE KE YS

21
03
32
51

an

23
11

32

61
33 02
. 84

33 01

32
51
84
23
12
31
| 61

01
34 02
34 01

| 22

EE 1-10A(1)

BAND PASS FILTER DESIGN (CARD 1)

DSP
3

f—l
SF 1
R/S
LBL
A

f—l

- TF1
STO 2
R/S
STO 1
.l:—l
SF 1
R/S
LBL
B

i
TF1
GTO
1
RCL 2
RCL 1

51 | —

33 06
34 01
34 02
| 71 |
04
71
35
02
| 71
- 33 07

34 03

 STO 6

RCL 1
RCL 2
X

4
X
g
s

'CODE KEYS | |CODE KEYS ]
71 | x 32 f‘
81 =+ 61  TF 1
33 04 STO4 34 05 RCL5
34 03 | RCL 3 84 R/S
34 06 RCL6 34 04 RCL4
35 g 32 | f!
02 = 51 | SF 1
71 | x 84 | R/S
33 08 STO 8 23 | LBL
71 | x 14 D
35 ’ g 32 | !
04  '/x 61 TF1
33 05 STOS5 34 07 RCL7
34 03 RCL 3 84 R/S
34 06 RCLG6 34 06 | RCL6
71 x 32 | f!
34 07 RCL?7 51 | SF 1
81 =+ 84 | R/S
33 07 | STO7 23 | LBL
34 03 RCL3 15 E
34 08  RCL 8 31 f
81 = 51 SF 1
33 06 STOG6 84 R/S
00 O 35 01 gNOP
21 DSP 35 01 g NOP
03 3 35 01 | g NOP
84 R/S 35 01 | g NOP
23 | LBL 35 01 | g NOP
01 | 1 35 01 g NOP
33 03 STO3 35 01 | g NOP
| 32 ! | |
51 SF 1
84 R/S
23 | LBL
13 . C
C, R; am f, f,, L
Cb RB 'ﬂ'(fz - fl}
fa—fy. Lg Ro

|

E

g
E
E
E
E
E

m mmm
W W W e

™
i

mmm
-« & &

T
&

— - _ - e ————— e e ——
1 i i

N
7

EE 1-10A(2)

119

BAND PASS FILTER DESIGN (CARD 2]

CODE
34 02

- 34 01

35 24
00
81
21
83
02
84
23
12
34 01
02

| 35

02
71
41
71

33 08

B e e e T

71
34 06
71
01
51
01
| 08
34 05
| 71
34 07

71

51

71

o e T e e e

—m e e e e s =

34 08

71

34 04

KEYS

- _-u_--—l-ll]

" RCL 2
RCL 1
g x>y
0

DSP

2

R/S
LBL

B
RCL 1

|

e T YT S ———

'
| — A

CODE KEYS CODE KEYS
TRy 14 | D
71 | x 61 |+
34 04 RCL4 23  LBL
? 71 | X 15 ;E
34 07 RCL7 31 | f
71 | x 09 Vx
81 | + 61 +
34 01 | RCL 1 31 f
34 03 RCL3 07 | LN
23 | LBL 01 | 1
02 | 2 32 !
61 | + 07 LN
33 01 STO 1 31 | f
35 08 ig R 08 | LOG
00 O 04 | 4
35 07 | g x2y 00 O
35 24 g x>y 71 x
22 GTO 71 | x
01 | 1 24 | RTN
35 23 | g x=y 23  LBL
00 | 0 14 D
84 R/S 31 | f
01 1 09 |Vx
42  CHS a1 | 1
35 07 | g x&y 71 x
35 24 | g x>y 35 00 g LST X
00 O 35 07 | g x2y
84 R/S 01 | 1
42 | CHS 24 | RTN
14 D 35 01 | g NOP
51  —
| 15 E
84 R/S
23  LBL
01 1
R4 Ca R7 Lp
Rs Co Rs w?
Re L, Ro Used




120 EE 1-11A EE 1-12A 121

4
-!1 li

ACTIVE FILTER—LOW PASS ACTIVE FILTER—HIGH PASS

T T

— ! - |T
'CODE  KEYS CODE | KEYS | |CODE | KEYS CODE KEYS | |CODE KEYS | |CODE KEYS
L0222 05 |5 02 |2 ‘ 0 2 05 5 71 | x
31 | f 23 | LBL 34 02 RCL2 4 21 | f 23  LBL 01 1
09 WVx 13 |C 01 |1 E 09 X 13 | C 34 02 RCL 2
33 03 ;ST03 31 |f 61 |+ 33 03 STO 3 31 Ef . 81 o
31 f 61 | TF 1 34 03 RCL3 21 | f 61 | TF 1 02 |2
| 42 STK 22 |GTO 04 |4 E '3 42 | STK 22 GTO 61 |+
S o AN 4 l I o | gk
| g 00 O j
32 ! 35 07 | gx2y 02 |m PR 32§ 34 02 | RCL 2 22 | GTO
51 SF 1 81 |+ 81 51 | SF 1 71 | x 00 O
21  DSP 22 |GTO 34 01 |RCL1 21 | DSP 01 | 1 23 | LBL
83 - 00 O 81 |+ E ,j 83 - 61 + 14 D
02 2 23 |LBL 34 04 |RCL4 ; 02 2 34 03 RCL 3 34 04 | RCL 4
24 | RTN 02 |2 81 |+ 84  R/S 02 2 34 02  RCL 2
23 | LBL 32 ! 22 GTO 23 | LBL 71 | x 81 |+
1 A 51 [SF 1 00 O E 'i 11| A 35 | g 23 LBL
31 | f 14 |D 23 LBL | 31 02 |« 05 b
61 | TF 1 34 03 | RCL 3 01 1 . 61  TF 1 71 | x 21 | DSP
33 01 STO1 71 | x 32 | f! E .j 33 01  STO 1 34 01 RCL1 06 |6
22 | GTO 35 | g 51 | SF 1 | 22 | GTO 71 | x 32 | f°
00 O 02 |m 14 D | 00 0 34 04 RCL4 51 | SF 1
61 |+ 71 | x 34 02 RCL 2 o = 61 + 71 | x 84  R/S
33 02 STO?2 34 01 |RCL 1 81 + ; | 33 02 STO?2 81 | =+ 23 LBL
22 GTO 71 | x 22 GTO 22 | GTO 22 | GTO 15 E
00 'O 81 |+ 00 O - 00 | O 00 O 31 | f
23 LBL 23 | LBL 23 LBL E Ij 23  LBL 23 | LBL 51 | SF 1
12 B 05 |5 156 | E | | 12 B 01 1 84 | R/S
31 f 21 | DSP 31 | f | 31 | f 34 03 RCL3 35 01 | g NOP
61 TF1 06 |6 51 |SF 1 E_‘ 61  TF 1 02 | 2 35 01 | g NOP
33 03 STO3 84 | R/S 84 | R/S | 33 03 STO 3 35 | g 35 01 _ g NOP
22 | GTO 23 | LBL , 22 GTO 02 '
|2 e =5 e 200 | ot e
33 04 STO4 61 TF 1 | | 33 04 STO4 71 x
22 GTO 22 | GTO B r 22 | GTO 34 04 RCL4
R fe R4 C !R? E"" d fo Ra C R
: & R R | R, Re
3 « JRE Rg tI_ BE |Rg.

o



EE 1-14A(1) 123

122 EE 1-13A E .
CHEBYSHEV FILTER (CARD 1)
BUTTERWORTH FILTER T | | ﬁ
R - , , __ — s
'CODE KEYS | |CODE KEYS | |CODE KEYS E CODE KEYS | | CODE KEYS | |CODE
| ~Uoe ] RETS || MUPE| REYS 4 | bbbl 5 ar :
3301 STO1 | | 71 «x | 71 | x 23 LBL | | 320 0212
35 . 35 81 = 3 1A | 07| LN 81 |-
49 %AD 02 ?QT 31  f 33 01 STO 1 | 31 f 33 06 STO®G6
' 84 R/S | | 08 LOG 35 g
| 01 1 71 X 04  SIN | 2 | LBL 04 | 4 02
3304 STO4 | | 8 = 34 02 | RCL 2 E | | e lo 2 o1 | RCL -
02 2 . | 3306 STO6 71 | x - | 128 e 82 | 3
13305 STO5 | | 3401 RCLT 35 g 3333 EJSO? | e |k ol iy
e gj: E,Esu gg g; sﬁ%g 34 gg RCL 3 = 23 LBL | | 32 f 81+
| | ; 13 C 07 | LN 31 | f
fﬁ ;BL * 33 | 3”>"’ ;1 2 I 3303 STO3 | | 3307 STO7 04 | SIN
33 02 STO 2 g - 33 07 | STO 7 3 O 8 R/S | 3500 gLSTX 33 08 | STO 8
. 84 RS | | 02 2 34 01 | RCL 1 I 23 LBL | | 42/ ChS 2|2
23 LBL 61 + 34 05 RCL5 | ] |
‘ ‘. | | RCL
13 C . | 3304 STO4 33 08 STO8 E E. 33 gj EEM o g';'itw 3--:11:8;1«?i+ 6
13303 STO3 | | 21 DSP 35 24 g x>y | | ] | |
84 R/S 022 00 | 0 23 LBL | | 3500 gLSTX 33 07  STO7
| | | | 15 E | 34 07| RCL7 34 03 | RCL3
. 14 D | 8 R/S | 02 2 - - 0 | 61+ -
34 04 RCL4 . 21 DSP 61+ l | 33 g? fST05 L 2; | ; a1 | »
| 02 2 | 04 4 33 05 | STO5 . | - -
7 x 13406 RCL6 | 21 | DSP E o8 B R I e iadhed Bdbas
| 01 1 | 84 R/S 02 | 2 ' | g L | |
] | | 42 RAD | | 07| LN 84 R/S
51 — ] 23 LBL | 34 08 RCLS8 ; 21 DSP 134 01 RCL1 35 01 g NOP
. 35 g L E | 84 RS = 03 3 | 02 2 35 01 g NOP
i 212 § A gggus ] Sl?fsp | 3403 RCL3 | | 71 «x 35 01  gNOP
] | il 02 2 - 81 = 35 01 gNOP
3401 RCLT | | 71 «x | 3407 RCL7 E Lj R = 35 01 | g NOP
02 2 011 | 84 R/S | . |
| | | | 35| g | 07 LN | 35 01 | g NOP
| ;} A . =501 gNOF 02 7 /3500 gLSTX |
- | 36 g | . |
3 | 02w | E w03 sto3 | | 3 o
04SN T | 3404 RCL4 | | 07 LN
3402 RCL2 | | 3401 RCL1 | F T o1 B
13403 RCL3 | | 02 2 — _
'R; - R, Used R, L E*’ 1" 1 n 4 €dB. Ci 7 i
L { Rz R R | R d
R 5 8 i
R R Rs Used Rg Used f |
| [ [Rg fc, We RB Y Hg Used
R3 f[: Rﬁ Ci Rg Used i E ’ L - | . S
- i’



124 EE 1-14A(2) }q' EE 1-16A 125
CHEBYSHEV FILTER (CARD 2) CAPACITANCE OF PARALLEL PLATES
- I' R
CODE | KEY CODE KEY_] CODE | KEY 3 L' ;
L S S| | s CODE KEYS | |CODE | KEYS | |CODE| KEYS
23 | LBL 33 05 |STO 5 7 | x = g a2 | R/S
1 2 ,. |
o1 | oo P a9 [ 24 97 101 = 83 - 35 07 | gx2y 34 04 RCL 4
83 | - > 24 LéSL 22 * ,[ 05 5 35 24 gx>y 35 g
00 © o? : 3: " 3 '= 04 4 33 04 STO4 02
34 01 | RCL 1 32 f! 31 |f romiy 42  CHS 84 R/S 02 2
34 05 RCL5 51 | — 04 | SIN 33 gi 21;506 34 g? é::t::,l_ﬁ ;1 :
30 24| 9x>y il L 1] M - | 23 LBL 33 04 STO4 34 02 |RCL 2
| | X = | 84 | R/S 81 |+
81 | = 34 04 RCL 4 34 05 RCL5 ; 23 o1 | 570 1 > |int 2 |+
84 | R/S 01 | 1 01 |1 |
| 84 | R/S 15 |E 07 |LN
23 | LBL 51 | — |
12 B 34 02 |RCL 2 61 |+
e 2158t i b il 00 O 81 |+ 34 02 RCL2 |
4 - | —r 1
2o | GTO 2y | 1 o8 B | ROLS - 35 07 g x2y 34 03 RCL 3 34 04 RCL4
01 | 1 21 | SF 1 81 | = 35 24 gx>y 71 | x 81 |+
33 02 STO 2 34 04 RCL 4 | 35 g
31 f 15 E 31 |f R ot | R/S ol ol
81 | TF 2 34 02 RCL 2 04 |SIN = | ol i A | 2T
22 | GTO 71 x | 41 |1 I 21 | 00 0 71 |x
03 | 3 34 03 RCL 3 71 | x |
31 | 22 GTO 34 06 |RCL 6 oS ol M o8 |5 o
71 | SF 2 02 2 41 |1 | .
5 | B | o3 | LeL 1 | 23 | LBL 05 |5 34 05 |RCL5
_ 13 C 04 |4 71 | x
34 03 | RCL 3 15 E 61  + E‘“ d |
| 00 O 01 |1 84 R/S
34 ‘;'1"" ECLZ 34 g?l E‘CLB 34 g: ;SC” - 35 07 | gx2y 09 |9 35 01 gNOP |
23 | LBL 21 |« 81 |- 35 24 |gx>y 71 | x 35 01 gNOP |
‘ EoaoE 33 03 |STO 3 33 05 [STO5 35 01 |g NOP
02 | 2 34 05 | RCL 5 33 07 |STO7 | |
21 | Dsp 0 | 5 oa | RTR 84 R/S 34 03 RCL3 35 01 |g NOP
03 | 3 21 | 34 06 RCL6 134 04 RCL4 35 01 g NOP
. i 71 x | 43 |EEX
81 |+ 01 1 E.—-ﬁ:’.—]. ;
| | 33 03 STO 3 02 2
343?!?115 g;g— I 84 R/S 71 X
| i 23 LBL 35 24 |g x>y
61 | + 02 | m E-ﬂd 14 D E}xl 05 RCL5
S S !
i | B
L o v G BB R e Re W R,
nz R -nﬁ I RB 'al ﬁ- - — , ' ! ]
. — ———— Rz d Rs CwithP=0 Rg
3 we 8 Y 9 Used Ra L  Rs  -254 Ry  Used

133



—— ——— |
CODE KEYS | |CODE KEYS 'CODE | KEYS |
02 2 | 8 R/S | 3501 gNOP
- 83 - | 23 'LBL | |35 01 gNOP
| 05 5 | 14D '35 01 | g NOP
.04 4 | 15 |E 35 01 gNOP
. 42 CHs | | 83 |- 135 01 gNOP
3304 STO4 | | 00 O /3501 gNOP |
C 01 | 00 o0 |35 01 |gNOP
13303 STO3 | | 02 2 | 13501 |gNOP
. 44 /CLX | |3403|RCL3 | |3501 gNOP
.~ 8 R/S | | 71 x |35 01 gNOP
23 LBL | 3402 RCL2 | [3501 gNOP
11 A I A I ' 13501 |gNOP
. 00 0 | 04 4 | 13501 gNOP
35 07 | gx2y ] 81 | + | ;35013gNOP
35 24 gx>y | 61 |+ ' /3501 gNOP | E :.
13301 STO1 | | 84 R/S |35 01 |gNOP
| 84 R/S | 23 LBL | |3501 |gNOP |
134 04 RCL4 | | 15 E ' |35 01 gNOP | |
71 x . 04 4 . |35 01 gNOP | E :.
3301 STO1 | 3402 RCL2 | |[3501 gNOP ‘
84 RS | | 71 |«x . 13501 gNOP | 3
23 LBL | 3401 RCL1 | |[3501 gNOP = j
12 | B o 81 |+ | 135 01 gNOP
00 O 31 f |35 01 gNOP |
35 07 g x2y ] 07 LN '35 01 gNOP E ' j
3524 gx>y | | 01 1 3501 gNOP | |
3302 sTO2 | | 51 - ' |35 01 gNOP |
8 R/S | 3402 RCL2 | (3501 gNOP | o=
34 04 RCL4 | | 71 x |35 01 [gNOP |
. ;1 X . 83 - 35 01 gNOP | I
| 2ist02 | | oo|o0 01 1gNOF | f
8 RS | | 00 0 k.2
23 | LBL 02 2 I
13 C | 71 | x
33 03 STO3 24 | RTN S '-i
R1 d R4 -2.54 R;r E I-i
R, Rs Rs
R Mr Re R
9 Used S ’
B
3 i:l

126 EE 1-16A

SELF INDUCTANCE OF STRAIGHT ROUND WIRE

'CODE

35

34
34

33

33

33

34

34

34

81
71
31
09
31
01
09
61
84
23
15
02
04
71
06
01
08
84
23
11
35
83
01
84
04
83
05
03
41
71
81

71
06
01

INDUCTANCE OF A SINGLE-LAYER

KEYS

e

f

EE 1-17A

CLOSE-WOUND COIL

CODE KEYS | |CODE KEYS |
5

34

33

34
34

34

34

34

33

34
34

00
03
22
00
23
12
35
83
G2
84
03
01
04
81
71
09
03
81
51
01
71
01
00
81
84
23
14
35
83
04
84
03
01
71
41

cc———

0
RCL 3
GTO
0

LBL
B

g

DSZ
STO 2
R/S
RCL 3
RCL 1
RCL4

X

9
RCL 3

RCL 1
X

1

0

R/S
LBL
D

g
DSZ
STO 4
R/S
RCL 3
RCL 1
X

.T.

r—.—— i
— e — i

e T

:. 34

34
35

09
01
71
01
00
02
71
03
71
61
81
84
23
13
35
83
03
84
05
06
71
01
41
71
81
04
09
01
01

X
9

RCL 1
X

1

0

RCL 2

RCL 3

R/S
LBL

DSZ
STO 3
R/S

RCLG6
X
RCL 1
T

X

RCL 4
Y
RCL 1

DSZ
Used

127

———rmae e e

e e e R —— TR——

g NOP
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128 EE 1-18A
SKIN EFFECT AND COIL Q
{CODE} KEYS CODE KEYS | |CODE KEYS
32 ! 09 | /x 06 698
51| SF 1 81 1/_ 71':.(6
84 R/S 31| f 71| x
23 LBL 61| TF 1 84 | R/S
11 A 22 | GTO 23 | LBL
32 ! 00 O 14| D
61 TF1 3500 gLSTX| | 022
33 02 STO?2 34 02 RCL 2 83 | -
33 01 STO1 34 03| RCL3 01| 1
22 GTO 34 02| RCL 2 43 | EEX
00 0 81| + 42 | CHS
23 LBL 31 f 07 | 7
12| B 08  LOG 34 04 | RCL 4
32 f! 01 1 31 | f
' 81| TF 1 83| - 09 | V/x
33 04 STO4 02 2 71 | x
84 R/S 71| x = 31| f
33 03 STO 3 83 - 61| TF 1
22 GTO 03| 3 22 | GTO
00 0 08 8 00| O
23| LBL 61 + - 43 EEX
15| E 35| g 02 2
31| f 42 RAD 71 | x
51| SF 1 31 f 35 g
84 R/S 04 SIN 02 | 7
23 LBL 01 1 81 | =
13 C 83| - 34 01 RCL1
06 6 01 1 81 =
83 - 08 8 84 | R/S
00 O 83 922 -
08 8 00 @5+—5 ©
' 34 04 RCL4 O 83— 2
31 f Os 55 &
I S ———
R g R, : R,
R D rRs ;RE_ :
R; i Re Rg Used

B

T

—

-

TRANSFORMER DESIGN

CODE

KEYS

———r

84
01
33 08
03
04
09
43
04
33 07

33 06
34 02
81
31
09
83

07

02
33 08
81

11
35
83

00
34 02

23
02

23

=34 03

71

22
00 |
23 |

33 01 |
22

R/S
1
STO 8

—

1

o T

CODE

 KEYS

e

g —

34 02

o e ———— ————

03
34 04
71
23
04
34 05
34 07
71
35 07
81
22
00
23
12

35 |

83
33 02
22
00
34 01
22

02

23
13

35 |
83 |

33 03
22

00 |

34 01

71
22
03
23

3
"RCL 4
X
LBL
4
RCL 5
"RCL 7
| X

| g X<Y
' GTO
0

LBL
B

g

DSZ

' STO 2
' GTO
0

" RCL 1
GTO
2
LBL
C

g
DSZ

' STO 3
' GTO
0

- RCL 1
RCL 2

X
GTO
3
LBL

1

Bm

i
e ——

T e i e A W T Y Y T R e

EE 1-19A 129
CODE% KEYS
14 | D
35 g
83 DSZ
33 04 STO4
22 | GTO
00 O
34 01 RCL1
34 02 | RCL 2
71 ' x
34 03  RCL 3
11T | x
22  GTO
04 4
23 | LBL
15 | E
35 | g
83 | DSZ
33 05 | STO5
22 | GTO
00 O
34 01 RCL 1
34 02 RCL2
71 | x
34 03 | RCL 3
71 | X
34 04 | RCL 4
71 | X
34 07 | RCL 7
81 | +
35 01 | NOP
R, temporary |
Rg  .72,DSZ |
Rg |

el e e e = TR TR T AT




130 EE 1-20A(1) EE 1-20A(2) 131

— e e o e R Y R Ry e

1
| .
_—
REED RELAY DESIGN (CARD 1) REED RELAY DESIGN (CARD 2)
1 . I .
| | * . . . 1 .f
CODE KEYS | |CODE KEYS | |CODE KEYS - CODE KEYS | |CODE KEYS | |CODE KEYS |
i = | )  EENNN—————— _......._.... : — E
| gg : | | Jz 12 35 08 g R 23 LBL | g1 + |
o5 35 g 81 = - q | 71 x 14 D 01 1
[ ol |06 ABS 133 07 |STO 7 ] 83 - 83 - 43  EEX
33 07 | s | [33 01 ]STO 134 06 RCL 6 ' 05 5 02 2 03 3
X STO7 | | 44 CLX 34 02 |RCL 2 E ] 61 + 03 3 71 x
- ﬂg 0 |34 02 |RCL2 34 03 |RCL 3 F. 31 f 01 1 84 R/S
Y 2}?8 |39 24 fax>y 61 '+ 83 INT 02 2 23  LBL
23  LBL i 534 gf I.:ECL / 33 02 STO 2 E q 33 01 STO 1 34 01  RCL1 i 15 | E
| |~ _ 81 |+ 00 O 71  x 21 | DSP
11 A | | 35 g 02 2 | | 1 | _
35 g | 06 ABS | 83 | |
| | | | - 23 LBL 07 LN | 02 2
8 bsz 1 13302 sTO2 | 06 |6 - 13 C | 83 - 134 04 RCL4
E33 331 STO 1 : | 44 CLX f 43 'EEX | 271  DSP 00 O e 01 1
23 o R/S ] 34 03 | RCL 3 | 05 5 ‘ g3 - 04 4 ] 83 -
o STO 4 35 24 | gx>y || 71 | x E j 00 O 09 9 ! 01 1
23 EéSL ke g netr o] 02 2 34 01 RCL1 06 6 I Y A
g | 83 - 83 - 71 x ' 134 08 RCLS
12 B | | 35 |g J 03 '3 ‘ ' | £
| | | 02 2 01 1 | 81 =
35 g ’ 06 ABS | 085 5 E 'j | |
| ] 02 2 02 2 134 03 RCL3
8 DSz | 13303 STO3 | | 06 6 09 9 43 EEX | | 71 x
3302 STO2 | 13406 RCLE | | 02 2 71 x 03 3 | 84 R/S
' 84 R/S | 84 R/S ' 134 04 RCL4 E ':' 32 f! 81 = |34 05 RCL5
33 gi’ gg’ > | 23 | LBL 71 X 07 LN 34 08 RCL8 | | 83 -
| 15 'E 81 |+ 08 8 71 x | 03
23 | LBL 01 1 31 f j 5_
. ] 83 * 35 g ; 11
;g C gg 08 STOS8 07 LN E I 05 5 02 = 134 08 RCLS8
J 08 gRJ 04 4 07 7 71 x 81 =
o3 on |22 24 RTN a1 B 71 x 34 02 RCL2 | |34 03 RCL3
ai ST03 23 | LBL 00 |0 34 07 RCL7 71 x 7
R/S 14 D 84 R/S 71 x 33 03 STO3 84 R/S
33 gg >TO 6 34 02 ' RCL 2 - E :' 33 08 STOS8 84 R/S o
U 34 03 RCL3 N 4 01 4 RCL 6
o RO st Ve ws | omr
24 g x>y 34 01 RCL 1 24
08 RCLS8 09 x
34 07 RCL7 71 x 5 ._’ 84 R/S 34 03 RCL3
: . |
R1 L, WS Ry Smax R7 A F = ’ R, L, WS R4 Smax R; A
2 0D,0D+ID Rs Smin Rs T, DSZ R> oD+I1D Rs Srmin Rs T
R3 1D HE \/ Hg Used ; ’ R3 ED, F{C Hﬁ \ Rg
- |
—



132 EE1-21A

IMPEDANCE OF TRANSMISSION LINE

CODE KEYS

01 1

33 01 STO 1
01 1
03 3
08 | 8
83 -

00 O
06 6
33 04
84 R/S
23  LBL
11 A
35 ¢
83  DSZ
33 02
84 R/S
33 01
84 R/S
23  LBL
12 B
33 03
84 R/S
23  LBL
13 C
35 g
83 | DSZ
22  GTO
01 | 1
34 02
04 4
71 x
23 LBL
00 O
34 03
81

CODE KEYS CODE KEYS
31 f 09 x
08 LOG 81 |+

34 04 RCL4 84 R/S
71 x 23 | LBL

34 01 RCL1 16 | E
31 | f 01 |1
09 /x 33 08 STO 8
81 =+ 35 08 | g R!
84 R/S 84 | R/S
23 | LBL 35 01 | g NOP
01 | 1 35 01 | g NOP

34 02 RCL?2 35 01 | g NOP
22 | GTO 35 01 | g NOP
00 O 35 01 | g NOP
23 | LBL 35 01 | g NOP
14 | D 35 01 | g NOP

34 02 RCL2 35 01 | g NOP

34 03 | RCL3 35 01 | g NOP
81 | - 35 01 g NOP
41 | 1 35 01 g NOP
41 | 1t 35 01 gNOP
71 | x 35 01 g NOP
01 1 35 01 gNOP
51 | — 35 01 g NOP
31 | f 35 01 gNOP
09 v x 35 01 gNOP
61 | + 35 01 gNOP
31 | f 35 01 g NOP
08  LOG 35 01 g NOP

34 04 RCL4 35 01 g NOP
02 2
711 | x
71 | x

34 01 RCL1
| 31  f
138.06 R;
Rs DSZ
R

e i e — — | —— e

o oW w

w

-

—

|11
_a__

EE 1-22A 133
TRANSMISSION LINE
IMPEDANCE TRANSFORMATION
CODE  KEYS | |CODE KEYS | |CODE KEYS
32 ! 08 8 71 | x
51  SF 1 03 3 34 02 RCL?2
84 | R/S 43 EEX 35 00 | gLST X
23 | LBL 42 CHS 71 | x
11 A 08 8 35 00 | g LST X
32 f 71 | x 35 09 | g Rt
61 TF 1 34 04 RCL4 71 | x
33 02 STO 2 81 =+ 35 07 | g x<y
84 R/S 33 05 STO5 35 00 | g LST X
33 01 STO 1 22 | GTO 61 | +
22 | GTO 00 | O 35 07 | gx2y
00 O 23  LBL 34 02 RCL?2
23 LBL 14 D 35 07 | g x2y
12 B 32 ! 51 | —
32 ! 61 TF 1 |35 07 | g x2y
61  TF 1 33 07 STO7 34 08 RCLS8
33 04 STO4 84 R/S 31 | f
84 | R/S 33 06 STOG6 01 | R—P
33 03  STO 3 22 | GTO 35 07 | g x2y
22  GTO 00 O 35 09 | g Rt
00 O 23 | LBL 35 09 gRt?
23  LBL 15 | E 31 | f
13 C 31 | f 01  R-P
32 f! 51 | SF 1 35 08 gRI!
61 | TF 1 84 | R/S 51 | —
33 05 | STO5 23 | LBL 35 07 | g x2y
84 | R/S 15 | E 35 09 gR1
34 01  RCL1 34 06 RCLG 81 |+
34 03 RCL3 34 07 RCL7 34 02 | RCL 2
71 x 32  f7! 71 | x
01 1 01  R-P
83 | - 33 08 STO 8
02 2 34 05 RCL5
00 O 31 | f
00 | O 06 TAN
Ry f Ry v %R7 MAGI[Z]
R2 Zo Rs Y Rg Used
Ra ! Re  ANGI(Z] Ro Used




134

CODE

33

33

33

- 33

F 33

34

34

34

EE 1-23A

00
08
84
23
11
35
83
02
24
01
24
23
12
35
83
04
24
03
24
23
13
05
83
09
08
03
71
01
83
08
71
02
61
81

31

MICROSTRIP THANSMISSION LINE
KEYS j

0

STO 8
R/S
LBL

e e T S —

i —— ————— P ETE

e ——

U e R v

CODE KEYS

e

34

35

07
08
07
71
04
01
83
04
01

61

31

09
81

24
23
14

LN

8
7
X
RCL 4
1

4
1

+

f

Vx

RTN
LBL

83 | -

04
07

05

04
1
83
06
07
61
31
09
01

83
00
01

07
71

e

T T o e e e e A L i o .

'35

35

|35

‘CODE KEYS

1|.|-.- S

83
24
01
83
03
00
04
08
31

24 |

23

15
01
08

08
24

01

01

01

01
01

999999999

' DSZ
RTN
g NOP

—r—

v

/4

m M M oM ™M mMmomMm ™M M oM Mmoo

T E T EEEEEETEEEEER

EE 1-24A(1)

S"'Y PAHAMETEH CDNVERSION (CARD 1)

CODE

34
- 33

34
33

34

33

- 35

33

34
33
34

33
34
33
35
- 34

| 33
' 35
. 33

34

34
- 34

02
01
03
02
04
03
09
04
34
23
12
06
05
07
06
08
07
09
04
32
01
04
08
08
84
23
13
15
06
02
14
15
07
03
14

KEYS

RCL 2
STO 1
RCL 3
STO 2
RCL 4
STO 3
g RT
STO 4
R/S
LBL

B

RCL 6
STO 5
RCL 7
STO 6
RCL 8
STO 7
g RT
RCL 4
§-1
R—P
STO 4
g R{
STO 8
R/S
LBL
C

E
RCL 6
RCL 2

RCL /

RCL 3

D

R1 Re [s),]
R» temporary
Ra temporary

CODE KEYSM%

34
34

34

- 34
34
34

34
;_34

34
34

- 34
34

34

34

23
15
05
04
01
61
71
08
01
01
61
71
61
02
07
71
51
06
03
71
51
0
0
a-
04
01
61
71
05
08
71
51
02
03

71

LBL

E
RCL 5
RCL 4

I
Rs
Re

Im [51]]

I

1.

—

temporary

135

=SS e e .H.u.-u-..-n_-_—-n.u—a.-.u-a.i

e — =

o1
34 06
34 07
71
61
31
01
35 07
24
23
14
31

84

e r—

01
<
01

84
24

R e NIL TR LN T R R R

R, tempnrary

CODE  KEYS |

01
35 09
| 81
| 02
71i

35 08
35 07
51
01
42
32

35 08 |

RCLG
RCL 7

X
+

f
R—>P

g X2y
RTN

LBL

R/S
RTN

HB Im [SzzJ

L T e R e —

il S = - —— e s

|

Rg temporary, £ 1 |



136  EE 1-24A(2)

SZY PARAMETER CONVERSION (CARD 2)

EE 1-25A

137

POWER SUPPLY RECTIFIER CIRCUITS

CODE KEYS | [cope! kevs | [cope " KEYS 'CODE KEYS | |CODE KEYS | |CODE KEYS
33 | STO 15 | E 81 |+ B '_ 01 1 23  LBL
09 ' 9 34 05 RCLS5 84 | R/S 43 REG | |33 08 STOS 01 1
35 07 | gx2y 34 | RCL 35 07  gx2y 84 R/S 13508 gRJ 34 06 RCL6
34 02 RCL 2 09 | 34 02 | RCL 2 23 LBL | | 84 R/S 02 1 2
34 03 RCL 3 42 | CHS 51 | — 1 A | 23  LBL AR
71 | x 34 04 | RCL 4 01 | 1 35 g 14 D 35 | g
34 06 | RCL 6 51 | — 32 | ! 83 DSz | |34 01 RCLT 02 | m
34 07 RCL7 71 | x 01 | R—>P 33 02 STO2 | 02 2 81 |+
71 | x 34 08 | RCL 8 31 | ¢ 84 R/S ol 31 f 35 00 g LST X
51 - 34 | RCL 01 | R—P 3301 STO1 | | 09 Vx 34 03 RCL3
34 02| RCL 2 09 | 9 35 08 | g R} 84 RIS | | 71 |x 71 | x
34 07 | RCL 7 34 01 | RCL 1 84 | R/S 23 LBL | | 3306 STO®6 41 | 1
71| x 51 | — 24 | RTN 12 B . |34 06 RCL®6 71 | x
34 03| RCL 2 71 | x 35 01 | g NOP 35 g 34 05 RCL5 01 | 1
35 09 | g Rt 61 | + 35 01 | g NOP 83 DSZ 03 3 02 12
33 03| STO 3 34 07 | RCL 7 35 01 | g NOP 33 04 STO4 356 23  gx=y 34 02 RCL?2
35 08  gR/| 61  + 35 01 | g NOP 84 R/S 22  GTO 71 x
34 06 | RCL 6 | ; 34 | RCL 35 01 | g NOP 33 03 STO3 01 | 1 71 | x
71| x 09 | 9 35 01 | g NOP 84 R/S | 3508 gRJ 34 07 | RCL7
61 | + 34 01 | RCL 1 |35 01 g NOP 23 LBL 81 | + 71 | x
33 07 STO 7 51 | — 35 01 | g NOP 13 C 34 02 RCL 2 81 | +
35 07 | g x2y 34 | RCL 35 01  gNOP 33 05 STO5 81 =+ 23 | LBL
33 06 | STO 6 09 | 9 35 01 | g NOP 34 04 RCL4 34 03 RCL 3 02 2
34 | RCL 34 04 | RCL 4 35 01 | g NOP 06 6 81|+ 35 g
09 9 61  + 35 01 | g NOP 81 =+ 34 04 RCL4 83 | DSZ
33 02/ STO 2 71 | x 35 01 | g NOP 35 g | 81 | + 35 01 | gNOP
01 ] 34 05 | RCL5 35 01  gNOP 02 33 STO 84 R/S
33 STO 34 08 ' RCL 8 35 01 | g NOP 81 =+ 09 9 35 07 | g x2y
09 | 9 71| x 35 01 | g NOP 34 03 RCL3 02 2 84 | R/S
15 E 61  + 35 01 | g NOP 81 = 81 | + 35 01 | gNOQP
01| 1 34 06 RCL 6 | 33 07 STO 7 . B1 | —
42 CHS 61 | + 34 05 RCL5 34  RCL
33 | STO 31 f 84 R/S 09 9
09 9 01 | R—P 23 LBL 22 GTO
23 | LBL 34 03 RCL 3 15 E 02 2
Mo Relsnl  Ra Relo,] Ry emporary P v e R R wworL
B2 temporay  Bs  im(s,]  Re im ) R ¢ Rs  Type  Rg DSz
"3 temporary  |Re temporary  'Rg temporary, + 1 | Ra P Re  v2v Rg _ Temporary




138 EE 1-26A EE 1-27A 139

CONTROLLED RECTIFIER CIRCUITS

INTEGRATED CIRCUIT CURRENT SOURCE

CODE KEYS CODE | KEYS CODE KEYS 'CODE KEYS | | CODE KEYS CODE KEYS
35 g 83 | DSZ 35 00 g LST X 31 f 07 7 35 01 g NOP
41 DEG 33 03 STO 3 51 — 42 STK | 03 3 35 01 | g NOP
31 f 24 RTN 35 g | 31§ | 61  + 35 01 g NOP
43 | REG 34 01 RCL 1 02 | 43 REG | | 71 «x 135 01 gNOP
84 R/S 14 | D 33 08 | STO 8 84 R/S | | 3402 RCL2 35 01 g NOP
23 LBL 71 | x 02 2 23 LBL | | 81 = 35 01 g NOP
11 A 24  RTN 71 x 11 A | 08 8 35 01 | g NOP
35 g 23 LBL 61 | + 3301 sTO1 | | 83 - 35 01 g NOP
83 DSZ 14 D 35 00 g LSTX | 84 R/S L 06 6 35 01 g NOP

33 01 STO 1 01 | 1 02 2 23 LBL | | 02 2 35 01 g NOP
24 RTN 34 02 | RCL 2 71 | x 12 B | 05 5 35 01 g NOP

34 03 RCL3 31 f 35 07 gx2y 33 02 STO2 | 43 | EEX 35 01 | g NOP
14 D 05 COS 81 |+ 84 R/S 42 CHS 35 01 g NOP
81 | + 61 | + 31 | f 23 LBL . 05 5 35 01 g NOP
24 | RTN 35 g 09 | vV/x 13 C 71 x 35 01 g NOP
23 | LBL 02 = | 81 = 33 03 STO3 | 84  R/S 35 01 | g NOP
12 B 81 + 35 g 84 R/S 35 01 g NOP 35 01 | g NOP
35 g 24 | RTN 41 | DEG 23 LBL | | 3501 gNOP 35 01 g NOP
83 DSZ 23 | LBL 84 | R/S 14 D | 35 01 gNOP 35 01 g NOP

33 02 | STO 2 15 E 09 9 13304 STO4 | | 3501 gNOP 35 01 | g NOP
24  RTN 01 1 00 O 84 R/S 35 01 gNOP 35 01 | g NOP

34 03 RCL3 33 08 | STO 8 34 02 RCL2 23 LBL | | 3501 gNOP 35 01 g NOP

34 01 RCL1 84 | R/S 35 22 | g x<y 15 E | 3501 | gNOP 35 01 g NOP
81 =+ 34 01 RCL 1 35 01 g NOP 1 3404 RCL4 | | 3501 gNOP 35 01 g NOP
35 g 34 02 RCL 2 35 07 g xy 83 - ' 35 01 gNOP 35 01 | g NOP
02 | 35 | g 31 f 06 6 35 01 g NOP 35 01 g NOP
71 | x 02 = 04  SIN R 3501 gNOP 35 01 g NOP
01 1 71 | x 34 01 | RCL 1 3403 RCL3 | | 3501 gNOP 35 01 | g NOP
51 — 09 9 | 71 | x 81 = | 3501 gNOP 35 01 | g NOP
32 f7! 00 | O 84 | R/S | 34 02 RCL?2 35 01 g NOP 35 01 g NOP
05  COS 81  + - 81 = 35 01 g NOP
24 | RTN 35 g 31 f 35 01 gNOP
23 LBL 42 RAD | 07 LN | 35 01 gNOP
13 C 31 f 34 01 RCL 1 35 01 gNOP
35 g 04 SIN 02 2 | 35 01 gNOP

M B R R " T Ra Ve Ry

R, o R Rg DSZ R> | Rs Rs

Hs_ VAvVE Res Rg Used Rj R, Re Rg




140 EE 1-28A
TRANSISTOR BIAS
CODE KEYS | |CODE KEYS | |CODE KEYS
21 | DSP 22 | GTO 34 06 RCL6
02 2 00 O 61 |+
31 f 34 06 RCL6 71 | x
42 STK 34 01 | RCL 1 22 | GTO
23 LBL l 81 | + 02 2
00 O 34 04 | RCL 4 23 | LBL
32 7! 71 x i 15 | E
51  SF 1 83 | - 31  f
24 | RTN 06 6 51 | SF 1
84 | R/S 51 | — ' 84 | R/S
23 | LBL 34 05 | RCL 5 23 | LBL
11| A 71 | x 01 | 1
32 | 1 23 | LBL 33 07 | STO 7
61  TF 1 02 2 34 01 | RCL 1
33 02  STO 2 34 05 RCLS5 34 02 RCL?2 ‘
22  GTO 01 1 71 | x
01 1 61 | + 34 01 | RCL 1
35 07  gx2dy 34 03 | RCL3 | 34 02  RCL 2
33 01 | STO 1 71 | x 61 |+
22 | GTO 34 06 RCL6 00 O
01 | 1 61  + 35 23 | g x=y
23 | LBL 81 = 134 07 | RCL 7
12 | B 22 | GTO 22  GTO '
32 | f1 00 O 00 O
61  TF 1 23 | LBL 61 | +
33 04 STO4 14 D 61 | +
84 R/S 34 05 RCL5 81 | +
33 03 STO 3 31 | f 33 06 STO6
22 | GTO 61 | TF 1 34 07 | RCL 7
01| 1 22 | GTO 35 01 | gNOP
23 | LBL 02 | 2
13| C 13/ C
31 | f 34 05 RCL5
61 TF 1 81 | =
33 05 STOS5 34 03  RCL 3
R; R, Rs Ve !H:r Used
R R, Rs g Rg
R, R, Rs Rg Rg Used

EE 1-

29A 141

JFET BIAS AND TRANSCONDUCTANCE

: I
CODE | KEYS CODE KEYS CODE KEYS
21| DSP 21  DSP 23  LBL
02 2 03 3 02 2
44 CLX 24 | RTN 15 | E
84 R/S 23 | LBL 13| C
23 LBL 01| 1 34 01 | RCL 1
1 A 15 E 81 | =
35 g 13 C 01 | 1
83 DSZ 34 01  RCL1 51 | —
33 02 STO?2 81 | =+ 02 | 2
84 R/S 01 | 1 71 | x
33 01 STO1 51 | — | 34 02 | RCL 2
84 R/S 02 2 71 | x
23 LBL 71 | x 34 01| RCL 1
12 B 34 02 RCL 2 81 =+
35 g 71 | x 34 04 RCL4
83 DSZ 34 01 | RCL 1 35 07 | g x2y
33 04| STO 4 81 =+ | 81|+
84 | R/S 21 | DSP 35 | g
33 03 STO 3 03| 3 06 | ABS
84 R/S 84 | R/S 21 DSP
23 LBL 23 | LBL 83 | -
13 C 14 | D 00 | O
35 g 35 g 84 | R/S
83 DSZ 83 DSZ 23 | LBL
22 GTO | 22 | GTO 15 E
0111 | 02| 2 01 1
01 1 15 E 33 08  STO 8
34 03 RCL3 13 C 35 08 | g R
34 02 RCL 2 34 03 RCL3 24 | RTN
81 = 81| + 35 01 | g NOP
31 f 42 | CHS |
09 +/x | 21 DsP
51 | — 83 -
34 01 RCL 1 00 0
7 X ; ! 84: RIJS
- - . . | |
rﬁ; Vp R4 Ay R7
R> Ipss Rs Rg DSZ
Ra 1o Re Rq o
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142 EE 1-30A E
PHASE—LOCKED LOOP FOURIER SERIES
' e e — - : !
CODE KEYS CODE KEYS CODE KEYS 2 /CODE KEYS | |CODE KEYS CODE | KEYS
00 | 0 7| 24 RTN 35 g 02 2 24 | RTN
33 08  STO 8 34 01 RCL1 23 LBL E 42 RAD | | 15 E 23 | LBL
84 R/S 35 | g 16 | E | 31 f L 33 STO 15 E
23 LBL 04 | '/x 35 g 43 REG | | 61 |+ 44 | CLX
11 A 61 | + 83 DSZ | .~ 3/st0 | | 022 34 08 | RCLS8
35 g 71 x 22 GTO Ei 09 9 | 15 E 42 | CHS
83 DSZ 33 06 STO6 01 1 24 RTN | | 33 STO 35 | g
33 02 | STO 2 35 g 34 05 RCL5 23 LBL | | 61 4 83 | DSZ
84 R/S 83  DSZ 34 06 RCL6 E 12 B | 033 35 07 | g x2y
33 01 STO1 24 | RTN 4111 | 42 CHS | | 15 E 71 | x
84 R/S 35 01 | gNOP 41 | 1 3308 STO8 | | 33 STO 35 00 | g LST X
23  LBL 34 05 | RCL5 04 | 4 E 01 1 | 61  + 35 07 | g x2y
12 B 24 RTN 71 x 3307 STO7 | | 044 34 | RCL
36 g 23 | LBL 35 | g 24 RIN | | 15 E 09 |9
83 DSZ 14 D 04 | '/ E 23 LBL | | 33 STO 35 08 gR!
33 04 STO4 34 01 RCL 1 61 |+ ' 13 C | ; 61  + 23 | LBL
84 R/S 34 02 RCL2 71 | x | 3 RCL | | 05 5 01 | 1
33 03 STO 3 34 04 | RCL 4 02 2 09 9 ] 15 E 31 | f
84 R/S 71 | x 81 |+ B 81 = | 3 sT0 05 | COS
23 LBL 81 + 84  R/S 36 07 gx2y | | 61 4 35 09 | g Rt
13| C 31 f 23 | LBL , 13500 gLSTX | | 06 6 33 | STO
3401 RCL1 | | 09 vix 01 1 = |8 || R - o
34 02 RCL?2 133 05 STO5 01 1 | 022 o 02 2 44 | CLX
34 03 | RCL3 |02 2 33 08 STOS8 L7 X | o066 61 | +
61  + | 81 =+ 35 08 gRI E 35 g | | 31 | f 35 09 | g Rt
34 04 RCLA4 34 04 RCL4 84 R/S 02 m | 81| TF1 71 | x
71 x 34 03 RCL3 | 3501 gNOP T X || 44| CLX 02 | 2
81  + 71 | x | /3501 gNOP E | I L L 01 71 | x
31 f 71 x | |35 01 gNOP - 15 E .| 33/sTO 24 | RTN
09 /x 3306 STO6 | |35 01 gNOP 33 sT0 | | 61 + 35 01 | g NOP
33 05 STO5 35 g . 61 + | 08 8
02 2 83  DSZ 3 01 1 134 07 RCL7
81 ~ .24 RTN 31 f 01 1
34 03 RCL3 1 35 01 gNOP | 61 TF1 | | 61 +
34 04 RCL4 134 05 RCLS5 E 22 GTO | 3307 STO7
R G Rs  C R, gy - R ¢ Rs Ca R; K
Rz R Rs W Rs DSz | Rz ¢ Rs Cs Rs )]
R R, Reg { Ry E_ Rs C3 Re ¢  Re N
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DECIBEL CONVERSION VOLTAGE TO dBm
CODE| KEYS | |CODE| KEYS | |CODE| KEYS CODE KEYS | |CODE KEYS | |CODE| KEYS
23 LBL 81|+ 35 01 4 g NOP 23 LBL 34 01  RCL1 35 01 g NOP
1 A 31| f 35 01 | g NOP 11 A | 71 | x 35 01 g NOP
35 g 08 | LOG 35 01 | g NOP 35 | g | a9 |§ 35 01 | g NOP
83 DSZ 01| 1 35 01 | g NOP 83 DSZ | 09  Vx 35 01 g NOP
33 021 SVe i i 35 03 | AN 33 01 STO1 84  R/S 35 01 g NOP
84 R/S 71| x 35 01 g NOP 84 R/S 23  LBL 35 01 | gNOP
33 01 STO 1 84 R/S 35 01 | g NOP 03 3 13 C 35 01 | g NOP
84 RI/S 23 | LBL 35 01 g NOP 00 O 35 g 35 01 | g NOP
23 LBL 14| D 35 01 gNOP 34 03 RCL3 83 | DSZ 35 01 g NOP
12! B 01 1 35 01 | gNOP 51 — | 13303 STO3 35 01 | g NOP
35 g 00| O 35 01 | gNOP 01 1 84  R/S 35 01 | g NOP
83 DSZ 81| + 35 01 | gNOP 00 O 34 02  RCL?2 35 01 | g NOP
33 04 STO4 32| f! 35 01 | g NOP 81 | = 21 1 35 01 | g NOP
84| R/S 08 LOG 35 01 | g NOP 32 | ! 71 | x 35 01 | g NOP
33 03 STO 3 31| f 35 01| g NOP 08 LOG 34 01  RCL 1 35 01 | g NOP
84! R/S 09 | Vx 35 01 g NOP 34 02 RCL?2 81 |+ 35 01 g NOP
23| LBL 35 g 35 01| gNOP a1 1 31 | f 35 01 | g NOP
13 C 83 | DSZ 35 01| g NOP 71 | x 08 LOG 35 01 | g NOP
36 g 35 00| g LST X 35 01 g NOP 71 x 03 3 35 01 gNOP
83 DSZ 84 | R/S 35 01 | gNOP 84 | R/S 61 | + 35 01 | g NOP
22 GTO 84 R/S 35 01 g NOP 23  LBL 01 | 1 35 01 | g NOP
00 O 23| LBL 35 01| g NOP 12 B 00 O 35 01 | g NOP
34 03| RCL3 15 E 35 01 | gNOP 35 g 71 | x 35 01 | g NOP
34 01 RCL1 01/ 1 35 01| g NOP 83 DSZ 84 | R/S 35 01 | g NOP
81 =+ 33 08| STOS8 35 01| g NOP 33 02 STO2 23 | LBL 35 01 g NOP
31 f 35 08| g R! 35 01 g NOP 84 R/S 15 | E 35 01 | g NOP
08 LOG 84 R/S 35 01 | g NOP 34 03 | RCL3 01 1 35 01 g NOP
02| 2 35 01 gNOP 35 01 gNOP 03 3 | 33 08 STO8 35 01 g NOP
00 0 35 01| g NOP 35 01| gNOP 00 O | 84 | R/S 35 01 | g NOP
71 X 35 01! g NOP 35 01| gNOP 51 | — 35 01 | g NOP 35 01 | g NOP
84 R/S 35 01| g NOP 01 1 35 01 | g NOP
23 LBL 35 01| gNOP 00 O 35 01 | g NOP
00 O 35 01 gNOP 81 + 35 01 g NOP
34 04 RCL4 35 01 gNOP 32 ! 35 01 | gNOP
34 02 RCL2 35 01 gNOP 08 ' LOG 35 01 | gNOP
R Vi R4 P, R; R Z Ra4 R;
R, P, Rs Rg DSZ R vV Rsg ;LRE DSZ
'R; V, Rs Rs R  dBm Rs Ro
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WIRE TABLES Al AND ANNEALED Cu

HEAT SINKS
|
CODE | KEYS CODEE KEYS CODE | KEYS CODE . KEYS CODE KEYS CODE KEYS
23 | LBL 83 | - 03 '3 7 T osp | 0 0 83 |
11 A 00 0 71 1x 04 4 35 g 08 8
21 | DSP 00 0 24 | RTN 31 ¢ 83 DSZ 71 |x
83 | - 00 0O 23 | LBL 22 | ReG 2 | GT0 03 |3
00 | O 09 9 14 |D 84 R/S 01 1 02 2
33 01 | STO 1 02 |2 13 |C 23 LBL 33 05 STO5 61  +
01 1 00 |0 34 02 RCL2 1 A 84 | R/S 84 R/S
00 0 03 3 35 07 gx2y 35 g 23 | LBL 23 | LBL
07 | 7 34 01 | RCL 1 s 33 02 STO?2 33 06 STOG6 34  RCL
01 1 24 | RTN g i 84 R/S 34 05 | RCL 5 09 9
M g el i g o 33 01  STO 1 71 | x 34 01 | RCL 1
i 15 st 3 s 84  R/S 83 | - 61 | +
00 O 21 | DSP 15 | & 23 | LBL 04 4 34 02  RCL?2
00 O 03 | 3 13 |C 12 B 07 | 7 81 | +
03 3 83 | - 8T 47 35 | g 02 | 2 34 03 RCL 3
00 0 04 | 4 71 |x 83 | DSZ 42  CHS 71 | x
02 2 06 |6 34 03 |RCL 3 33 04 | STO 4 35 | g 34 04 | RCL 4
09 9 a1 1 ¢4 | RIN 33 03 STO 3 07 7 33 07 | STO 7
33 03 STO3 83 | - 35 01 | g NOP 81 | R/S 08 8 84 | R/S
34 01 RCL 1 00 0 35 01 | g NOP 23 | LBL 83 | - 23 | LBL
24 RTN 00 O 35 01 g NOP 13 C 05 5 15 | E
23 | LBL 05 5 35 01 | g NOP 0 o 09 | 9 01 |1
12 B 81 |+ 35 01 | 9 NOP 35 07 | g X<y 71T | x 33 08 STOS8
21 | DSP 34 01 | RCL 1 35 01 | g NOP 35 24 g x>y 33 | STO 35 08 | g R/
83 - 03 | 3 35 01 g NOP 22  GTO 09 9 84 | R/S
00 O 61 | + 35 01 | g NOP 00 O 84 | R/S 35 01 | g NOP
33 01 | STO 1 03 3 35 01 | g NOP 02 2 23 | LBL 35 01 g NOP
01 1 09 |9 35 01 | g NOP 83 - 14 D 35 01 | g NOP
07 7 81 | + 05 & 35 g
00 O 35 g 04 4 83 DSz
00 O 05 | y* 42 CHS 22  GTO
02 2 81 | + 71 x 02 2
33 02 STO?2 43 | EEX 23 | LBL 01 1
| | |
Ri  AWG Ra R Ry 0sc Rq TA Yy T
R2 Resistivity Rs Re R, fcs Rs ! Rg DSZ
R Density RE HB R3 Py Ra h _?RB Osa




Scan Copyright ©
The Museum of HP Calculators
www.hpmuseum.org

Original content used with permission.

Thank you for supporting the Museum of HP
Calculators by purchasing this Scan!

Please to not make copies of this scan or
make it available on file sharing services.



