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Introduction 3

INTRODUCTION

Programs for the HP-65 Electrical Engineering Pac I 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
booklet 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
Electrical Engineering Pac I a useful tool, and we welcome your
comments, suggestions, and Users’ Library program contributions.



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[9], [+] (decimal point), [EEX] (enter exponent),
and (change sign).

The KEYS column specifies the keys to be pressed. All other
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 | palNPuT | xers DATA/UNITS
1| Enter program ‘ | | |
2 | Initialize Crin [ ris | 0.0000 x 10°
3 Elnputs E_j[:]
| Inputimpedance 2o [ellal
Output impedance Cze Al
| Freauency o e e
" Qualty factor o el
4 | Outpurs ' I
" input capscitor ‘ [eldlcl o
Output capacitor “ L_C—__H____j C:. F
75 T Recall inputs (optional) 3 [_—_—][j
I Input impedance Ecﬂ[j 2,0
? Output impedance ’ ‘LIC_Q' 2.9
7 41 Frequency ' [IJ f, Hz
. : Quality factor EZ] Q
6 T‘ For new case, return to step 3. [j[::]
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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 registers, 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 pressing [GIf],
EA. 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 [@ as a shift key to double the functions of the
remaining four keys. The data may be input in arbitrary 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 stored 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

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.
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REACTANCE CHART
REACTANCE CHART EE 1-01A
@ co L® CALC §f * 59

This program provides a means of determining the missing value in
the relation

where
f = resonant frequency in hertz
L = inductance in henrys
C = capacitance in farads

when any two values are known. It can also be used to find the
reactance of an element at a given frequency:

1

Xe=5rtc

XL= 27 fL

where X = capacitive reactance in

X, = inductive reactance in

Examples:

1. C=100pF
f=100 MHz
Calculate L =25.33 nH (2.5330 x 107%)
Xc = -15.915 Q (~1.5915 x 10')

2. L=25H
f=60 Hz
Calculate C =2.8145 uF (2.8145 x 107%)
X;, = 942.48 Q (9.4248 x 10?)

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



4 Compute unknown
Frequency

Capacitance

Inductance

Capacitive reactance”

Inductive reactance

5 Recall inputs

Frequency

Capacitance

Inductance

6 Change appropriate inputs or

EE 1-01A 9
STEP INSTRUCTIONS DATAINITS KEYS TD T
1 | Enter program | [:]E
2 | Initialize ] 14‘ """ T
3 Input knowns (;’y 27)777 7 I | 1 B
Frequ;mcy”‘ - +‘ FHT
Capaciti;r;t;e | (; ;
Ay}lr:ciuctance - . 7LH

RCL ]

f, Hz
L H

go to 2 for new case.

The desired frequency must be

input in step 3.




10 EE 1-02A

SERIES RESONANT CIRCUIT

SERIES RESONANT CIRCUIT EE 1-02A
Rs@ C@ f’ ANG [Z] @

Rp®@ L® f® MAG (2] + [

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.

z— Rp c
o e M T

The input impedance is given by

2 1)
;- Rp<s AT g (- LOFiRC
— Bp
32+Rs+Rp ca L (1-w?LC)+j (R +R,) Cw
L LC
where
s = j2af=jw

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

= inductance in henrys

~ o og 7™
[

= resistance in ohms
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The magnitude and angle of Z are

[ (1 _w2LC)2 + RS2C2w2 ]‘/z

MAG[Z]=
2l [(1 - w?LC)? + (R, + R,)? C2w?] %

R,Cw (R +R,) Cw
R — - tan_1 —_—
1 —w?LC l1-w?LC

ANG[Z] =tan™!

The resonant frequency is

Notes:

1.

When MAG[Z] or ANG[Z] has been computed, the other
may be displayed by pressing [9] [x2Y] .

Be sure that DEG mode is selected.
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Examples:

1. R, = 10,000 2
R, =18
C = 100 pF
L =1uH
Calculate

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

f,Hz MAG|Z], ANGIZ], degrees
1 MHz 1565.56 -80.96
15 MHz 11.90 -85.11
16 MHz 1.46 46.64
100 MHz 611.20 86.40
2. R, = 10%
R, =0
C = .159155
L = .159155
Calculate

f, = 1.0 Hz(1.00 x 10°)

f, Hz MAG[Z], 2 ANGIJZ], degrees
0.5 1.50 x 10° 2.70 x 102
1 7.16 x 1077 9.00 x 10*
1.5 8.33x 107! 9.00 x 10!
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STEP INSTRUCTIONS DATA/UNITS DATA/UNITS
1 Enter program
2 | Initialize o
3 Input values R - 7 ]
Series resistor Rs, 2
Parallel resistor i ‘l‘?i:, Q
Capacitor - C F
Inductor | L. H
] Frequency o ‘ f, Hz
4 Select desired outputs
Resonant frequency f., Hz
Magnitude of impedance MAG(Z], 2
| Angle of impedance E{I} ANG([Z], deg.
5 Recall inputs (optional) :]E
(ree L1 ] moo
‘ ’ (el 2] mpo
C.F
; RCL |[ 4 | L.H
| (Rec ][5 | e
6 For new case, return to step 3 [:][:]
to enter any new values:" ] [:]E:
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PARALLEL RESONANT CIRCUIT

PARALLEL RESONANT CIRCUIT EE 1-03A
cO® fr ANG [2]
R® L

@ f® MAG[2] *

@

This program computes the input impedance Z and the undamped
natural frequency f; of the parallel resonant circuit shown. At any
desired frequency, the magnitude and phase of Z are calculated and

displayed. A special routine allows automatic incrementation of
frequency as a plotting aid.

o

7= 1 s _ jRLw
C s2+sL+L R(1 - w?LC) +jwL
RC LC
where
s=j2nf =jw

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

f = — —
" 2 IC
The magnitude and angle of Z are

RLw
MAG[Z] = :
171 [R*(1 - w?LC)* + w?L2] "
ANG([Z] = 90° - tan~! — L
R(1 - w?LC)

Notes:

1.

When MAG[Z] or ANG[Z] has been computed, the other
may be displayed by pressing [9] .

Frequency incrementation may be made multiplicative by
changing the programs as follows:

PRESS
SWITCH TO W/PRGM

PRESs S B B33 (9] (oeL] (]

SWITCH TO RUN
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Examples:

1. R=100%
C=100 pF
L=10uH
Calculate

f, = 5.033 MHz (5 032 921.21)

Set up iteration
fo=0,Af=1x10°

f, MHz MAGI[Z], Q@ ANGJZ], degrees
1 54.74 56.81
2 83.07 33.83
3 94.62 18.88
4 98.94 8.34
5 100.00 0.24
6 99.38 -6.38
7 97.82 -11.99
8 95.68 -16.89
9 93.21 -21.24
2. R = 5000 2

C=1uF

L=3 mH

Calculate

f, = 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
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STEP INSTRUCTIONS DATAUNITS KEYS LA S
1 Enter program - l[:”:j B
2 | Initialize
3 | Input values a3 1
- Re  [Aall | ]
] cr (e8]
4 | Compute natural 1]
frequency (optional) EEZ]ﬁ fr’erz— O
5 Input frequency o [__;][:!k }
e [c ]
6 Select desired output a :]:] ‘ o
' ’ "o [ | wmaczl.e
7 - [ € I o | aNcizl,de.
7| For new case, return tostep3 [
8 | Recall inputs (optiona‘l) [ [:”::] ]
(Rt |1 ] ma
7 (Rt |3 | «cF
B (R[] uw
9 (Optional itération) 7 :]:]
Input starting f - fo. Hz o [1_—]
Input incremer:t o Af, see note 2 [I]ﬁ
9a |Branch to LBL 1 ' [eTo ][ 1 |
9b  |Display f es ] ame o
9 |Display MAGIZ] . - [rRs ][ 1 maGlz] Q|
od |Display ANG[Z] [:—_] ANGI(Z], deg.
Repeat 9b, 9¢c, and 9d as desired B [:]:]




18 EE 1-04A

IMPEDANCE OF LADDER NETWORK

IMPEDANCE OF LADDER NETWORK EE 1-04A
Rs Cs Ls N

@

f
Rp Lp Cp Xy

This program computes the input impedance of an arbitrary ladder
network. Elements are added one at a time starting from the right.
The first element must be in parallel.

Suppose we have a network whose input admittance is Y;,. Adding a
shunt R, L, or C, the input admittance becomes

( 1
Yin +(E+j0>

. 1
Ynew =4 Yin+<0"J >
wly

\Ym+(0+ijp)

Adding a series R, L, or C, we have

<Yim + (R, + j0)>

1 . -
Yoew = <—Y~ +(0+jw Ls)>

n

CREES)

The program converts this admittance to an impedance for display.




EE 1-04A 19

Note:

An erroneous entry may be corrected by entering the negative of the
incorrect value.

Examples:
1. f=4MHz
YYyym
o I 2.56uH l
z—> 796 pF 2400 pF § 50Q
o _L I
INPUT N
R, =50 50.00 % 0.00°
Cp = 2400 E—-12 15.74 % -71.66°
Ly =2.56 E-6 49.65 % 84.28°

Cp, =796 E-12 497.69 % 0.98° = 500 % 0
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2. f=(Qmn) !'Hz

Zz—> 1000 H

INPUT

R, = 1000
R = 1000

R, = 2000
L, = 1000

C, = .0005
C, =.0005
R, = 2000

L, =100

L, =-100
L, = 1000

0.0005 F

1000 % 0°
2000 % 0°
1000 % 0°
1414 % 45°
1414 % -45°
894 % -63°
707 % -45°
110% 84°
(input made was an error—see note)

707 % -45°
1000 % 0°
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 | Enter program [:”:]
2 i Initialize @
3 | Input frequency f, H, E 2nf
4 . Input a parallel element ‘ [:{::]
" Parallel resistor Rp. © | T Al ] mAGI(Za)
Parallel inductor LH [ 8| wmaciza) |
Parallel capacitor Cp. F ‘ [:] MAG [Z;] 1
5 ' Input another element
Series resistor Rs, 2 MAG [Z;,]
or Series capacitor Cs, F MAG [Z;,]
or Series inductor Ls, H MAG (Z;,]
| or Parallel resistor Rp. £ [E[: MAG (Z;,]
ior Parallel inductor Lo, H | :] MAG (Z;,]
or Parallel capacitor Cp. F [ c [ ] wmacizn
F 6 ‘Optional output [:|:|
| Angle of Z;, ‘I]l: ANG (Z,]
7 : Return to step 5 to input next E:}
element [:]
8 | Return to step 2 for a new case [:E
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T ATTENUATOR

T ATTENUATOR EE 1-05A
%;% LOSS (db) 2;% Rs® N

=

The T 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 R; which will yield an
attenuator having any desired loss.

R Ra
Z,— R3 -7
O O

The minimum loss in decibels is given by
z, z, Y
Min Loss = 10 log —+ —=1
Z, Z,

Z,>7,

where

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




Note:

be negative.

Examples:

1.

Z,=75Q
Z, =508
Loss=6 dB
Compute

Min Loss = 5.72 dB (5.7195 x 10°)
R, =43.34 Q (4.334 x 10")

R, =1.57 Q(1.5715 x 10°)

R; =81.97 Q2 (8.1973 x 10")

EE 1-05A

23

If the desired loss is less than the minimum loss, R, will

2. Z,=50Q
Z,=50Q
Loss =10 dB
Compute
Min Loss = 0 dB
R, =25.97 2 (2.5975 x 10)
R, = 25.97 Q2 (2.5975 x 10')
R, =35.14 Q (3.5136 x 10)

STEP INSTRUCTIONS DAPUT s | KEYS A
1| Enter program [——] 4
2 | Initialize
3 oputs [—]—

| Source impedance 2o [ el al

Termination impedance 9 Al ] A |
Desired Loss Loss, dB [: Min Loss, dB |
| (1f Min Loss > Desired Loss {:][:] 7 7
enter a new Desired Loss) ——
4 Outpus [ ]
R, | [—_E_} Ri. @
) Lol 0 ma |
Rs ol ] R3,
5 | Recall inputs (optional) :]:]
] (el 1] z.2 |
| (el 2]z
5| For new case change inputs ]
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Pl ATTENUATOR

PI ATTENUATOR EE 1-06A
%;8 LOSS (db) 2‘2% R3® 4 g

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.

The minimum loss in decibels is given by

2
Min Loss = 1011 \/Z/‘+ 2
1n Loss = o e - -
"Wz V7

where Z, =>Z,

If N is the desired loss of the attenuator expressed as a ratio (loss in
dB = 101log N), then

1 7, 2,\ *
P (_1 2)
R =2 (N-1) (T
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Examples:

1. Z,=75%
Z,=50Q
loss = 6 dB
Compute

Min Loss = 5.72 dB (5.7195 x 10°)
R, = 2386.20 £ (2.3862 x 10%)
R, = 86.52 Q2 (8.6517 x 10')

R, =45.75 Q (4.5747 x 10)

2. Z,=50%
Z,=508Q
loss =10 dB

Compute

Min Loss =0 dB

R; =96.25 Q (9.6248 x 10")
R, =96.25 Q (9.6248 x 10")
R; =71.15Q (7.1151 x 10")

[STEP  INSTRUCTIONS DATA/UNITS KEYS DA%LASZ%TTSV ”
.{ 1 Enter program 7 | “
| 2 | Initialize RTN |[ R/s |
' 3 Inputs [
Source impedance Z,,82 E ‘ A
Termination impedance 2,,0 A
Desired loss Loss,d8 | B || | Min Loss, dB |
(If Min Loss > Desired Loss, ‘
enter a new Desired Loss)
4 FOutputs
R, e [ ¢ RiLQ |
R, (ST | I L PP T
R, o | | RuQ |
5 Recall inputs (optional) }
(ReL [ 1] z.a
(Ret ][ 2 | oz |

6 Change inputs in step 3 for

|

|

I

| new case.
—_— -
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WYE-DELTA OR DELTA-WYE TRANSFORMATION

v SHMRIEA W EE1OTAT CONMOME T EEvoTAz
Yol )
Rons™ YXane Riza *fxi23 R x ey ven W

This program converts either of the networks shown into the other.
Values are input as impedances and are converted to admittances for
the T—>n transformation.

VAV Y,Y, -1
Z,=-— 2 Ze=(——~-
Z,+Z2,+Z, Y, +Y,+Y;
Z,Z. Y,Y -1
z7,=_ ot z, =<_13__
Z,+Z,+Z, Y, +tY,+Y;
7,7 Y,Y -1
Z,= _Tath Z, =< 273
Z,+Z,+Z, Y, +tY,+Y,
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.
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/NITS
1 Enter program 1 [:”:
2 | Initialize 1
3 Input impedances E:E:I
R Lall ] 1
X, (s [ ] 2
mY Ry Call ] 2
T X [e L] 3
Re LAl ] 3
Xe e ] ]
or L]
R, (o] 1
Xy Ce ] 2
R, Lo J[ ] 2
Y- X, Ce ] 3
T>1 R, (o [ ] 3
X3 Ce JL_]
4 | Enter program 2 ; C 1
5 | Select conversion ' C 1]
AY or 1T o [ ]
Y-4 or T Ce 1]
6 Output impedances (::] T Ton
l::] Ry orR,
% l:] Rz or Ry
L ] xorx
7 |Forneweaserewmtostent | [ 1]
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MINIMUM-LOSS PAD MATCHING

MINIMUM - LOSS PAD MATCHING EE 1-08A
2@ 2,0 R1 Rz toss &

This program computes resistances R; and R, which will match
resistive impedances Z, and Z, (Z, > Z,). The resulting attenuation
is also computed.

R, ]
e
4—21—> § R2 4—-22—>
|
<
o I S
Z
R, =2, /1--2
1
Z
R2 = 2 —
i
1
Z, Z,
loss = 20 log —+ — =1
Z, Z,
Example:
Z, =1200
Z, =500
Calculate R; =916.52Q
R, =654.65 Q2

loss = 8.73 dB
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STEP INSTRUCTIONS | oaTaumiTs ‘ KEYS DATA/UNITS
1 Enter program [: [:] |
%277 ]nApuitzi - [:[:
Input impedance Z,, ohms [ {IH:] A
] Out;ut impedance N | Z,, ohms ‘ [:J
3 | Outputs o . E[:J ‘
7?;&; resistor ‘:]‘ 7 R},ohms |
e w*g;;m'reﬁs'tor | E][i] R,, ohms ]
B "WA*tt;r:u artri:an . [I] :] ' Loss, dB
4 Re;;ll inputs 4 [:][:: 7 |
R TReL [ 1 ] zy.ohms |
] | [RCL|[ 2 | Z.onms |
*75 F;rr ;]’e"'N case change inputs in ' :] D I

step 2.
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Pl NETWORK IMPEDANCE MATCHING

® |MPE§AN§YA%%H|NG EE 1-09A
R f C
RR® a® G2 L + g

A lossless network is often used to match between two resistive
impedances Z; and Z,, as shown

z— TC1 TC2 -z,
oo o

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:

Xey = 21 R
€17 ' 2nfXey
Z, 1
X = _ Ch= ——M
2" Tz, v 2 2nf Xy
- @+D-1
Z,
Qz z X
XL= ! 1+ 2 L=—L*
Q2+1 QXC2 27Tf

Note: Z,,Z,,and Q must be chosen so that

Z2 (@ +1)>1
z,



Examples:

1.

Z,=500%
Z,=50Q
Q=10

f=4 MHz

Compute

C, =796 pF (7.9577 x 1071°)
C, = 2400 pF (2.4006 x 107°)
L =2.56 uH (2.5639 x 107%)

EE 1-09A 31

2. 2,=759
Z,=50Q
Q=4
f=100 MHz
Compute
C, =849 pF (8.4883 x 107'1)
C, =102.3 pF (1.0232 x 1071?)
L =50.7 nH (5.0657 x 10%)
STEP | INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1| Enter program C_ L]
2 | nivalize ,' 0.0000 x 10°
3| inputs ]
- V_alnpiut iméedancer Z2,,0 EEj
| Output impedance ze [A ]
I Frequency tH: [ E |[ B ]
i Quality factor Q [: .
4 Outputs L]
| Input capacitor . LE—_] C,.F
i Output capacitor (e cur
" Inductor @[: L H
5 | Recall inputs (optional) A[::]:}‘ ]
| Input impedance (reL [ 1] z.@
"~ Output impedance [ReL [ 2] z.2
| Frequency [ReL [ 3 | fHe
| Quality factor I
6 | For new case, return to step 3. [:][::] ]
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BAND PASS FILTER DESIGN

BAND PASS FILTER EE 1-10A1 BAND PASS FILTER DESIGN EE 1-10A2
4 RAf C L .
e e & L - f AdB =

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.

i y o || o- v )
oA-prerbe oy —
2C, 2 2 2C, a
® ) —&— ——
==C %Lb ﬁc_zb 2Lb§ "'“‘CT., 2'-:3
L @ J | — ? ,,,,,, J !. — ; —
o ® o o—e — o
f, - £, 1
a~ Co =
477f1f2R ﬂ(f2 —fl)R
R(f, -f
L= R Ly = (f2 1)
m (f, - f1) 4nff,

Xa _ (‘-’-’ZCaLa -D@a- w2CbLb)
4Xb 4(/.)2C3Lb

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
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Let A = attenuation in dB, then

33

for
Xa X,
0<—, A= 40loge [sinh™*
4Xp 4Xb
for
-1< -2 <0, A=0
Xp
for
X X
2 <-1, A=40loge (cosh-' /- 2
4Xy 4Xy
Note:
Frequency may be plotted logarithmically by changing program 2
as follows:
PRESS (2]

SWITCH TO W/PRGM

PRESS (9] [oEL] [x]

Record modified program on other track of card 2.

SWITCH TO RUN
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Examples:

1. f, =300
f, =3000
R =50
Compute

C, =4.775 uF (4.775 x 107°)
Cp =2.358 uF (2358 x 107°)
L, = 5.895 mH (5.895 x 1073)
Ly = 11.94 mH (1.194 x 1072)

Enter
fL =100
fy =3600
Af =500
f A, dB
100 32.35
600 0.00
1100 0.00
1600 0.00
2100 0.00
2600 0.00
3100 493
3600 11.82

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

C,=5uF
Cb =2.5 [JF
L,=6 mH
Ly, =12 mH
f A, dB
10.00 72.50
31.62 5245
100.00 31.87
316.23 0.00
1 000.00 0.00
3162.28 8.22
10 000.00 35.00
31622.78 55.40

100 000.00 75 .44



STEP
1
2
3

10

INSTRUCTIONS
Enter program 1
Initialize
Inputs
Low cutoff freq.
High cutoff freq.
Image impedance
Calculate

Outputs (any order)

For new case go to step 3
Set up for plot
Freq. lower
Freq. upper
Freq. increment
Input real component values
(optional)
Approximate C,
Approximate Cy,
Approximate L,
Approximate Ly,
Enter program 2
Qutputs
Frequency
Attenuation
Repeat step 9 until flashing
zero indicates all output has
been displayed
Return to step 1 or proceed to
step 12
Input desired frequency
Output
Attenuation

For new case return to step 1

INPUT
DATA/UNITS

f,. Hz
f,, Hz

R, 2

fL. Hz
fu, Hz

Af, Hz

Ca F
Co. F
Ls, H

Ly, H
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KEYS

RTN R/S

E A

A

E B

B

E C

C

E D

D

E A

A

E B
STO 4
STO 5
STO 6
STO 7

A

B
STO

B

OUTPUT
DATA/UNITS

0.00

C.. F
Co. F
Lo H

Lp. H

f, Hz

A,dB

A, dB
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ACTIVE FILTER - LOW PASS

ACTIVE FILTER - LOW PASS EE 1-11A
fo@ Qa @ R1 c2 4 I~
G® C® Ra Ra S

The transfer function of the active filter shown is

Vo o _ 1 1
v. © - RR.cc s /11 1 1
i 18232 %5 S2+ _<_+_+___>+ I
C, \R; R; R;/ R;3R;C,Cs
R4 05
+ Ry Ry

Vi c, Vo
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Given

\

G= {]3 , the desired low frequency gain
i

f., the cutoff frequency in hertz

a, the reciprocal quality factor or ““alpha peaking factor”

C, a value for Cs in farads

the program computes values for Ry, C,, R3 and R4 according to
the following formulas.

- o
Y anf.C

R
Rl=—4
G

Note:

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

1. f.=100Hz
G=10
a=+/2 (default value)
C=0.1uF
Compute
R, = 1125.40 Q
R; =1023.09 2
C, =220 uF (2.200 000 x 107%)
R4 = 11.254 k2 (11 253.95)

2. f.=10Hz
G=10
a=1
C=1uF
Compute
R, =79.58 Q
R;=7234Q
C, =440 uF (4.400 000 x 107%)
R, =795.77 Q



a=1+/2 if not entered
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STEP INSTRUCTIONS DATAIONITS KEYS s

1 Enter program 1 :H:]

2 | Initialize T ‘

3 tpus ayorsen [ L1
Cutoff frequency | R ﬁf:»H:N 77”[:;77]* ]
Overailrgvain - f G E[:]

2 x damping factor [ E]
Capacitor G cF o el |
4 Outputs (any order) 7 . [::] 1 ]
Cell 1 e
L [ello] e
| [oll 1 mee

5 Riec:iﬂi;prurts (op;ional) - : 7 ‘ [j:] ' ]
Cutoff frequency | fo, Hz
Overall gain ; G
2 x damping fac;or a

7 “ C:;pacitc;r CS 1 Cs, F
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ACTIVE FILTER - HIGH PASS

ACTIVE FILTER - HIGH PASS EE 1-1 2A
f,® a® R
dd® C® R Ca + B

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

\Y Cl S2
v, O ¢, c
1 4
RS ! +—1+L + 1
Rs \C53C, C; G, R,R5C3C,
L. 2
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Given

o

IV
G=
Vv

, the desired high frequency gain
i
f., the desired corner frequency

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

C = avalue for C; and C; in farads

this program solves the following equations for the values of R,,
Rs s and C4 .

L S
1
2nf. C (2 + a)

2G+1
a2nf. C

R, =

Rs =
C
Go3

Note:

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

1. f,=0.1Hz
G=1
a=+/2 (default value)
C=10uF

Compute

R, =75026.36 Q

Rs =337618.62 Q

C4 =10 uF (1.000 000 x 107%)

2. f,=10Hz
G=10
a=1
C=1uF
Compute
R, =7578.81 Q
Rs =334 22538 Q2
C4 = 0.1 uF (1.000 000 x 10°7)



a =+/2if not entered

EE 1-12A 43
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program | E::’:]
2 | Initialize - [RTn[Ris |
3 Inputs (any order) i i i”: |
Corner frequency fe, Hz E'
Overall gain ‘ ”*g”’ [: 7
2 x damping 1aﬂct:)-rvw a a” E
o Capacitors C, and C; C F ﬁ[::j_
4 Outputs“ - | 7 0|—:]: 7
Resistor R, 7 ; [Il R:;~
Resistor Rg 7 E Rs, 2
Capacitor Cq 1 {:[ZH:] Ca. F
%7577 Recall |;1puts (optironaI)” | *l:[:]
Cor;ve; ;requ;en;:vr ) ‘ I N fe, Hz
Ove;all gain | 7 G
2x dampiné 7farctor 1 «
Capacitors C; and C3 ‘> - +E C F
6 | Return to step 2 for r;;:;vi;ise T 1 [::“:]
| =




44 EE 1-13A

BUTTERWORTH FILTER
BUTTERWORTH FILTER EE 1-13A
n® R® ® iCi iti &

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

_Qi-r |
C;= n =1,3,5, ..
' 7f.R . m

R sin Qi-Dnm

,i=2,4,6,...




Example:

EE1-

STEP
1
2

3

4

5

n=6
R=508Q
f. =10 MHz

Compute

C, = 164.8 pF (1.6477 x 1071%)
L, =1.13 uH (1.1254 x 107%)
C; =614.9 pF (6.1493 x 107'?)
L, = 1.54 uH (1.5373 x 107°)
Cs =450.2 pF (4.5016 x 107'?)
Lg =412 uH (4.1192 x 1077)

13A
INSTRUCTIONS OATAONITS
Enter program
Input filter parameters
Filter order n
Termination resistance R, 2
Corner frequency fe, Hz

Output element values
Position of C value
Capacitance
Position of L value
Inductance

Repeat step 3 until flashing

zero indicates all data has been

displayed.

Return to step 2 for new case

EE 1-13A

OUTPUT
KEYS DATA/UNITS

A

B

c

D ilodd)
RIS CiF

E i(even)
R/S L, H

45
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CHEBYSHEV FILTER

CHEBYSHEV FILTER EE 1-14A2
i C,(i.00d)

Liti.even)

)

CCHEBYSHEV FILTER EE 1-14A1
n® R® t® €dB cac @

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.

AMN—0-9 N LT T
)2¢in c, C, Cn T
0
20 log g
n
log f

The capacitors and inductors are given by

¢ =Y i=1,3,5
i 2nf.R’ ! 33595 e 1
RG;
L= 21rfcl ,  i=2,4,6,...,(n-1)
where
2a
C;lz.___l
Y
4a;_; a;
Gi= ik . b i=273)4’ :n
bi—1 Gi-y



€
1 th ——
g (CO 40 loge >

=sinh
v =sin o

2i—-Dm
a; =sin [L—)] s i=1,2,3, ..
2n

b; =7 +sin? <£> , i=1,2,3,...,(n=1)
n

Example:
n=7
R=508
f. =3.2 MHz
€=0.1dB
Compute

STEP

C,=1175pF (1.175 x 107%)
C; = 2086 pF (2.086 x 107%)
Cs = 2086 pF (2.086 x 107?)
C,=1175pF (1.175x 107?)

INSTRUCTIONS DATAONITS
Enter program 1
Inputs (any order)
Filter order n
Termination resistance R, Q
Corner frequency fe, Hz
Passband ripple €,dB

Begin calculations
Enter program 2
Outputs

Counter

Component value
Repeat step 5 until flashing zero
indicates all data has been
displayed

Go to step 1 for new case
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, N

L, =3.538 uH (3.538 x 10°°
L, =3.913 uH (3.913 x 1076
Lo = 3.538 uH (3.538 x 1076

OUTPUT
KEYS DATA/UNITS
A
B
c
D
E
A i(odd) ori(even)
B Ci,ForlLH
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CAPACITANCE OF PARALLEL PLATES

CAPACITANCE OF PARALLEL PLATES EE 1-15A
e® d®@ L® WO c B

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

e LW
C=0.0885419 [1+P]
where
0; 100W>L
P
d 2nW
— (1 +1 ; L>100W
W < n 4 ) =100

€; = 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 >> (,

however the error is only —4% for 1 =2 (Terman, Radio Engineers
Handbook, 1943, Sec. 2, Par. 31).
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Examples:

I. =1 3. &g=1
d=.01cm d=.0lcm
L=10cm L=101 cm
W=1cm W=1cm

STEP

C =88.5 pF (8.854 x 10") C =915 pF (9.155 x 10%)

€&=1 4. € =1
d=.0l cm d=.01 cm
L=99cm 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®)
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
Enter program
Initialize RTN R/S -2.540
Inputs
Relative permittivity € A
Plate spacing d,cmorin.* B d,cm
Length L,cmorin.* [ L,cm
Width W, cmorin.* D W, cm
Outputs
Capacitance E C, pF
Capacitance with P =0 RCL 5 C, pF
Recall inputs (optional)
Relative permittivity RCL 1 €
Plate spacing RCL 2 d,cm
Length RCL 3 L, cm
Width RCL 4 W, cm

Change data in step 3 for
new case

Input inches negatively.
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SELF INDUCTANCE
OF A STRAIGHT ROUND WIRE

OF STRAIGNT ROUND WIRE EE 1-16A
d® 1@ pr® Lo L g

This program computes the inductance of a straight round wire of
length /, diameter d, and relative permeability ;.

The low-frequency inductance is (from Terman, Radio Engineers’
Handbook, 1943, Sec. 2, Par. 8).

4] Mr
L,=0.002/{In —-1+—
° (“ d 4)

where

L, = inductance in uH

I = length in centimeters or inches

d = diameter in centimeters or inches
U, = relative permeability

The high-frequency inductance is

L=0.002/ (ln %l - 1)

Note:

If . is not specified, u, = 1 is used.



Examples:

1.

STEP

'

d=0.10 cm (#18 AWG)

I=25cm

ke = 1 (copper)
Compute
L,=031uH
L=0.30uH

d =0.02535 in. (#22 AWG)

/=Sin.
Mr=1
Compute

L, =0.15 uH
L=0.14 uH

INSTRUCTIONS
Enter program
Initialize
Inputs
Wire diameter
Wire length
Relative permeability

Outputs

Low frequency inductance

High frequency inductance

Recall inputs (optional)
Wire diameter
Wire length

Relative permeability

Return to step 3 for new case.

Input inches negatively

If not specified, u, = 1

INPUT
DATA/UNITS

d,cmorin.”

l,cmorin.”

s

Hr

KEYS

RTN

RCL
RCL
RCL

EE 1-16A 51

R/S

OUTPUT
DATA/UNITS

0.00

Lo, uH

L, uH
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INDUCTANCE OF A SINGLE-LAYER
CLOSE-WOUND COIL

INDUCTANCE OF SINGLE |LAYER  EE 1.17A
R® DO N® L® CALC g

The inductance of a single-layer coil is given approximately by
Wheeler’s formula:
N2 R?
" 9R+ 10ND

where

L = inductance in uH
N = number of turns
R = inside radius of coil in inches

D= turn spacing in inches

This program will compute any one of these values given the other.
three.

Note:
2R

This formula is accurate to about 1% when ND. > 3 (Radiotron
Designer’s Handbook, 1954, p. 432).



Examples:
1. L=35uH
R =0.25inch

D = 0.034 inch (#20 enamel wire)
Calculate N = 24.24 turns

2. R =1 inch
D = 0.086 inch
N =30 turns

Calculate L=25.86 uH

STEP INSTRUCTIONS DATAUNITS
1 Enter program
2 Input knowns (any 3)
Coil radius R, inches
Turn spacing D, inches
Number of turns N
Inductance L, uH

3 Calculate unknown (any 1)
Coil radius
Turn spacing
Number of turns
Inductance

4 Recall inputs
Coil radius
Turn spacing
Number of turns
Inductance

5 For new case, return to step 3.

KEYS

RCL
RCL
RCL
RCL

EE 1-17A 53

OUTPUT
DATA/UNITS

A R, inches
B D, inches
Cc N
D L, uH
1 R, inches
2 D, inches
3 N
4 L, uH
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SKIN EFFECT AND COIL Q

SKIN EFFECT AND COIL Q EE 1-18A
d® 19 o} Rs *
D@ f@ Q R

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

@

1 I _ 6.608

VNN

5

R, = 1 =2.61x10"7+/f ohm
bo

100
R= R,

ohms/meter
md

where
u=4m x 1077 henrys/meter

1. 1.724 x 10~8 ohm-meter (copper)
o

f = frequency, Hz
d = diameter of conductor, cm
This program also computes the Q of an unshielded solenoid using

an approximation to Figure 3 on page 6—4 of Reference Data for
Radio Engineers, fifth edition:

ford>5.8and 04 < % <0.8

Q = 25.59 <l.18+sin (.38+ 1.2 log %)) DV

where

D = mean diameter of coil, cm

d = conductor diameter or twice radial thickness (tubing)
T = turn spacing

I = length of coil, cm

f = frequency, Hz



Notes:
1.

EE 1-18A 55

Skin depth § and surface resistance Ry may be computed at a

given frequency without inputting coil dimensions.

KEYS

RTN

o m O

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 1073 ohms
R = 0.83 ohms/meter
2. f=100MHz
d=0.05cm
D=0.2cm
/=1cm
Compute Q=1.08x 10°
STEP - ~ INSTRUCTIONS DATAUNITS
1 Enter program
2 Initialize
3 Input coil data
Wire diameter d, cm
Coil diameter D, cm
Coil length l,cm
Frequency f, Hz
| 4  Compute desired outputs
; Skin depth
Q of unshielded coil
Resistance per square
Resistance per meter
5 Return to step 3 for new data

[ Rss

OUTPUT
DATA/UNITS |
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TRANSFORMER DESIGN
TRANSFORMER DESIGN EE 1-19A
Np® @ Ac® Bm® E® 8

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

Vv \Nout/f

A =
( c)est. 0.72

where

(A()est. = estimated core area in square inches
Wout = transformer output in watts

f = frequency in hertz

The number of primary turns required is

3.49x 10° E,,
Np = ——— turns
fA.Bn

where

Nj, = 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
Wout = 20 watts

Compute
(Ag)est = -80in.?



Enter

STEP

©

E, =120 volts
A.=1in.?

B, = 13,000 gauss
Compute

N, =537 turns (536.92)

INSTRUCTIONS DATAONITS
Enter program
If minimum core requirement
is known, skip to step 6
Input frequency f, Hz
Initialize
Input transformer output and
compute min core Wout, W
Inputs knowns (any 4)
Number of primary turns Np
Frequency f, Hz
Core area A, (in.)?
Flux density Bm, Gs
Primary voltage Ep, V

Re-initialize
Compute unknown
Number of primary turns
Frequency
Core area
Flux density
Primary voltage
Recall inputs (optional)
Number of primary turns
Frequency
Core area
Flux density
Primary voltage
Power output

For new case return to step 2

KEYS

R/S

R/S

>

o O @

R/S

m o O W

RCL
RCL
RCL
RCL
RCL

RCL

EE 1-19A

OUTPUT
DATA/UNITS

f, Hz

3490 000

(Ac)est

3490 000

ND
f, Hz
A, (in.)?

Bm. Gs

3 Ac, (in.)?

Bm. Gs

5 Ep V

6 Wour, W

57
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REED RELAY DESIGN

REED RELAY DESIGN EE 1-20A1 )
MAX SENS@ MINSENS®) v ® [
L@ o0® 0® CALC 4 §)
~
REED RELAY DESIGN EE 1-20A2
WIRE SIZE COILR  PULL-IN ]
CALC # TURNS POWER DROP-OUT E:

This program designs a reed relay given the following data:

Sensitivity
Smax = Maximum ampere-turns needed for pull-in
Smin = minimum ampere-turns needed for drop-out

V =operating voltage

Geometry of coil

L = coil length, cm or in.
ID = inside diameter, cm or in.
OD = outside diameter, cm or in.
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The program computes

Wire size (single insulation)

Number of turns

Coil resistance, 2

Coil power, mW

Pull-in voltage (MAX @ 25°C), volts

Drop-out voltage (MIN @ 25°C), volts
using the equations below which assume a 50% overdrive.

L(OD -ID
Winding Area A= (—7)
Winding Volume  Vy =.7854 ((OD)*~(ID)*)L
26 x10°V )
ire Si WS =INT |41 +.5

Wire Size I: " ( 2.3562(0D + ID)Sax }

Number of turns T=8.57 A e229Ws

10992 e.23 12ws

Resistance of wire R ohms/inch

12000
+
Coil resistance R, = M m RT
V2
Coil power P= 1000
R,
. _ 1.1Shax
Pull-in voltage Vi = T R,

Drop-out voltage Vg, = —35%“—“‘ R,
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Example:

Length = .8 in.

OD = 3in.

ID = .2 in.

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

Compute

Wire size = 43

Number of turns = 6479

Coil resistance = 874 Q

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

Coil power =455 mW

Pull-in voltage = 3.71 volts
Drop-out voltage = 0.61 volts
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STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program 1
2 Initialize RTN R/S
3 Input parameters
Length L, cmorin.* A
Outside diameter OD, cmorin.* B
Inside diameter ID, cmor in. * C
Maximum sensitivity Smax,a@mp-turn E A
Minimum sensitivity Smin,amp-turn E B
Voltage V, volts E C
4 Begin calculations D 0.00
5 Enter program 2
6 Continue calculations A 0.00
7 Output data
Wire size Cc wire size
Number of turns R/S No. of turns
Coil resistance D Coil R, 2
Coil power R/S Power, mW
Pull-in voltage E Vpi, volts
Drop-out voltage R/S V4o, volts
8 Input new wire size WS STO 1

9 Return to step 7.
10 Return to step 1 for new case

Input inches negatively
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IMPEDANCE OF TRANSMISSION LINE

IMPEDANCE OF TRANSMISSION LINE EE 1-21A
‘;:)’(g) Te) o) z- * @

This program computes high frequency characteristic impedance
for three types of transmission lines.

1.  The characteristic impedance of a coaxial line is

Zo = K log—12

Ve d

where

= inner diameter of outer conductor
= outer diameter of inner conductor
relative permittivity of dielectric medium

a O

m
-
1]

a VHo
2m\/eo loge

K =138.06 Q2

where

Mo = permeability of free space
€, = permittivity of free space

2. The characteristic impedance of a two-wire line is

2
Zy,= 2K log R+ (2) -1

Ver d d
where
D = center-to-center conductor spacing
d = conductor diameter

€, K as above
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3.  The characteristic impedance of a single conductor near
ground is

ZO = K logilz

Ve, d

where

D = spacing of center of conductor from ground

d = conductor diameter
€, K as above
Examples:
1. D = .68 in. RG-218/U coaxial cable
d = .195in.
€ = 2.3 (polyethylene)

Compute Z © =49.38 Q2

2. D=6.in.
d =.0808 in. (#12 AWG wire)
e =1 (air)
Compute Z + + = 599.66 Q2
3. D=6in
d = .1285in. (#8 AWG wire)
e =1
Compute Z ~=313.58
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 | Initialize RTN || R/S 138.06
3 Input data (any order)
Relative permittivity € E A
Diameter or spacing D like A
Diameter d units B
4 Compute outputs
Zy = E C Z,y, ohms
Z, © C Zoy, ohms
Zy D Z,y, ohms
5 Recall inputs
Relative permittivity RCL 1 €
Diameter or spacing RCL 2 D like
Diameter RCL 3 d } units

6 For new case, return to step 3.
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TRANSMISSION LINE
IMPEDANCE TRANSFORMATION

IMPEDANCE YHRANSFORMATION EE 1-22A
f@ 1® CALCO_ ANG[21]® cALC zin @
Z0®® V@ INPUTe® maG[z1)D I3 =

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

1.20083 x 1078
v

g =
where

0 = electrical length in degrees

I = physical length in centimeters

f = frequency in Hz

v = velocity factor of line (v =_1 >
€r

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

Z, 0
—+ijt
Z, j tan

Zy
1+Jz—otan0

Zin = Z0

This program computes 6 from /, f, and v and computes Z;, from
6 and Z,.

Note:

If it is desired to transform through 90°, use § = 89.99999 to avoid
overflow during execution of LBL E.
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Examples:
1. f=146 MHz
Zo=50%
1= 20 centimeters
v =.69 (Teflon)
MAG [Z,] =75 Q
ANG [Z,] =30°
Compute 0 = 50.82°
MAG [Zin] =74.12Q  ANG [Z;,] = -30.44°
2. Same data as above except let 0 = 89.99999°
MAG [Zi,] =33.33Q  ANG [Z;,] =-30.00°
| STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 Initialize RTN R/S
3 Inputs
Frequency f, MHz E A
Characteristic Impedance Z,, 82 A
Length /,cm E B
Velocity factor v B
MAG(Z termination] MAG[Z,], %2 D
ANG(Z termination) ANG(Z,]),deg.|| E D
4 Compute electrical
length of line E C ), deg.
5 Input desired value for
0 (see note 1) 0, deg. C
6 Compute transformed
impedance E E MAG(Z2,n]. 2
q x2y | |ANG([Z,,].deg.
7 Recall inputs (optional)
Frequency RCL 1 f, MHz
Characteristic Impedance RCL 2 Z,,
Length RCL 3 [, cm
Velocity factor RCL 4 ‘ v
MAG(Z termination] RCL 7 MAG(Z,], {2
ANG(Z termination] RCL || 6 A‘ANG[Z‘],deg.

Electrical length of line RCL || 5 0, deg.
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MICROSTRIP TRANSMISSION LINE

MICROSTRIP TRANSMISSION LINE EE 1-23A
w h® /!
t (%) €r® Zo  tpdper * 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

t 7771

Dielectric

Ground 7L L L L L L L L L L Ll LLLLLLLLL L

The characteristic impedance of the line shown is

_ 87 ( 598 h )
Z,= In
&+ 141 08w+t
and the propagation delay is

n

S
tpa = 1.017 /0475 ¢, +0.67 i

Note: The units of w, h, and t may be anything as long as they
are alike.



Examples:

1.

STEP

w = 50 mils
t=1.5 mils
h =30 mils
e =4.7
Compute
Z,=51.52Q
ns

ns

tpg = 1.73 — =5.68 —

pd ft. m
w =90 mils
t=1.5 mils
h =60 mils
€ =4.7
Compute

Z, = 55.80

ns ns
=1.73 —=5.68 —
tpd ft. m

INPUT

INSTRUCTIONS DATA/UNITS

Enter program
Initialize
Inputs
Line width w
like
Line thickness t )
units
Dielectric thickness
Relative permittivity €
Outputs
Characteristic impedance
Propagation delay
Propagation delay
Recall inputs (optional)
Line width
Line thickness
Dielectric thickness
Relative permittivity

Return to step 2 for new case.

KEYS

RTN

RCL
RCL
RCL
RCL
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R/S

OUTPUT
DATA/UNITS

25,02
tpd. ns/m

tpq. ns/ft.

like

units

€r
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S%Y PARAMETER CONVERSION

S 4> Y PARAMETER CONVERSION EE 1-24A1
r %) CALC

@

S 4> Y PARAMETER CONVERSION EE 1-24A2
CALC

@)

This program

converts s—parameters to y—parameters using the
relationship

_ 1
(I +511) (1 +522) =512 893

Yir Y12
=A
Y21 Y22

Note:

(I =s11)(1 +552) +512 52, =281

=252 (I +511)(1 =5852) + 512 521

y—parameters may be converted to s—parameters by interchanging
the y’s and §’s in the above relationship.



Examples:

: 48% 133
1 S=[81

1.2%-15
Compute
y= 2.35% -34.2
4.08 % -179
2. Y= 2.35% -34.2
4.08% -179
Compute
g= 480 % 133
1.21%-14.8
STEP INSTRUCTIONS

1 Enter program 1

2 Input s—parameters

3 Output y—parameters

4 Set up for program 2

5 Enter program 2
6 Output remaining

y—parameters

EE 1-24A 69

A15% 17
67%-114
391 % -147
1.97 % 63.8
391 % -147
1.97 % 63.8
115%17.2
669 % -114
INPUT OUTPUT
DATA/UNITS KEYS DATA/UNITS
MAGIs,, ] A
ANGIs,,] B
MAGIs,,] A
ANG(s,,] B
MAG(s,, ] A
ANGIs,, ] B
MAGIs,, ] A
ANG s,,] B
C MAGy,,]
R/S ANGly,,]
R/S MAG(y,,]
R/S ANG(y2,]
R/S
[ ¢ MAGIy,,]
RS || | ANGIly;,]
[ris || | MAGlys) |

[Rrs || | ANGIy;.) |
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POWER SUPPLY RECTIFIER CIRCUITS

POWER SUPPLY RECTIFIER CIRCUTS  EE {-25A
Vi f@ E =
co® R® TYPE® AE 4 IS

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

1. half-wave rectifier, capacitive input filter

O- O

AC T DC
INPUT Vi c OUTPUT

o l i N

2. full-wave rectifier, capacitive input filter

T
ot

R OUTPUT
1 -
3. full-wave rectifier, inductive input filter

AC
INPUT

O

DC
R OUTPUT

2
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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

L = 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/6xf.

1 2 3
AE V2 Vi V2 Vi V2 Vi
fRC 2 fRC 673 2 LC

E \/2_Vi"A7E \/2_vi_A2_E 2\/2_—\11

m
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Examples:

1. Typel
V; =100 volts
C =100 uF
f=60 Hz
R =1000 2

Compute AE = 23.57 volts peak-to-peak
E =129.64 volts
2.  Type2
Same values as above
Compute AE = 11.79 volts
E = 135.53 volts
3.  Type3
Same values as above, plus L =2H
Check LMIN =.884 <2

Compute AE = 1.06 volts
E =90.03 volts



STEP

1

2
3

7

INSTRUCTIONS

Enter program
Initialize
Inputs (any order)

RMS input voltage

Capacitance

Frequency

Resistance

Type (1=half wave,
2=full wave, 3=full wave L-C)
(Type 3 only)

Check Lpmin

Input L= Ly n
Qutputs

Peak-to-peak rippie

DC output voltage
Recall inputs

RMS input voltage

Capacitance

Frequency

Resistance

Type

Inductance

Return to step 3 for new case

INPUT
DATA/UNITS

V;, volts
C F

f, Hz

KEYS

RTN

RCL

STO

RCL
RCL
RCL
RCL
RCL
RCL

EE 1-25A

OUTPUT

DATA/UNITS

Lmin, H

AE, volts

E, volts

V;, volts
C F
f, Hz
R, 2
Type

Lor Lmin
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CONTROLLED RECTIFIER CIRCUITS

CONTROLLED RECTIFIER CIRCUITS EE 1-26A
EP® a® Vave® cac f

This program computes Vov g, Vrms, and V,_, as functions of E,
and «a for the circuits shown. It also computes E, (or ) given a and
Vave (or E, and Vyg). 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.
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Epsin ot

T

Vave-VRms+
Vo-p

Epsin ot

Epsm wt

{

Epsin wt

ol

For these circuits the output is

E,
Vave = T (1 + cos a)

Ep;a<90°
Vop =

- E, sin a; > 90°

2(m-a)+sin2 a
Virums = Ep yp

75
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For these circuits the output is

2(m-a)+sin2 «
VRMS=Ep/( )47r
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Examples:

STEP

E, =170
a=30°
Compute

VAVE =100.98
Vpp = 170.00

E, =170

Vave =50
Compute
a=94.36

Input a=94.36
Then compute

VRMS =80.79
Vpp = 169.51
INSTRUCTIONS DATAUNITS KEYS

Enter program
Initialize q DEG
Inputs (any two)

Peak input voltage Ep V A

Firing (delay) angle «, deg. B

Average output voltage Vave. V C
Output remaining one

Peak input voltage E A

Firing (delay) angle E B

Average output voltage E C
Optional outputs”

RMS rectifier output E R/S
then p-p rectifier output R/S

Ep and a must be inputs. If one
is unknown, it may be com-
puted in step 4 and then

re-entered in step 3.

OUTPUT
DATA/UNITS

Ep, V
a, deg.

Vave, V

Vewms, V

Vp-p. V
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INTEGRATED CIRCUIT CURRENT SOURCE

NEORRENFR SR EE 1-27A
T® 1@ RO v@® CSHf §

For this common IC bias circuit, the resistance R, can be found

from
kT Ve -V
R2 = 2 In ¢ B
ql R, I

k=138 x10"23 % , Boltzman’s constant

where

T, = absolute temperature of junction in kelvins
q=1.6 x 107'° C, the electronic charge

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
V¢, the supply voltage in volts



Examples:

1.

STEP

T=50°C
I=10uA
R, = 10 k2
V=10V

Compute
R, = 12.7 k2 (12657.05)

T=100°C
I=10uA
R, =10 k2
V=10V

Compute
R, = 14.6 k2 (14616.35)

INSTRUCTIONS DATAUNITS
Enter program
Initialize
Inputs
Junction temperature T,°C
Desired current I,A
Desired value for R, R,.Q
Supply voltage Ve, V
Output

Required value for R,
Recall inputs (optional)
Junction temperature
Desired current
Desired value for R,
Supply voltage

Return to step 2 for new case.

KEYS

RTN

RCL
RCL
RCL

RCL
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R/S

OUTPUT
DATA/UNITS

R,,
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TRANSISTOR BIAS

TRANSISTOR BIAS EE 1-28A
R ® R3® B® Sv ’ =)

R2@ Ve @ Ic Sh =

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

VC
Ry 116 fe l, llc
L .
Vae \ LR, VBT |
BE r Ri*Ry >R,
R, Rj

It is assumed that Ig << current through R; and R,

Given Ry, Ry, R3, B4c, and V¢ we have

Rp R
R, VeV B ve-6
Ic =8 1 R,

Rg +(B+1) Ry =F Rg+(B+1)R,

oo e 8
YV 9Vee  Rgt(B+1)Ry
R
24
3l I R,
Sh= = ___
ap g B



EE 1-28A

where
B =hgg = dc current gain

_RiR,

= ——— = parallel combination of R; and R,
R; +R,

Rg

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

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

Sp = Sensitivity of collector current to current gain

in amperes

81
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Examples:

1. R, =1000
R, = 5000
R3; =1000 ©
Ve = 10 volts
=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%)

2. R;=200%
R, =1000
R3; =1000 ©
V¢ = 10 volts
=100

Compute

Ic =7.6 mA (7.64 x 1073)
Sy =0.99 mS (9.88 x 107%)
Sp = 0.88 uA (8.82 x 1077)
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T INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 Initialize
3 ilnputs [::]

Res{s(or R, Ry, E
Resistor R, R2, [:]

S

| Resistor Ry Rno [ E |[B ]
]  Supply voltage Cvev [:]
' dc current gain ‘ B l E@ '
4 EOutputs | ':][::]'
| decollectorcurent Tell 1 ea
| Sensitivity to base voltage | Te o ] sus
‘  Sensitivity to dc gain 4 . E][: Sn. A
5 Recall inputs (optional) ' :][::]
| Resistor Ry ' (ret 1 | muo
Resistor R | (ret [ 2 | o
Resistor R, | A ’ R;, Q2
St;pply voltage . A [I] V(;, \% :
dc current gain ' TreLl[s | 6

-
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JFET BIAS AND TRANSCONDUCTANCE

JFET BIAS & TRANSCONDUCTANCE EE 1-29A
\/10) Ib® Ves Rs A =]
Ipss@ Av® 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 R4 and Rg.

—

Ry

vV,

odl-e AT
Vk —

6 . 108

-

DD

| II
N

Rg

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

p \2
VGS = Vp 1-
Ipss

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

where

Ipgs = 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
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85

Knowing Vgg, we can compute the transconductance and the

source and drain resistors.

- 2 Ipss _
gm Vo

V

R, = GS
Ip
[Ay |

4=

Igm |

where

gm = transconductance in siemens

|Ay | = magnitude of voltage gain
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Examples:

1. Vp=22V
IDSS =1.5mA
ID =.7mA
AV =10
Compute
Vgs =-0.63V (-6.337 x 107°1)
gm = 1.025 mS (1.025 x 1073)

R, = 905 Q
Ry =9759 Q

2. Vp=1.5V
IDSS =-1.7mA
ID =-9mA
Ay =15
Compute

Vs =0.409V (4.086 x 10~1)
gm = 1.65 mS (1.649 x 1073)
R =454 0

Ry = 9095 Q
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STEP INSTRUCTIONS DATA/UNITS J KEYS DATA/UNITS
1 Enter program [:H:]
¥;W i;;l;llze : m m
3 Input; (any order) [:]S
Pmch off voltage Ve, V
R Sat. dram current (VGS =0) Ipss, A -[:]
N De5|red dram current Ip, A E-
7 Desired voltage gain Ay -E:
4 | Outputs (any order) [:[:] -
| Gate-source voltage | [:_L—:_]E Vas,
Transconductance | [I_H:] 9m, S
] 737c>7t7.|:cie7re5|stor EE Rs. 2
; ‘; D:am resistor E]:] ‘ Rd,wfli ,i
5 i Recall inputs (optional) [:][:j
] Pinch-off voltage E Vp, V
R Sat drain current (Vgg = 0) . Ipss, A
R [;es;d dram current ‘ Ip, A
I S N S
i Desired voltage gain Ay |
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PHASE-LOCKED LOOP

PHASE - LOCKED LOOP EE 1-30A
c® R2® @n Wn B =
MmO o Pt @¢ R §

This program computes the natural frequency, damping factor, and
noise bandwidth for the phase locked loop shown. The transfer
function is

% G F(s)
—(s)=H()= ——-—"—
0i S+GF(s)
Ph
8, Detector - Fe
6o
o

where

G = overall loop gain, s~!

0, = output phase
0; = input phase

sT,+ 1

—————— ; passive filter transfer function
s(ty +73)+1

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

R,, R, =resistances in ohms
C = capacitance in farads
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PASSIVE FILTER ACTIVE FILTER

i

The natural frequency and damping factor for the two loops are

G . T2 .
— ; active — Wy, ;active
T1 2
/G . 1 1 .
; passive — Wpl72 + = ); passive
T+ 7, 2 G

The (one-sided) loop noise bandwidth is

=
1
ey
I

B=" (t+ L\he
- 2( 4s‘)

Note:

Natural frequency and damping factor must be computed before
computing loop noise bandwidth.
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Examples:
1. G=324x10%s7!
R; =9.2MQ
R, =750Q
C =100 uF
Compute
Passive Active
Wy 18.77 57! 18.77 57!
¢ .70 .70
B. 9.94 Hz 9.94 Hz

2. G=157x10"s7!

R; =1 MQ
R, =7.1Q
C=1250 uF
Compute

Passive Active
Wy 112.07 s7! 112.07s7!
¢ .50 .50
BL 56.04 Hz 56.04 Hz

3. G=15x10%s""

R,; =1000
R2 =75
C=10uF
Compute

Passive Active
wp,  1181.2557! 1225.74 57!
[ 48 46

BL 591.01 Hz 615.58 Hz



EE 1-30A

6 Return to step 2 for new case.

sTeP. INSTRUCTIONS paTaUNTS  KEYS DATA/UNITS
1 Enter program [:H:
2 Initialize " 0.00
3 ' Inputs ‘ [j [: .
B "Loopgain G,s! E
Resistor R, R,. [: ‘
7 Resistor R, R,.S2 ‘ .
Loop capacitor C F
4 . Outputs
A Natural freq. (passive) wn, s !
Damping factor (passive) ¢
4 then Loop noise bandwidth B, Hz
' Natural freq. (active) wWn, s
Damping factor (active) ¢
' then Loop noise bandwidth B, Hz
5 | Recall inputs
B Loop gain G,s!
Resistor R, Ry, §2
| Resistor R, .. R,, 2
Loop capacitor [I] C, F
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FOURIER SERIES

FOURIER SERIES EE 1-31A
N J Yk g

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

+ bi sin _12,;” )

f(t) = + E (a, cos

where

T .
1 f f(eos 2™ ar,  i=0,1,2, ..
T J T
T .
b= f fOsin 21 at,  i=1,2, ..
T J, T

T = period of f(t)

and

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.
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The discrete formulas for the Fourier coefficients are

and

where

N
) .
aj=? E Yk COS 2”;(1 ,ij=8,1+1,..,J+5

J = order of first coefficient to be computed

vk = f(tx)
KT
RN

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.

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

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:
1. N=12 J=1
f(tx)
10.392
14.000
0.00
-14.000
-10.392
-13.000
-10.392
-14.000
0.00
10 14.000
11 10392
12 13.000

=~

O 00O LN h WRN -~

{aj1j=1,2,..,6}={15.000, 1.000 x 10~°, -5.000,
~2.700 x 10~%, 3.000, 0.000 x 10°}

The function is even, so {bj } = {O } .

Thus the function is

Znt -5 cos % + 3 cos 10mt

f(t) = 15 cos

2. This example requires the modified program

N=12 I=1

k Yk

1 2366
2 1.732
3 0 1
4 0

5 0.634 o 2 T
6 0

7 0634
8 0

9 0 2
10 -1.732
11 2366 =

12 0



The function is odd, so{ aj }

“{o}

EE 1-31A

95

{b;1j=1,...6} = {1.000, 1.000, 1.000, -1.400 E-9,
1.467 E-5, -2.500 E-9}

Thus the function is

f(t) =sin 2m + sin Amt +s @E
T T
STEP | INSTRUCTIONS OATAUNITS KEYS DA s
1 | Enter program [:] [:]
7277 | Forrisme coefhc;er;is g;)rtoﬂ ' :] [:
© sept0 1l ‘
737+I7nput number of points N ' [I”: ' N
TAInput order of first coefficient J . [E :] A 1 1
i 5 ' If only one coéfficient is desired> [:] ' 1 N
6 Inputyy, k=1,2,..,N Vi [c | 2, N+1
7 ? Repeat step 6 until display V [:]:} V ]
| ' shows N + 1 . .
8 Display coefficients (If flag 1
N .‘was set, only aj or bj will have aj or b;
%beenrcomputed.) . aj+1 or bjyq
A aj+2 or bjs
b t ]
aj+3 Or bj+3
] aj+4 OF bj+g
B 1 a,+5 or bj+g 7
”775;77 4For new case, go to step 2 | -
7T07 PTo change to sine coefficients,
] performithe followmg steps. 1
11 Branch to label 1 ' W[I] ]
| 12 Switchto W/PRGM ‘ [:[:] o1
Rﬂ173 Single step twice m m 05 |
14 Delete cosine [I]m 3i ]
%:IS " Insert sine @S 04 N
¥16 ’ Record modified Vprrogram on [: [: 00 Od )

opposute track (see note 4)

17 Switch to RUN and go to step 3

[:]:]
] |
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DECIBEL CONVERSION

DECIBEL CONVERSION EE 1-32A
V1® Vz@ 20 log va/vy db-va/vy

@

P1® P2@ 10 log pa/py db= Py/Py

This program converts voltage or power ratios to decibels and
vice versa.

P, Va
dB=10log — = 2010g—v—-
1

P,

n
P,
E: Og—B
Vi

Examples:

1. V;=1V

V, =2V

v
Calculate  20log <~ = 6.02 dB

1

2. P, =3 mW
P2 = 7 mW P
Calculate 10 log ?2 =3.68 dB

1

P,
3. 10log = =13.2dB

1

P,
Calculate 7. =20.89

1

V,
4. 20log — =10dB
Vi

Caleulate —~2=3.16
culate v— .

1



STEP

INSTRUCTIONS oATAUNITS

Enter program
Input Data

Power P, P,

Power P, P,
or

Voltage V, Vi

Voltage V, V,
Compute decibels

Power, 10 log (P, /P;)

Voltage, 20 log (V,/V,)
Convert dB to ratio

Voltage ratio in dB dB

Power ratio in dB dB

Recall inputs
Vi
P,
Va2
P2
Change appropriate inputs or

for new case go to 2.

KEYS

RCL
RCL
RCL
RCL
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OUTPUT
DATA/UNITS
A
B
dB
c dB
D ViV,
P, /P,
1 Vv,
2 P,
3 A
4 P,



98 EE 1-33A

VOLTAGE TO dBm
VOLTAGE TO dBm EE 1-33A
z® V® dBm® CALC g

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

V2

V2
dBm =10 log =10log —- +30

1073

where

Z = impedance level in ohms
V = voltage in volts
dBm = decibels above one milliwatt

when any two are given.

Examples:
1. Z=508Q
dBm=0

Calculate 'V =0.2236 volts

2. Z2=600%Q

V=0.7746 V
Calculate dBm = 0.00004

3. Z =600 Q2
V=2V
Calculate dBm = 8.24
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[ INPUT | [ _outpur
STEP INSTRUCTIONS DATA/UNITS =~ KEYS DATA/UNITS

1 | Enter program [::H:] |

2 Llnput knowns (any 2) l____][:l

Impedance - 2. ohms [I—H:]
v v Ll

S dB above 1 mW . dBm [:] ) |
3 ‘Calculat;.unknownrmimv ' [:H: ]
T pedance ‘ e dlad z onms
 dBabove 1 mw ] TEe lc ]  dem |
| Recatl mputs I e
 impedance T TreL [ 1 | zohms |
| Voltage ] Tre [ 2 ] wvv
B dB above 1 mW } ' dBm |

5 | Change appropriate inputs in [:H:]

|step 2. . [——-—H:}
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WIRE TABLES AL AND ANNEALED CU

Ti
Al & ANNEALED Cu EE 1-34A
Cu Al DA OHMS LB
GAUGE GAUGE MILS J000FT 1000FT

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
AWG+3

(92) 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
(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 ft. 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.
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Examples:

1.

STEP

No. 12 Cu wire
Dia = 80.81 mils
ohms _ 1 sgg
1000 ft
LB
1000 ft

=19.77

No. 34 Cu wire

Dia = 6.305 mils
ohms

——— =260.

1000 ft ?
LB

=0.1203
1000 ft

No. 10 Al wire
Dia = 101.9 mils
_ohms _ 1.637
1000 ft
LB

=9.555
1000 ft

INPUT KEYS

INSTRUCTIONS DATA/UNITS

Enter program
Input gauge for
Copper wire AWG A
Aluminum wire AWG
Calculate desired values
Wire diameter C
Resistance of 1000 ft D
Weight of 1000 ft E
Recall Input (optional)
RCL
For new case repeat steps 2

and 3.

OUTPUT
DATA/UNITS

Dia, mils
R, ohms

W, pounds

AWG



102 EE 1-35A

HEAT SINKS

HEAT SINKS EE 1-35A
Quc® Pdd 1®  C»%F ’ =
6cs@® TaA@ h@® T =]

The thermal resistance, sink to air, of a 1/8” thick unpainted
aluminum sheet has been found to be approximately (see the
Motorola Application Note, “Power Transistor Heat Sinks”)

1\ 472
0sa = 78.59 x(—)
lh

where

o

Oga = thermal resistance, sink to air, —
[ = length of heat sink, cm or in.

h = height of heat sink, cm or in.
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The temperature at the junction of a transistor is given by
Ty =Ta +Pq(O5c *+0cs *0sa)
where

T; = junction temperature, °C
T4 = ambient temperature, °C

P4 = power dissipated by transistor, watts
[e]
0yc = thermal resistance, junction to case, WC
o
0cs = thermal resistance, case to sink, W
o

0ga = thermal resistance, sink to air, W

This program evaluates the above equations to determine T from
the other parameters.



Py=10W
Tp=25°C
1 =4 inches

h =5 inches

Compute
°C
Ogp =7.93 —
SA W

Ty = 208.27 °C = 406.89
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INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program

2 Initialize RTN R/S
3 Inputs
Therm. res.-junction to case ¢, °C/W E A
Therm. res.- case to sink Ocs, °C/IW A
Power dissipated Pg, W E B
Ambient temperature Ta.°C B
either
Length of heat sink l,cmorin.* E C I/, cm
then Height of heat sink h, cmorin.* C Bsa. °C/W
or
Therm. res.-sink to air Osa, °C/W STO 8
4 Outputs
Junction temperature D T, °C
Junction temperature E D Ty, °F

5 Recall data (optional)

RCL 1 6,c. °C/W
RCL 2 fcs. °C/W
RCL 3 Py, W
RCL 4 Ta,°C
RCL 5 [, cm
RCL 6 h, cm
RCL 7 T,.°C
RCL 9 6sa, “C/W

6 Return to step 2 for new case

Input inches negatively.
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Program Listings

PROGRAM LISTINGS

Reactance Chart

Series Resonant Circuit .
Parallel Resonant Circuit
Impedance of Ladder Network
T Attenuator

PI Attenuator

WYE-Delta or Delta- WYE Transformatlon (Card 1)
WYE-Delta or Delta-WYE Transformation (Card 2)

Minimum Loss Pad Matching

PI Network Impedance Matching .
Band Pass Filter Design (Card 1) .
Band Pass Filter Design (Card 2) .

. Active Filter — Low Pass

Active Filter — High Pass

. Butterworth Filter.

Chebyshev Filter (Card 1)

Chebyshev Filter (Card 2) .

Capacitance of Parallel Plates

Self Inductance of Straight Round W1re

Inductance of a Single-Layer Close-Wound Coil .

Skin Effect and Coil Q
Transformer Design .
Reed Relay Design (Card 1)
Reed Relay Design (Card 2)

. Impedance of Transmission Line . .

. Transmission Line Impedance Transformatlon
. Mlcrostrlp Transmission Line

. S<_Y Parameter Conversion (Card 1)

SZY Parameter Conversion (Card 2)

. Power Supply Rectifier Circuits

. Controlled Rectifier Circuits

. Integrated Circuit Current Source .
. Transistor Bias .

. JFET Bias and Transconductance

Phase-Locked Loop

. Fourier Series

Decibel Conversion

. Voltage to dBm

Wire Tables Al and Annealed Cu .

. Heat Sinks

107

Page
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147



108 EE1-01A

REACTANCE CHART

———————————————————

CODE KEYS CODE @ KEYS CODE KEYS
21  DSP 71 | x 42 CHS
04 4 35 |g 84 R/S
44  CLX 04  x 23 LBL

33 08 STO8 84 R/S |01 1
84 R/S 23 | LBL 34 04 RCL4 |
23 | LBL 12 B 34 03 RCL3
00 O 35 g 71 | x

33 01 STO1 | 83 DSz 84 R/S
02 2 13302 STO2 23 LBL
71 | x 84 R/S 15 |E
35 g 34 05 RCL5 01 1
02 « 34 03 RCL3 33 08 STOS8
71 | x 81 |+ 84 R/S

33 04 STO4 84 R/S 35 01 g NOP
41 |1 23 | LBL 35 01 g NOP
71 | x 13 C 35 01 g NOP
35 g 35 g 35 01 g NOP
04 | x 83 | DSZ 35 01 |gNOP

33 05 STOS5 33 03 STO3 35 01 g NOP
84 R/S 84 R/S 35 01 g NOP
23 LBL 34 05 RCL5 35 01 g NOP
1 A 34 02 RCL?2 35 01 g NOP
35 g 81 |+ 35 01 g NOP
83 DSz 84 |R/S 35 01 g NOP
22 | GTO 23 | LBL 35 01 g NOP
00 O 14 | D 35 01 |g NOP

34 02 RCL?2 35 |g 35 01 /g NOP

34 03 RCL3 83 DSz 35 01 |g NOP
71 x 22 GTO 35 01 |g NOP
31 f 01 1 35 01 |g NOP
09 |vVx 34 04 |RCL4
02 2 34 02 | RCL?2
71 | x 71 | x
35 |g 35 |g
02 |« 04 | Iix

R1 f :R4 2nf R7

R c Rs  (4n?£%)7! Rs DSZ

R3 L ‘RG Rg




CODE

33

33

33

33

33

32
51
84
23
"
32
61
02
84
01
22
00
23
12
32
61
04
84
03
22
00
23
13
32
61
05

03
04
PAl
31
09
356
02
Al

EE 1-02A 109

SERIES RESONANT CIRCUIT

KEYS

P
SF 1
R/S
LBL
A

1
TF1
STO 2
R/S
STO 1
GTO
0

LBL
B

§1
TF 1
STO 4
R/S
STO 3
GTO
0

LBL
C

1
TF1
STO 5
R/S
RCL3
RCL 4

CODE

35
34

34
35

35
34

35
35

02
71
35
04
22
00
23
15
31
51
84
23
14
04
05
02
7
35
02
7
71
00
03
71
7
02
00
42
7
00
01
PA
61
00
09

KEYS

CODE KEYS
01 |1
b1  —
31 | f
01 R-P
35 09 gR?
35 00 gLSTX
31 f
01  R-P
35 07  gx32dy
35 08 | gR{
81 =+
34 02 RCL2
71 | x
35 08 gRJ{
35 07 | gx2y
b1 | —
35 09 gR?t
31 f
61  TF 1
22  GTO
01 1
84 | R/S
23  LBL
01 1
35 07 | gx&y
22  GTO
00 O
35 01 | g NOP
35 01 | gNOP
35 01 | g NOP
R;
Rs

Used



110 EE 1-03A

PARALLEL RESONANT CIRCUIT

CODE | KEYS

CODE | KEYS CODE | KEYS 1
32 ! 09 /x 81 |+
51  SF1 02 2 33 |STO
24  RTN 71 | x 81 |+
23 | LBL 35 g 07 |7
1A 02 7w 35 07 | gx2y
33 01 STO1 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 TF1 23 | LBL 32 !
33 04 | STO 4 15 E 61 | TF 1
84 | R/S 31 | f 22 | GTO
33 03 STO3 51 | SF 1 00 |0
22 | GTO 24 | RTN 35 07 | gxy
00 0 23 | LBL 24 | RTN
23 | LBL 14 | D 23 | LBL
13/ C 34 04 RCL4 01 |1
33 05 STOS5 34 06 RCL6 34 02 RCL2
41 |t 71 | x 34 05 RCL5S
41 |1 33 07 STO7 61 |+
02 2 01 1 84 R/S
71 | x 35 07 | g x2y 13 |C
35 g 34 06 RCL6 14 | D
02 7 ARE 84 | R/S
71 | x 34 03 | RCL 3 35 07 | gx2y
33 06 STO6 71 | x 84 | R/S
32 ! 51 | — 22 | GTO
61  TF1 34 01 | RCL1 01 1
35 01 | gNOP 71 | x 35 01 | gNOP
24 | RTN 34 07 | RCL7
34 03 | RCL3 35 07 | g xy
34 04  RCL4 31| f
71 | x 01 | R>P
31| f 34 01 | RCL1
Ry R R, L R;  Temporary
R, N Rs f Rg
[Ra C Rs w = 2nf Rg Used




EE

1-04A 1M

IMPEDANCE OF LADDER NETWORK

CODE

KEYS

33
35
33

34

35

34
35

35

33

31
42
31
43
84
23
11
04
07
05
31
01
32
09
05
42
07
81
04
00
81
24
23
14
32
61
07
22
00
02
71
35
02
7
03

f
STK
f
REG
R/S
LBL
A
STO 4
g x2y
STO 5
f
R—>P
f—l
Vx
RCL5
CHS
g x2y

RCL 4

TO 3

]

R,
Rs

Ri RelYin]

Im [Yin]

w = 2nf

35

34

34

o
Rs
Rs

23
00
32
51
84
23
15
31
51
84
23
1
32
61
35
04
00
07
22
01
23
12
03
71
35
04
42
00
22
01
23
13
03
71

00

CODE  KEYS

LBL

0
1
SF 1
R/S
LBL

Used

Used

Used

|
|
?
[33
35
33
34

34

35
34

35
34

35

35
33
35
33
K

(CODE | KEYS

23
01
06
07
07
02
01
31
61
1
01
06
61
07
07
61
07
31
61
1
01
01
07
02
07
1"
31
01
22
00

LBL
1
STO 6
g x2y
STO 7
RCL 2
RCL 1
f

TF 1
A

g NOP
RCL 6
+

g x2y
RCL 7
+

g x2y
f
TF 1
A

g NOP
STO 1
g x2y
STO 2
g X2y
A

f
'R-P
GTO
0

Used
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EE 1-05A

CODE

33

33

35

L S

34

21

32
51
23
1
32
61
02
84
01
32
51

23
12
01
00
81
01
00
07
35
05
07
01
02
71
71
31
09
02
71
07
01

KEYS
DSP
f 1

SF 1
LBL

f—l
TF 1
STO 2
R/S
STO1

SF 1
R/S

Z,
Z,
Ry

T ATTENUATOR
CODE | KEYS CODE | KEYS
51 | — 41 |1
33 08 | STO8 71 | x
81 =+ 31 | f
33 05 STO5 08  LOG
34 01 | RCL1 01 1
34 07 RCL7 00 O
01 1 71 | x
61 |+ 33 06 | STO6
33 07 STO7 84 | R/S
71 | x 23 | LBL
34 08 | RCL8 13 /C
81 =+ 32 | !
34 05 RCL5 61 | TF1
51 | — 34 04 | RCL4
33 03 STO3 84 | R/S
34 02 | RCL 2 34 03 RCL3
34 07 RCL7 32 f!
71 | x 51 | SF1
34 08 RCL8 84 R/S
81 =+ 23 | LBL
34 05 RCLS5 14 | D
51 | — 34 05 RCL5
33 04 | STO4 84 | R/S
34 01  RCL1 23 | LBL
34 02 | RCL 2 15 E
81 |+ 31 | f
33 06 | STO6 51 | SF 1
01 1 84 | R/S
51 | — 35 01 | g NOP
31| f 35 01 | g NOP
09 | vx
34 06 | RCL 6
31| f
09  Vx
61  +
R4 R, R; N, N+1
Rs R, Rs N-1
RG Min Loss |Rg



CODE

33

33

35

33

33

34
34

34

R
R>

21
04
32
61
02
84
01
32
51
84
23
12
01
00
81
01
00
07
35
05
07
01
51
08
83
05
71
01
02
71
07
81
31
09
71

PI ATTENUATOR

KEYS

DSP
4

f—l
TF 1
STO 2
R/S
STO 1
f—l
SF 1
R/S
LBL
B

| mN<©@@e@ o= | O=
= x
o 1
~ <

wn
=4
o
[e]

RCL1
RCL 2

RCL 7

CODE

33

33

34

34

33
34

34

33
34
34

34

33
34
34

33

05
35
04
06
08
02
61
08
81
08
01
81
06
51
35
04
03
08
02
81
06
51
35
04
04
01
02
81
06
01
51
31
09
06
31

KEYS

STO 5

9

l/x
STO 6
RCL 8
2

+
RCL 8
STO 8
RCL 1
RCL 6

g

l/x
STO 3
RCL 8
RCL 2

RCL 6

Min Loss

R,
Rs
Re

EE 1-06A 113

CODE

33

34

34

34

KEYS
09 \/x

61 | +
41 |1
71 | x
31 f
08 | L
01 |1
00 O
71 | x

06 |STO 6
84 | R/S
23 | LBL
13 /C

32 | !

61 | TF1
04 |RCL4
84 | R/S
03 | RCL3
32 !

51 | SF 1
84 | R/S
23 | LBL
14 | D

05 | RCL5
84  R/S
23 | LBL
15 | E

31| f

51 | SF 1
84 | R/S

Used
1/R3
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WYE-DELTA OR DELTA-WYE TRANSFORMATION

(CARD 1)
CODE KEYS | CODE | KEYS CODE | KEYS
01 1 35 08 gR! 61 +
33 08 STO8 33 06 STO6 31 | f
23  LBL 03 3 01 R-P
01 1 3408 RCL8 | [3307 STO7
21 | DSP | |35 23 |gx=y |35 07 | gxdy
83 - 22 GTO 133 08 STO8
00 O 02 2 134 04 RCL4
| 34 08 RCLS8 01 1 34 01 RCL1
84 R/S 61 + |31 f
23 LBL 33 08 STO8 01 R-P
14 D 22  GTO 133 01 | STO1
23  LBL 01 1 35 07 | gxy
1A ' | 23 LBL 133 04 STO4
34 02 RCL2 . 13 C 134 05 RCL5
13301 STO1 31 f 134 02 RCL2
34 03 RCL3 01 R-P ' 31 f
133 02 STO2 35 g | 01 R-P
| 35 08 | gR{ 04 | Yx |33 02 STO2
35 08 | gRY 35 07 | gxdy 35 07 |gxdy
33 03 STO3 42 | CHS 133 05 STO5
22  GTO 35 07  gx2y 134 06 RCL6
01 1 32 ! | |34 03 | RCL3
23 LBL 01  R-P o 31 f
15 E 24  RTN | 01 R-P
34 03 RCL3 23 LBL 33 03 STO3
13 C 02 2 | 13507 gxy
33 03 STO3 34 04 RCL4 133 06 STO6
35 08 gR{ 34 05 RCLS | 21 DSP
23  LBL 61 | + | 04 4
12 B 3406 RCL6 | | __ 84 R/S_
34 05 RCL5 L6l +
133 04 STO4 34 01 | RCL1
| 34 06 | RCL6 34 02 RCL2
33 05 STOS 61 | +
35 08 gR! 34 03 | RCL3
:R1 Used R4 Used R7 Used
R2 Used Rs Used Rs Used

R3 Used Re Used Ro Used



CODE

34
34
34
34

35

34
34
34
34

35

34
34
34

23
1"
04
06
01
03
13
84
23
12
07
84
23
1
05
06
02
03
13
84
23
12
07
84
23
1
04
05
01
02
13
84
23
12
07

(CARD 2)
KEYS CODE | KEYS
LBL 84 R/S
A 23 | LBL
RCL 4 13  C
RCL 6 71 x
RCL 1 34 07 RCL7
RCL 3 81 =+
C 35 08 gR{
R/S 61 +
LBL 34 08 RCLS8
B 51 —
g xay 35 09 gR*?
R/S 31 f
LBL 61 TF1
A 22 GTO
RCL 5 01 1
RCL 6 32 | f!
RCL 2 01 | R—P
RCL 3 24 RTN
C 23 | LBL
R/S 01 1
LBL 35 g
B 04 | x
g x=y 35 07 g xdy
R/S 42 | CHS
LBL 35 07 | g x2y
A 32 !
RCL 4 01 | R—P
RCL 5 24 RTN
RCL 1 23 | LBL
RCL 2 14 D
o] 32 | !
R/S 51 | SF 1
LBL 84 R/S
B 23  LBL
g X2y 15 | E
Used R4 Used
Used Rs Used
Used Re Used

EE 1-07A(2)
WYE-DELTA OR DELTA-WYE TRANSFORMATION

115

CODE KEYS

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

31
51
84
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

f

SF 1
R/S

g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NQP
g NOP
g NOP
g NOP

Used
Used
Used
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MINIMUM LOSS PAD MATCHING
CODE | KEYS CODE KEYS CODE  KEYS

23  LBL 71 x 35 01 g NOP
1M1 A 33 03 STO3 35 01 g NOP
33 01 | STO1 01 1 35 01 g NOP
84 R/S 34 02 RCL?2 35 01 |gNOP
23  LBL 34 01 RCL1 35 01 gNOP
12 B 81 + 35 01 gNOP
33 02 STO2 51 | — 35 01 gNOP
84 R/S 31 f 35 01 gNOP
23 | LBL 09 x 35 01 g NOP
13 C 33 04 STO4 35 01 g NOP
15 E 35 g 35 01 gNOP
34 04 RCL4 04 | '/x 35 01 g NOP
84 R/S 33 05 STO5 35 01 gNOP
23 | LBL 34 01 RCL1 35 01 gNOP
14 | D 33 |STO 35 01 g NOP
15 E 71 | x 35 01 g NOP
34 05 RCL5 | 04 4 35 01 g NOP
84 R/S 34 02 RCL?2 35 01 g NOP
23 | LBL 33 |STO 35 01 gNOP
15 E 71 x 35 01 gNOP
34 01 RCL1 05 5 35 01 gNOP
34 02 RCL2 34 03 RCL3 35 01 gNOP
81 =+ 24 RTN 35 01 g NOP
31 | f 35 01 g NOP 35 01 |gNOP
09 x 135 01 gNOP 35 01 |gNOP
35 00 gLST X 35 01 gNOP 35 01 |g NOP
01 1 35 01 g NOP 135 01 g NOP
51 — 35 01 g NOP 35 01 g NOP
31 f 35 01 g NOP 135 01 g NOP
09 vx 35 01 |gNOP 35 01 g NOP
61 |+ 35 01 | gNOP
31 | f 135 01 | g NOP
08 | LOG 135 01 g NOP
02 |2 35 01 g NOP
00 |0 135 01 | g NOP
R1 Z, R4 Rl R7
R2 Z, Rs R, Rs

Rj Loss Re Ro



CODE

33

33

33

33

34
34

Ry
R,

31
42
21
04
23
01
32
51
24
84
23
1
32
61
02
84
01
22
01
23
12
32
61
04

03
22
01
23
13
04
01
81
31
61

PI NETWORK IMPEDANCE MATCHING
KEYS

f

STK
DSP
4
LBL

1

f—l
SF 1
RTN
R/S
LBL
A

f-l
TF 1
STO 2
R/S
STO 1
GTO
1

LBL
B

f—l
TF 1
STO 4
R/S
STO 3
GTO
1

LBL
C
RCL 4
RCL 1
f
TF1

CODE

34

34

33

34

33

34
34

34

34
34

22
00
02
01
81
04
41
71
01
61
05
71
01
51
31
09
02
81
06
22
00
23
14
13
02
06
71
04
81
01
61
04
01
71
05

KEYS

GTO
0

RCL 2
RCL 1

RCL 4

EE 1-09A
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CODE KEYS

34

35
35
35
35
35
35
35
35
35
35
35
35

81
71
23
00
35
02
02
71
03
71
81
22
01
23
15
31
51
84
01
01
01
01
01
01
01
01
01
01
01
01

os]
-

X mX NI O X
(@)
r
w

GTO

LBL

SF 1

R/S

g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
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BAND PASS FILTER DESIGN (CARD 1)
(copE| KEVs | |CODE| KEvs | |cODE KEYs

21 | DSP 71 | x | 32 !
03 3 81  + || 61 TF1
32 ! 33 04 STO4 |34 05 | RCL S
51 | SF1 ‘ 34 03 | RCL3 ; 84 | R/S
84  R/S ‘ 34 06 RCL6 | 34 04 | RCL4
23 | LBL ‘ 35 | g | 32!
1 A 02w 51 | SF 1
32| ! 71 | x 84 | R/S
61 TF1 33 08 | STO8 ’ 23 | LBL
33 02 STO2 71 | x ~ 14 D
‘ 84 | R/S 35 g [ | 32 | !
33 01 | STO 1 04 | x : 61 | TF 1
‘ 32| ! 33 05 | STO5 | 34 07 | RCL7
51  SF1 34 03 RCL3 ; 84 | R/S
84 | R/S 34 06 RCL6 34 06 | RCL6
23 LBL 71 x | 32 !
12 B v 34 07 | RCL7 | | 51 | SF 1
31 f 81 =+ || 84 R/S
61| TF1 33 07 | STO7 23 | LBL
22 | GTO 34 03| RCL3 15 | E
_ 011 ‘ 34 08 | RCL8 31 | f
34 02 | RCL2 81 | + 51 | SF 1
| 34 01 | RCL 1 3306 STO6 | | 84 | R/S
g 51 | — f 00 O ' 35 01 | g NOP
| 33 06 STO6 | 21 | DSP | 35 01 | gNOP
34 01 | RCL1 03 3 ‘ 35 01 | gNOP
34 02| RCL2 84 | R/S | 35 01 | g NOP
71| x ' 23 | LBL | |35 01| gNOP
04| 4 011 | |35 01| gNOP
71| x 33 03| STO3 35 01 | g NOP
35| g 32| f!
02 | = [ ] 51| SF 1
71| x 84 | R/S
| 33 07 | STO7 23| LBL
| 3 03| RCL3 | | 13| C
‘R £, fL R4 Ca R; ant, o, Lp |
:RZ fa, fu Rs Cp Rg m(fy - ;)

R3 R, Af Rs fa-f..La |Ro



CODE

34
34
35

34

33
34

34

34
34

34

34

02
01
24
00
81
21
83
02

23
12
01
02
71
35
02
Al
41
7
08

7
06
Al
01
51
01
08
05
71
07
71
51
Al
08

EE 1-10A(2) 119

BAND PASS FILTER DESIGN (CARD 2)
KEYS CODE KEYS CODE KEYS

RCL 2 04 4 14 D
RCL 1 71 | x 61 +

g x>y 34 04 RCLA4 23 | LBL
0 71 | x 15 E

+ 34 07 RCL7 31 | f
DSP 71 x 09 Vx
. 81 =+ 61 |+

2 34 01 RCL1 31 | f
R/S 34 03 RCL3 07 LN
LBL 23 LBL 01 1

B 02 2 32 !
RCL 1 61 + 07 LN
2 33 01 STO1 31 f

X 35 08 gR! 08 LOG
g 00 'O 04 4

m 35 07  gx2y 00 O

X 35 24 gx>y 71 | x

t 22  GTO 71 | x

X 01 1 24 RTN
STO 8 35 23  gx=y 23 | LBL
RCL 4 00 O 14 D

X 84 R/S 31 f
RCL 6 01 1 09 x
X 42 | CHS 41 1

1 35 07  gx2y 71 | x

- 35 24 gx>y 35 00 | gLST X
1 00 0 35 07  gx2y
RCL 8 84 R/S 01 1
RCL 5 42  CHS 24 | RTN
X 14 D 35 01 | g NOP
RCL 7 51 | —

X 15 | E

- 84 RS

X 23  LBL

RCL 8 01 1

fL R4 Ca R; Lp
fu Rs Cob Rg w?
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ACTIVE FILTER—LOW PASS

CODE | KEYS CODE | KEYS CODE | KEYS
02 2 05 |5 02 2
31 f 23 LBL 34 02 RCL2
09  Vx 13 C o1 1
33 03 STO 3 31 | f 61 |+
31| f 61 TF1 34 03 RCL3
42 | STK 22 | GTO 04 |4
23 | LBL 01 |1 81 |+
00 0 14 D 35 |g
32 | ! 35 07 g x2y 02 |7
51  SF1 81 |+ 81 |+
21 | DSP 22 | GTO 34 01 |RCL1
83 - 00 |0 81 |+
02 | 2 23 | LBL 34 04 |RCL4
24 | RTN 02 |2 81 |+
23 | LBL 32 | f! 22 |GTO
1A 51 | SF 1 00 |0
31 | f 14 | D 23 | LBL
61 | TF 1 34 03 |RCL 3 01 |1
33 01 |STO 1 71 | x 32 !
22 | GTO 35 g 51 |SF 1
00 0 02 |« 14 |D
61 | + 71 | x 34 02 | RCL?2
33 02 STO2 34 01 RCL1 81 |+
22 | GTO 71 | x 22 |GTO
00 0 81  + 00 O
23 | LBL 23 | LBL 23 | LBL
12 | B 05 |5 15 | E
31 | f 21 | DSP 31 | f
61 TF1 06 |6 51 |SF 1
33 03 |STO 3 84 | R/S 84 | R/S
22  GTO 23 | LBL
00 O 14 | D
61 |+ 31 | f
33 04 | STO4 61 | TF 1
22}GTO 22 | GTO
R1 fc R4 C R7
R, G Rs Rs
R3 (4% Re 1R9




CODE

02
31
09
33 03
31
42
23
00
32
51
21
83
02

23
1
31
61
33 01
22
00
61
33 02
22
00
23
12
31
61
33 03
22
00
61
33 04
22

EE1-12A 121

ACTIVE FILTER—HIGH PASS

KEYS

CODE

34

34

34

34

34

34

05
23
13
31
61
22
01
02
02
71
01
61
03
02
71
35
02
71
01
71
04
71
81
22
00
23
01
03
02
35
02
71
01
71
04

KEYS

(@]
-

(@]
-
IS

© o
O

O
-
w

X X AQ NJD-=rroOoQ@ "X mX mXx 3@ X
(@)
(I
N

el
o
-
»

CODE KEYS

71
01
34 02
81
02
61
71
81
22
00
23
14 D
34 04 RCL4
34 02 RCL2
81 |+
23  LBL
05| 5
21 | DSP
06 6
32  f1
51 | SF 1
84 | R/S
23 | LBL
15 | E
31 | f
51 SF1
84 | R/S
35 01 | g NOP
35 01 g NOP
35 01 | g NOP

(@)
-
N

o X + N =X

-
os]
-
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' CODE

33 01

| 33

' 33
34

| 33

| 33

34

34

| 34
| 34

35
42
01
04
02
05
01
84
23
12
02
84
23
13
03
84
23
14
04
02
71
01
51
35
02
71
01
02
7
81
31
04
02

03

EE 1-13A

KEYS

STO1
g
RAD
1

STO 4
2
STO 5
RCL 1
R/S
LBL
B
STO 2
R/S
LBL
C
STO 3
R/S
LBL
D
RCL 4
2

X

1

X N DX Y@
O
-

-+

SIN
RCL 2
RCL 3

BUTTERWORTH FILTER

CODE | KEYS CODE| KEYS |
71 | x ‘ 71 | x
35 g 81 |+
02 =« 31 | f
71 x 04 SIN
81 |+ 34 02 | RCL2
33 06 STO6 71 | x
34 01 RCL1 35 | g
34 04 RCL4 02 |«
33 08 STO8 34 03  RCL3
| 35 24 | g x>y 71 | x
00 | O 81 +
81 + 33 07 | STO7
02 2 34 01 | RCL1
61  + 34 05 RCLS
33 04 STO4 33 08  STOS8
21 | DSP 35 24 | g x>y
| 02 2 00 | O
34 08  RCLS8 81 | +
84 R/S 02 2
21 | DSP 61  +
04 4 |33 05 | STO 5
34 06 | RCLG6 21  DSP
84 | R/S 02 | 2
23 | LBL 34 08 | RCL 8
15 E 84 | R/S
| 34 05 | RCL 5 21 | DSP
02 2 04 4
71 | x 34 07 | RCL7
01 |1 84 R/S
51 | — | 35 01 | g NOP
35 g
02 |«
71 | x
34 01 | RCL1
‘ 02| 2
R4 Used R; Li
Rs Used Rs Used
Rs Ci Ro Used



iCiO}DE KEYS

| 33
| 33
33

| 33
| 33
'34

| 33
| 34

23
1
01
84
23
12
02
84
23
13
03
84
23
14
04
84
23
15
01
05
31
51
35
42
21
03
03
02
71
35
02
71
03
04
01

EE 1-14A(1)

CHEBYSHEV FILTER (CARD 1)

LBL
A
STO1
R/S
LBL
B
STO 2
R/S
LBL
c
STO3
R/S
LBL
D
STO 4
R/S
LBL
E

1

STO 5
f

SF1
9
RAD
DSP

3
RCL 3
2

@ X

x

STO 3
RCL 4

| CODE

33
35

35
34

34

35

32
07
31
08
04
00
71
81
32
07
07
00
42
32
07
51
00
07
61
81
35
04
31
07
01
02
71
81
32
07
00
42
32
07
51

KEYS

-1
LN

g LST X |

RCL 7

'copE| KEYS |

| 33

34

33

| 34

33
34
34

| 33

| 35
35
35
35
35
35

02
81
06
35
02
01
02
71
81
31
04
08
02
71
06
81
07
03
02
71
81
04
00
84
01
01
01
01
01
01

2

STO 6

G

Used

123

l



124 EE 1-14A(2)

CODE

23
1"
21
83
00
34 01
34 05
35 24
00
81

23
12
31
61
22
01
31
81
22
03
31
71
15
34 03
34 02
71
23
02
21
03
81
34 05
01
61

CHEBYSHEV FILTER (CARD 2)

KEYS

LBL
A
DSP

0
RCL 1
RCL5
g x>y
0
R/S
LBL
B

f

TF 1
GTO

CODE | KEYS

33 05
35 07
84
23
01
32
51
31
71
34 04
01
22
02
23
03
32
71
15
34 02
7
34 03
22
02
23
15
34 08
04
71
34 05
02
71
01
51
35
02

STO 5
g X2y
R/S
LBL
1

f-l

f
SF 2
RCL 4

GTO

CODE | KEYS

34

33

34

34

34

34

33

71
01
02
71
81
31
04
08
71
05
01
51
35
02
71
01
81
31
04
Ly
M
06
41
71
61
07
71
81
07
24

X
RCL 1

> O
= r

(@]
-
(o]

X PP+ X >PmX >0+ -y x @
(@]
-
~

STO 7
RTN



EE1-156A 125

CAPACITANCE OF PARALLEL PLATES

CODE KEYS CODE | KEYS CODE KEYS

02 2 00 O 84 R/S
83 - 35 07 gx2y 34 04 RCL4
05 5 35 24 gx>y 35 g
04 4 33 04 STO4 02 w
42 CHS 84 | R/S 02 2
33 06 STO6 34 06 RCL6 71 x
84 R/S 71 ' x 71 x
23 LBL 33 04 STO4 34 02 RCL2
1 A 84 R/S 81 |+
33 01  STO 1 23 | LBL 31 |f
84 | R/S 15 | E 07 LN
23 LBL 34 01 RCL1 01 1
12 ' B 34 02 RCL2 61 |+
00 |0 81 + 34 02 RCL2
35 07 gx2y 34 03 RCL3 34 04 RCL4
35 24 | gx>y 71 | x 81 |+
33 02 STO2 34 04 RCL4 35 |g
84 R/S 71 | x 02 |«
34 06 RCL6 83 - 81 |+
71 | x 00 O 71 | x
3302 STO2 08 8 01 1
84 | R/S 08 8 61 |+
23 |LBL 05 5 34 05 RCL5
13 |C 04 4 71 | x
00 (0 01 |1 84 |R/S
35 07 |gxy 09 9 35 01 g NOP
35 24 gx>y 71 | x 35 01 g NOP
33 03 |STO3 33 05 STO5 35 01 g NOP
84 R/S 34 03 |RCL3 35 01 /g NOP
34 06 RCL6 34 04 |[RCL4 35 01 gNOP
71 x 43 |EEX
33 03 STO3 02 2
84 |R/S 71 | x
23 LBL 35 24 gx>y
14 D 34 05 RCL5
Ry € R4 w R;
R, d Rs CwithP=0 Rg

Rs3 L Re -2.54 Ro Used
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EE 1-16A

SELF INDUCTANCE OF STRAIGHT ROUND WIRE

CODE | KEYS CODE | KEYS CODE | KEYS
02 2 84 R/S 35 01 g NOP
83 | - 23 | LBL 35 01 g NOP
05 5 14 D 35 01 g NOP
04 4 15 |E 35 01 g NOP
43 | CHS 83 |- 35 01 g NOP
33 04  STO4 00 0O 35 01 g NOP
01 1 00 |0 35 01 g NOP
33 03 | STO3 02 2 35 01 g NOP
44 | CLX 34 03 |RCL3 35 01 |g NOP
84  R/S 71 | x 35 01 | g NOP
23 | LBL 34 02 RCL2 35 01 | gNOP
1A 71 | x 35 01 |g NOP
00 0O 04 4 35 01 | gNOP
35 07 | g x2y 81 =+ 35 01 |gNOP
35 24 | g x>y 61 |+ 35 01 | gNOP
33 01 STO1 84 | R/S 35 01 | g NOP
84 | R/S 23 | LBL 35 01 g NOP
34 04 RCL4 15 E 35 01 | g NOP
71| x 04 4 35 01 | g NOP
33 01 | STO 1 34 02 | RCL2 35 01 g NOP
84 | R/S 71 | x 35 01 g NOP
23 | LBL 34 01 RCL1 35 01 gNOP
12 B 81  + 35 01 g NOP
00 O 31 | f 35 01 g NOP
35 07 | g xy 07 | LN 35 01 |gNOP
35 24 | g x>y 01 |1 35 01 | gNOP
33 02 STO2 51 | — 35 01 | g NOP
84 R/S 34 02 | RCL2 35 01 | g NOP
34 04 RCL4 71 | x 35 01 | g NOP
71 | x 83 |- 35 01 | g NOP
33 02 | STO2 00 0
84 R/S 00 |0
23 | LBL 02 | 2
13| C 71 x
33 03 STO3 24 | RTN
Ry d R4 -2.54 R;
RZ [ Rs R8
R3 Hr Re Rg Used




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
1
35
83
01
84
04
83
05
03
41
7
81

Al
06
01

KEYS

X

f
Vx
f
R—P
g Rt
+

R/S
LBL
E
RCL 2
RCL 4
x
STO 6
1

STO 8
R/S
LBL
A

g

DSz
STO 1
R/S

CODE

34

33
34

34
34

34

34

33

34
34

00
03
22
00
23
12
35
83
02
84
03
01
04
81
71
09
03
81
51
01
71
01
00
81
84
23
14
35
83
04
84
03
01
7
41

EE1-17A 127

INDUCTANCE OF A SINGLE-LAYER
CLOSE-WOUND COlIL

KEYS CODE KEYS

0

RCL 3

GTO 34
0

LBL

B

g 34
DSz

STO 2 34
R/S

RCL 3

RCL 1

RCL 4

X
9
RCL 3

X 34

0 34

D 34

DSz 34
STO 4 35

71
09
01
A
01
00
02
71
03
71
61
81
84
23
13
35
83
03
84
05
06
71
01
41
7
81
04
09
01
01

DSz
Used
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EE 1-18A

CODE

33

33

33

33

34

32
51
84
23
1
32
61
02

01
22
00
23
12
32
61
04

03

00
23
15
31
51

23
13
06
83
06
00
08
04
31

SKIN EFFECT AND cOIL Q

KEYS
1
SF 1
R/S
LBL
A

-1
TF1
STO 2
R/S
STO 1
GTO
0
LBL
B

-1
TF1
STO 4
R/S
STO 3
GTO
0
LBL
E

f

SF 1
R/S
LBL
C

6

-~ pPOOO *

CODE

35
34

34
34

09

81
31

61
22
00
00
02
71
03
02
81
31
08
01
83
02
71
83
03
08
61
35
42
31
04
01
83
01
08
61
02
05
83
05

KEYS
Vx

f
TF 1
GTO

g LST X
RCL 2

RCL 3
RCL 2

LOG

-

e« X N °

>
(w)

c S W@ + 0w
2

TN + 0 =

CODE | KEYS

09
71
71
84
23
14
02
83
06
01
43
42
07 | 7
34 04 | RCL4
31 | f
09  Vx
71 | x
31| f
61 | TF 1
22 GTO
00| O
43 | EEX
02 2
71 | x
35 g
02 |m
81 | +
34 01 | RCL1
81 | +
84 | R/S

-® " NOrFTX X ©
m >
=%

om
Irm
wn X



CODE

33

33

33
34

33

33

34

34

84
01
08
03
04
09
43
04
07
84
06
02
81
31
09
83
07
02
08
81
22
00
23
1
35
83
01
22
00
02
23
02
03
71
23

TRANSFORMER DESIGN

KEYS

R/S
1
STO 8

CODE

34

34
34

35

33

34

33

34
34

03
04
71
23
04
05
07
71
07
81
22
00
23
12
35
83
02
22
00
01
22
02
23
13
35
83
03
22
00
01
02
71
22
03
23

KEYS

3
RCL 4
X
LBL
4
RCL 5
RCL 7
X

g x2y
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

EE 1-19A

129

CODE  KEYS

33

34

34

34

33

34

34

34

34

34

35

14
35
83
04
22
00
01
02
71
03
71
22
04
23
15
35
83
05
22
00
01
02
71
03
71
04
71
07
81
01

D

9
DSz

STO 4
GTO

RCL 1
RCL 2

RCL 3
GTO
LBL
DSZ
STO 5

GTO

RCL1
RCL 2

RCL 3
RCL 4
RCL 7

g NOP

temporary
.72, DSZ
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EE 1-20A(1)

CODE

33

33

33

33

33

33

33
33
34

35
34

02
83
05
04
07
00
08
84
23
1
35
83
01
84
04
84
23
12
35
83
02
84
05
84
23
13
35
83
03
84
06
00
01
24
07

REED RELAY DESIGN (CARD 1)

KEYS
2

5

4
STO 7
0

STO 8
R/S
LBL

DSz
STO1
R/S
STO 4
R/S
LBL

DSz
STO 2
R/S
STO 5
R/S
LBL

DSz
STO 3
R/S
STO 6

RCL 1
g x>y
RCL 7

L, WS
oD,0oD+ID Rs

ID

CODE KEYS

33
34

35
34

33
34

35
34

33
34

33
35

34
34

34

R4

Re

81
35
06
01
44
02
24
07
81
35
06
02
44
03
24
07
81
35
06
03
06
84
23
15
01
08
08
24
23
14
02
03
51
01
71

g
ABS

STO
CLX
RCL 2
g x>y
RCL 7

ABS
STO 2
CLX
RCL 3
g x>y
RCL 7

ABS
STO 3
RCL 6
R/S
LBL

STO 8
g R{
RTN
LBL

RCL 2
RCL 3

RCL 1

smax

Smin

CODE | KEYS

33
34
34
34

33

34

02
81
07
06
02
03
61
02
81
02
83
06
43
05
7
02
83
03
05
06
02
04
71
81
31
07
04
41
00
84

2

STO7
RCL 6
RCL 2
RCL 3
+

STO 2

2

cTNX OImMmo
m
x

DO—>Prr - X DITNNOOTW

T, DSZ
Used



CODE

35

33

34

34

33
34

34

08
71
83
05
61
31
83
01
00
84
23
13
21
83
00
01
83
02
02
09
71
32
07
08
83
05
07
71
07
71
08
01
84
08
84

REED RELAY DESIGN (CARD 2)

KEYS

g Rl
X

STO 8
RCL 1
R/S
RCL 8
R/S

L, WS R4
obD+ID Rs
ID, R Rs

CODE

34

34

34

33

34

34

23
14
83
02
03
01
02
01
71
32
07
83
00
04
09
06
71
01
02
43
03
81
08
7
35
02
71
02
71
03
84
06
32
09
03

KEYS

LBL
D

|
—

T ThX DIN—=WN

T WwMmMN =X OO H~O

o)
(@)
—~
[ee]

Smax

Smin

EE 1-20A(2) 131

CODE

R7
Rs

34

34

34

34

34

34

81
01
43
03
71
84
23
15
21
83
02
04
01
83
01
71
08
81
03
71
84
05
83
03
71
08
81
03
71
84
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CODE KEYS

01
33 01
01
03
08
83
00
06
33 04
84
23
1
35
83
33 02
84
33 01
84
23
12
33 03
84
23
13
35
83
22
01
34 02
04
71
23
00
34 03
81

EE 1-21A

IMPEDANCE OF TRANSMISSION LINE

1
STO 1
1
3
8

CODE

31
08
34 04
71
34 01
31
09
81
84
23
01
34 02
22
00
23
14
34 02
34 03
81
41
41
71
01
51
31
09
61
31
08
34 04
02
71
71
34 01
31

KEYS

f

LOG
RCL 4
X

RCL 1

CODE  KEYS

33
35

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

09
81
84
23
15
01
08
08
84
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

Vx
R/S
LBL
E

1

STO 8
gR{
R/S

g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP

DSz



CODE

33

33

33

33

33

34
34

R4
R2

32
51
84
23
1
32
61
02
84
01
22
00
23
12
32
61
04
84
03
22
00
23
13
32
61
05
84
01
03
71
01
83
02
00
00

KEYS

1
SF 1
R/S
LBL
A

-1
TF 1
STO 2
R/S
STO 1
GTO

Zo

TRANSMISSION LINE
IMPEDANCE TRANSFORMATION

CODE

34

33

33

33

34
34

33
34

08
03
43
42
08
71
04
81
05
22
00
23
14
32
61
07
84
06
22
00
23
15
31
51
84
23
15
06
07
32
01
08
05
31
06

KEYS

EE

1-22A 133

CODE KEYS

34
35

35
35

35
35

35
34
35
35
34

35
35
35
35

35
35

34

71
02
00
71
00
09
71
07
00
61
07
02
07
51
07
08
31
01
07
09
09
31
01
08
51
07
09
81
02
71

M

X
RCL 2
g LST X
X

g LST X
g Rt

X

g x2y

g LST X
+

g X2y
RCL 2
g x2y

g x2y
RCL 8
f

R—>P

g x2y

g Rt

g Rt

f

R—P

g R}

g x2y

g R?

RCL 2

AG[Z]
Used
Used
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EE 1-23A

CODE

33

33

33

33

33

34

| 34

| 34

00
08
84
23
1
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 TRANSMISSION LINE

KEYS

0
STO 8
R/S
LBL
A

9

DSz
STO 2
RTN
STO 1
RTN
LBL
B

g

DSz
STO 4
RTN
STO 3
RTN
LBL

CODE

34

34

07
08
07
71
04
01
83
04
01
61
31
09
81
24
23
14
83
04
07
05
04
71
83
06
07
61
31
09
01
83
00
01
07
7
35

KEYS

CODE

35

33

35

35
35
35
35
35
35

| 35

35
35
35
35
35
35
35

83
24
01
83
03
00
04
08
81
24
23
15
01
08
08
24
01
01
01
01
01
01
01
01
01
01
01
01
01
01

KEYS

DSZ
RTN
g NOP

00O W

DSz



EE 1-24A(1) 135

S2Y PARAMETER CONVERSION (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
34

02
01
03
02
04
03
09
04
84
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 R?
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
gRJ
STO 8
R/S
LBL
C

E
RCL 6
RCL 2

RCL 7
RCL 3

R4 Re [s;:]
R2 temporary

,R3 temporary

CODE

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
01
01
81
04
01
61
71
05
08
71
51
02
03
7

KEYS

LBL

E

RCL 5
RCL 4

Rs Re [s;,]
RS Im [sq;]
RG temporary

CODE

51
34 06
34 07

71

61

31

01
35 07

24

23

14

31

01
35 09

81

02

71

84
35 08
35 07

51

01

42

32

01

31

01
35 08

84

24

KEYS

RCL 6
RCL 7
X

+

f

R—>P

g X2y
RTN

LBL

R->P
g Rt

R/S
g R{

g x2y

CHS
f-l
R-P

R-P
g R{
R/S
RTN

R; temporary

R8 Im [522]

Rg temporary, * 1 ;
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35
34
34

34
34

34
34

34
35
33
35
34

33
35
33

33

Ry
R
R3

EE 1-24A(2)

S2Y PARAMETER CONVERSION (CARD 2)
CODE

33
09
07
02
03
71
06
07
7
51
02
07
71
03
09
03
08
06
71
61
07
07
06
34
09
02
01
33
09
15
01
42
33
09
23

KEYS

STO
9

g x2y
RCL 2
RCL 3
X
RCL 6
RCL 7
X

RCL 2
RCL 7
X
RCL 3
g Rt
STO 3
g R{
RCL 6
X

+
STO 7
g x2y
STO 6
RCL
9
STO 2
1

STO
9

E

1

CHS
STO

LBL

Re [511]

temporary

temporary

CODE

34

34

34

34

34

34

34

34
34

34

34

R4
Rs
Re

15
05
34
09
42
04
51
71
08
34
09
01
51
71
61
07
61
34
09
01
51
34
09
04
61
71
05
08
71
61
06
61
31
01
03

KEYS

E

RCL 5
RCL
9

CHS
RCL 4
X

RCL 8
RCL

RCL 1
X

+
RCL7
+
RCL
9
RCL 1

RCL
9
RCL 4
+

X
RCL 5
RCL 8
X

+
RCL 6
+

f

R—>P
RCL 3

Re [522]

Im [S|1]

temporary

CODE| KEYS

R,
Rg
Ro

35
34

35

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

81 | +

84 | R/S
07 | g xy
02 | RCL 2
b1 | —

01 |1

32 !
01 | R—P
31 | f

01 | R—»P
08 gRJ
84 | R/S
24 | RTN
01 | g NOP
01 | g NOP
01 g NOP
01 | g NOP
01 | g NOP
01 | g NOP
01 | g NOP
01 | g NOP
01 g NOP
01 | g NOP
01 | g NOP
01 | g NOP
01 | g NOP
01  gNOP
01 | g NOP
01  gNOP
01 | g NOP

temporary

Im [sp,]

temporary, * 1



CODE

33

33

33

33

33
34

34

33
34

31

43
84
23
11

35
83
02
84
01

84
23
12
35
83
04
84
03
84
23
13
05
04
06
81
35
02
81
03
81

07
05
84
23
15
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POWER SUPPLY RECTIFIER CIRCUITS

KEYS

f
REG
R/S
LBL

CODE

33
35

33
34
34

35

35

34

34

34

01
08
08
84
23
14
01
02
31
09
71
06
06
05
03
23
22
01
08
81
02
81
03
81
04
81
33
09
02
81
51
34
09
22
02

KEYS

1

STO 8
g Rl
R/S
LBL
D
RCL 1

CODE

35
34

34

34

35

35

35

23
01
06
02
71
35
02
81
00
03
71
Ly
71
01
02
02
71
71
07
71
81
23
02
35
83
01
84
07
84
01

KEYS

LBL

1
RCL 6
2

- @ X

X«
2 &
-
w
x

NrEF X X X TN =X =X

U(.Q
%]
N

«
z
o
<

R/S
g x<y
R/S
g NOP

LMIN or L
DSZ

Temporary
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CODE

33

34

33

34
34

R
R,

35
41
31
43
84
23
1
35
83
01
24
03
14
81
24
23
12
35
83
02
24
03
01
81
35
02
71
01
51
32
05
24
23
13
35

CONTROLLED RECTIFIER CIRCUITS

KEYS

9
DEG
f

REG
R/S
LBL
A

9

DSz
STO 1
RTN
RCL 3
D
RTN
LBL
B

9

DSz
STO 2
RTN
RCL 3
RCL 1

| = x 3@

-
[
-

CODE

83
33 03
24
34 01
14
Al
24
23
14
01
34 02
31
05
61
35
02
81
24
23
15
01
33 08
84
34 01
34 02
35
02
71
09
00
81
35
42
31
04

KEYS

DSz
STO 3
RTN
RCL 1

g
RAD
f

SIN

CODE | KEYS

35
33

35

35

34
35
| 35
| 35

| 34

00
51
35
02
08
02
71
61
00
02
71
07
81
31
09
81
35
41
84
09
00
02
22
01
07
31
04
01
71
84

g LST X

RCL 2
g xsy
g NOP

-,

g X<y

SIN
RCL 1

'R/S

DSZ
Used
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INTEGRATED CIRCUIT CURRENT SOURCE

CODE

33

33

33

33

34

34

34

34

Ry
R>

31
42
31
43
84
23
1
01
84
23
12
02
84
23
13
03
84
23
14
04
84
23
15
04
83
06
51
03
81
02
81
31
07
01
02

KEYS

f

STK

f

REG
R/S
LBL
A
STO 1
R/S
LBL
B
STO 2
R/S
LBL
C
STO 3
R/S
LBL
D
STO 4
R/S
LBL
E
RCL 4

6
RCL 3
RCL 2
f

LN
RCL 1
2

CODE

34

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

07
03
61
71
02
81
08
83
06
02
05
43
42
05
71
84
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

KEYS

c DX + W

aN O

EEX
CHS

R/S

g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP

139

CODE KEYS

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
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CODE

33

35
33

33

33

33

Ry
R2

21
02
31
42
23
00
32
51
24
84
23
1
32
61
02
22
01
07
01
22
01
23
12
32
61
04
84
03
22
01
23
13
31
61
05

KEYS

DSP
2

f
STK
LBL
0

f—-l
SF 1
RTN
R/S
LBL
A

f—l
TF1
STO 2
GTO
1

g x2y
STO 1
GTO
1
LBL
B

f—l
TF1
STO 4
R/S
STO 3
GTO
1
LBL
c

f
TF 1
STO 5

Ra2
Rs

TRANSISTOR BIAS

CODE

34
34

34

34

34

34

34

34

34

34

22
00
06
01
81
04
71
83
06
51
05
71
23
02
05
01
61
03
7
06
61
81
22
00
23
14
05
31
61
22
02
13
05
81
03

KEYS

GTO
0
RCL 6
RCL 1
RCL 4
X

6

RCL 5
X

LBL

2

RCL 5
1

+
RCL 3
X
RCL 6
+

GTO
0

LBL
D
RCL 5
f

TF1
GTO
2

C
RCL 5

RCL 3

CODE | KEYS

34

33
34
34

34
34

35
34

33
34
35

06
61
71
22
02
23
15
31
51
84
23
01
07
01
02
71
01
02
61
00
23
07
22
00
61
61
81
06
07
01

RCL 6
+

X
GTO
2
LBL
E

f

SF 1
R/S
LBL

STO 7
RCL 1
RCL 2

RCL 1
RCL 2

g x=y
RCL 7
GTO

STO 6
RCL 7
g NOP

Used

Used



CODE

33

33

33

33

34
34

34

Ry
R
Rs3

21
02
44
84
23
11
35
83
02

01

23
12
35
83
04
84
03

23
13
35
83
22
01
01
03
02
81
31
09
51
01
71
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JFET BIAS AND TRANSCONDUCTANCE

KEYS

DSP

2
CLX
R/S
LBL
A

9

DSz
STO 2
R/S
STO 1
R/S
LBL

DSz
STO 4
R/S
STO 3
R/S
LBL

DSZ
GTO

RCL 3
RCL 2

CODE

34

34

34

34

21
03
24
23
01
15
13
01
81
01
51
02
71
02
71
01
81
21
03
84
23
14
35
83
22
02
15
13
03
81
42
21
83
00
84

KEYS

DSP
3

RTN
LBL

R/S
LBL

DSz
GTO

RCL 3
CHS
DSP

R/S

Ay

CODE

23
02
15
13
34 01
81
01
51
02
71
34 02
71
34 01
81
34 04
35 07
81
35
06
21
83
00
84
23
15
01
33 08
35 08
24
35 01

KEYS

LBL
2

E

C
RCL 1

DSz
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CODE

33

33

33

33

33

34
34
34

34

33

34
34

00
08
84
23
1
35
83
02
84
01
84
23
12
35
83
04
84
03
84
23
13
01
02
03
61
04
71
81
31
09
05
02
81
03
04

KEYS

0
STO 8
R/S
LBL
A

9

DSz
STO 2
R/S
STO 1
R/S
LBL
B

9

DSZ
STO 4
R/S
STO 3
R/S
LBL

RCL 1
RCL 2
RCL 3

RCL 4

Vx

STO 5

RCL 3
RCL 4

PHASE—LOCKED LOOP

CODE KEYS

34

35
34

34

34

34

33

34
34

33

35
34

71
01
35
04
61
71
06
35
83
24
01
05
24
23
14
01
02
04
71
81
31
09
05
02
81
04
03
71
71
06
35
83
24
01
05

X
RCL 1

g

l/x

+

X

STO 6

g
DSZ
RTN
g NOP
RCL 5
RTN
LBL
D
RCL 1
RCL 2
RCL 4
X

f

Vx
STO 5
2
RCL 4
RCL 3

STO 6

DSZ
RTN

g NOP
RCL5

CODE | KEYS

34
34

33
35

35
35
35
35

24
23
15
35
83
22
01
05
06
41
41
04
71
35
04
61
71
02
81
84
23
01
01
08
08
84
01
01
01
01

RTN
LBL
E
9
DSZ
GTO

RCL 5
RCL 6

g N X +\—-LD><.S>—)—>

R/S
LBL

STO 8
g Rl

R/S

g NOP
g NOP
g NOP
g NOP

DSZ



CODE

33

33

35
35

35
42
31
43
33
09
24
23
12
42
08
01
07
24
23
13
34
09
81
07
00
81
02
71
35
02
7
41
15
33
61
01
31
61
22

KEYS

9
RAD

f

REG
STO
9
RTN
LBL
B
CHS
STO 8
1

STO 7
RTN
LBL
C
RCL
9

g x2y
g LST X

fao Mo X 3@ X N

_|
-

GTO

C,
Cs

FOURIER SERIES

CODE

02
15
33
61
02
15
33
61
03
15
33
61
04
15
33
61
05
15
33
61
06
23
02
06
31
61
44
01
33
61
08
34 07
01
61
33 07

KEYS

2
E
STO
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CODE KEYS

34

35

35
35

35

35

35

35

24
23
15
44
08
42
35
83
07
71
00
07
34
09
08
23
01
31
05
09
33
09
44
61
09
71
02
71
24
01

RTN
LBL
E
CLX
RCL 8
CHS
9

DSZ
g x2y
X

g LST X
g x2&y
RCL
9
gR{
LBL

1

f

Cos
g R?
STO
9
CLX
+

g Rt
X

2

X
RTN
g NOP

Jj
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DECIBEL CONVERSION
CODE KEYS | CODE | KEYS | CODE, KEYS

23 LBL 81 = | 35 01 g NOP
11 A 31 f 35 01  gNOP
35 g 08 LOG | 35 01  gNOP
83 DSz 01 1 | 35 01 gNOP

33 02 STO?2 00 0 35 01 gNOP
84 R/S ‘ 71 x ‘ 35 01 gNOP

33 01 STO1 84 R/S 35 01 g NOP
84 R/S 23 LBL 35 01  gNOP
23 LBL 14 D 35 01 gNOP
12 B 01 1 35 01 gNOP
35 g 00 O 35 01 gNOP
83 DSz 81 =+ 35 01 gNOP

33 04 STO4 32 f! 35 01 gNOP
84 R/S 08 LOG | 35 01  gNOP

33 03 STO3 31 f | 35 01 gNOP
84 R/S 09 /x 35 01 gNOP
23 LBL 35 g 35 01 g NOP
13 C 83 DSZ 35 01 gNOP
35 g 35 00 gLST X 35 01 gNOP
83 DSz 84 R/S 35 01 g NOP
22 GTO 84 R/S 35 01 gNOP
00 0 23 LBL 35 01 gNOP

34 03 RCL3 15 E 35 01 gNOP

34 01 RCL1 01 1 35 01 g NOP
81 = 33 08 STO8 35 01 g NOP
31 f 35 08 gRI! 35 01 g NOP
08 LOG 84 R/S 35 01 gNOP
02 2 35 01 gNOP 35 01 g NOP
00 O 35 01 gNOP 35 01 gNOP
71 x 35 01 gNOP 35 01| gNOP
84 R/S 35 01 gNOP
23 LBL 35 01 gNOP
00 O 35 01 gNOP

34 04 RCL4 35 01 gNOP

34 02 RCL2 35 01 gNOP

R4 vV, R, P, R,

R; P, Rs Rg DSZ



CODE

33

34

34

33

34

23
1
35
83
01
84
03
00
03
51
01
00
81
32
08
02
41
71
71
84
23
12
35
83
02
84
03
03
00
51
01
00
81
32
08
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VOLTAGE TO dBm

CODE KEYS

34 01
71
31
09
84
23
13
35
83
33 03
84
34 02
41
71
34 01
81
31
08
03
61
01
00
71
84
23
15
01
33 08
84
35 01
35 01
35 01
35 01
35 01
35 01

RCL 1

CODE  KEYS

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP
g NOP

DSZ
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CODE

33

33

33
34

33

33

R,
R,
R3

23
1
21
83
00
01
01
00
03
07
01
02
83
00
00
03
00
02
06
09
03
01
24
23
12
21
83
00
01
01
07
00
00
02
02

WIRE TABLES Al AND ANNEALED Cu

KEYS

LBL
A

O
wn
o

TN =2NWO-20nmo -
b —
o o
N —

O©OONOWOoOOo

(7]
=
(@)
w

RCL 1
RTN
LBL

[ e]
wn
0

NnNOoOON=-0no -
—
o

—
@)
N

AWG
Resistivity

Density

CODE KEYS

33
34

34

83
00
00
00
09
02
00
03
03
01
24
23
13
21
03
83
04
06
41
41
83
00
00
05
81
01
03
61
03
09
81
35
05
81
43

WwoNOwWOoOOoOOo

STO 3
RCL 1
RTN
LBL

DSP

T O W+ WDl OO0 * 5>—->08
(@]
r
—

< @

EEX

CODE KEYS

34
35

34

35
35
35
35
35
35
35
35
35
35

03
71
24
23
14
13
02
07
41
71
81
24
23
15
13
41
71
03
71
24
01
01
01
01
01
01
01
01
01
01
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HEAT SINKS
CODE | KEYS CODE KEYS CODE KEYS
21 DSP 00 O 83
04 4 35 g 08 8
31 f 83 DSz 71 x
43  REG 22 GTO 03 3
84 R/S 01 1 02 2
23 LBL 3305 STOS 61  +
11 A 84 R/S 84 R/S
35 g 23 LBL 23 | LBL
83 DSz 01 1 02 2
33 02 STO2 33 06 STO6 34 RCL
84 R/S 34 05 RCL5 09 9
33 01 STO1 71 x 34 01 RCL 1
84 R/S 83 - 61  +
23 LBL 04 4 34 02 RCL?2
12 B 07 7 61  +
35 g 02 2 34 03 RCL3
83 DSz 42 CHS 71 x
3304 STO4 35 g 34 04 RCL4
84 R/S 05  y* 61 +
33 03 STO3 07 7 33 07 STO7
84 R/S 08 8 84 R/S
23  LBL 83 - 23 | LBL
13 C 05 5 15 E
00 O 09 9 01 1
35 07  gx2y 71 x 33 08 STOS8
35 24  gx>y 33 STO 35 08 gR!
22 GTO 09 9 84 R/S
00 O 84  R/S 35 01 g NOP
02 2 23 LBL 35 01 g NOP
83 - 14 D 35 01 g NOP
05 5 35| g -
04 4 83 DSZ
42  CHS ; 22  GTO
71 x ‘ 02 2
23  LBL 01 1
R, 0,c R4 Ta R; T,
RZ OCS Rs [ R8 DSZ
R3 P4 RG h R9 Osa
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