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(  Addendum D

PRINTED IN U S.A,

HP-65 EEPAC

This soidendusn contains infarmation correcting
three programs in the HP-G5 EE Pac 1.

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

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

Skin Effect and Coil Q {EEI—18A). The ex-
pression for Q on page 54 yields answers too
large by a factor of 1000, Change the constant
in the equation from 25.59 to D256, Change | |
the answer on page 55 from Q=108 x 10° ||
10 0= 1.08 x 10%, Change the program listing
on page 128 a5 follows:

Step  Change from Change to
&7 0z 2 &3 -
68 05 5 0 0
69 83 - 0 o2
70 05 5 05 5
71 m 9 0% 6
{continued on beck of card) W,
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Introduction 3
INTRODUCTION

Programs for the HP-65 Electrical Engineering Pac [ were selected to
cover a broad range of slectrical 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 probiems,
user instructions and program listings.

Through the Users’ Library and slectrical engineering pac
development, Hewlett-Packard hopes to provide useful programs for
the many fields within electrical engineering. We hope you find
Elecirical Erigineering Pac 1 a useful tool, and we welcome your
comments and suggestions.



q Format of User Instructions

FORMAT OF USER INSTRUCTIONS

The completed User Instruction Form is your guide to operating the
programs in this Pac,

The form is composed of five labeled columns. Reading from left
to right, the first column, labeled STEP, gives the instruction step
number.

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

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

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

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

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

s wemcnows | papduers 'S | ol
|1 oo | LT ] —
2 | Iritiatize I @ 0.0000 % 10"
3 | Inputs | [;]u
T Input impodanes | Z,.8 -EE_II B T3
[T .li!u‘mui‘ l"ﬂ;la;ﬁﬂ_ 2.5 DCJC‘
- “__l-!raq.,.n.;\, { o lil s — il
Quality factor D_ _MCI
+ [Dups ' | s
T wemeno ' [ oo Y
Dutput capacitor [ &l;_] C; F
indveror e we |
B | Recall inputs (aptional) [ F_|I_ _l
a | Input impedance ; @Z 4.9
Ouptimpedines | (AL 2] z.m
| Frequency | a3l tw
I Guuity ety ||| lﬁ‘i{ a
i1 :annummunmueu:l. | [_-:_]_

Format of User Instructions 5

Step 1: The fisst 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 reg,i:.!telrs, if necessary,
and sets an appropriate display format, After initialization, the user
may select another display format if desired. Most programs con-
{ain an initialization routine which is executed by prmslngm,
A 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 mary knowns and unknowns that it was qecessary 10
program key @ 25 a shift key to dl_:uble _the rgncuons of ﬂ;e
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),

Step4: In this step of the example the order in which the output
data is computed and displayed is unimportant. However, it is &
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 hel 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.



Entering a Program 7

ENTERING A PROGRAM

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

Set W/PRGM-RUN switch to RUN,

Turn the calculator ON. You should see 0.00

Gently insert the card (printed side up) in the night, 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 inte the machine. Do not impede or force the card; let it
meve 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.




8 EE 1-01A

REACTANCE CHART
REACTANCE CHART

EE 1-01A
o) c® L@ cac e ' &

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

1
2mA/LC
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:

B
Xe= gt
XL = 2x fL
where X = capacitive reactance in £2
Xy, = inductive reactance in §
Examples:
1. C=100pF
f=100 MHz
Calculate L =25.33 nH (2.5330 x 107%)
Xe=-15.915 2 (-1.5915 x 10")
2. L=25H
f=60 Hz
Calculate C=2.8145 pF (2.8145 x 10°%)

Xp =942.48 2 (9.4248 x 10%)

3 C=001uF
L =160 uH

Calculate = 125.82 kHz (1.2582 x 10%)

INSTRUCTIONS

Erter program

Initiatize

Input knowns {any 21
Frequency
Capacitance
Inductanc:

Compute unknown
Fraquency
Capaciiance
Incuctance
Capaeitive reactance

Inductive reactanice

Recail inputs

Frequency

Capac 1ance

Inchactance
Change appropriate inouts or
gota ? far new case.
The desired frequency must be

nput in step 3.

EE 1-01A

f2ri)2

€ F

L.H

Xe, i1

pIWE 1]




10 EE 1-02A

SERIES RESONANT CIRCUIT

SERIES RESONANT OI:ICUIT IE]E 1-02A
R C ANGLZ
RS B o e m + B

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 caleulated and displayed,

o —A—
Rg

z—> Fo =

o &

The input impedance is given hy

(l —w? LO)+ | R, Cw

R; + R T P RO
gz g & W 1 (1= LO)+j(R +Ry) Cew
L I
where
s = 2nf=jw
[ = frequency in hertz

= {requency in radians per second
= capacitance in farads

inductance in henrys

= = 0 g
1}

= resistance in ohms

EE 1-02A "

The magnitude and angle of Z are

Ry [(1- & LO? +R? € o ]%

_— [(1—? LO)Y® +(R, + Ry C* w1
, Rlw Gt (R, +Ry) Cew
GlZ] =tan™! - - tan e
ANG[Z] = wn | —oiLC I —?IC

The resonant {requency is

Notes:

1. When MAG[Z] or ANG|Z] has been computed, the other
may be displayed by pressing [8] ;

2 Be sure that DEG mode is selected.
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Examples:

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

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

STEP

1

2
3

4
|
1

EE 1-02A 13
nsmucini_ | bAvaS | TS DATATNITS
Enter program = :__Q A |
initialize m@
| ooresiamor. A [ E JL A
Farallai resisioe Aot E[: .
Canacitor cF LEIE]
e I [ [
Frequency o f. Hz E: ]
Select desired ouTputs [__][___] |
[ Resonant rm:;mnﬂr |EE e He |
Magnitude of impedance I = . | MAG[Z], 0
Angle St inedencs ) J[]IHI] ANG[Z], d!g
| Racall inputs (optional} [:”:
' (Ret ][] R.m
B mEz] me |
R3] cr
[Rv[a ] wun
. B [
. For new case, return tostep 3 ‘ :II:'
[ 10 anter any new vatues [

f, Hz MAG[Z], 2 ANG(Z], degrees
1 MHz 1565.56 -80.96
15 MHz 11.90 -85.11
16 MHz 1.46 16.64
100 MHz 611.20 86.40
2. R, =10%
R, =0
C = .159155
L =.159155
Calculate
fr = 1.0Hz(1.00x10°%)
f,Hz | MAG[Z],2 | ANG[Z], degrees
05 1.50x10° | 270x 10
1 7.16 x 10~ 9.00 x 10

15 | 833x107" 9.00 x 10*
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PARALLEL RESONANT CIRCUIT

PARALLEL nsamn‘r?nn [E}E 1038
ANG[Z
R® %8 I{IEI mac[z] + @

This program computes the input impedance Z and the undampe *

natural frequency f, of the parallel resonant circuit shown. At an
desired frequency, the magnitude and phase of Z are calculated an
displayed. A special routine allows automatic incrementation ¢
frequency as a plotting aid.

o

; 1

The input impedance is given by

Z:l s = JR'L(‘)
Cgaye !l 4 1 RUI-0'LO)+jwl
RC LC
where
§=j27f = jeo

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

EE 1-03A 15

The resonant frequency is

. 1
AT -
2n/LC
The magnitude and angle ol Z are
RLw
MAG |Z] =—— oo S
l I [Rjtl_wlm’i +w2L1iA
ANG[Z] =90° - tan™! #’:
R(1 -w*LC)

Notes:
1 When MAG[Z] or ANG[Z] has been computed, the other
may be displayed by pressing [8] [x27] .
Frequency incrementation may be made multiplicative by
changing the programs as follows:

PRESS [1]

SWITCH TO W/PRGM

PRESS Bl=]E

SWITCH TO RUN

12
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Examples:
1. R=1008
C=100pF
=10uH
Calculate

f, =5.033 MHz (5 032 921.21)

Set up iteration
fp=0,46f=1x10°

f,MHz | MAG[Z],2 | ANG[Z],degrees
1 54.74 56.81
2 83.07 33.83
3 94.62 18.88
4 98.94 834
5 100.00 0.24
6 99.38 -638
7 97.82 ~11.99
8 95.68 ~16.89
9 93.21 ~21.24
2. R=50009

C=1uF

L=3mH

Calculate

f, = 2905.76 Hz

Set up iteration

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

f, Hz MAG[Z],Q | ANG[Z], degrees
200 379 | 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

2-%‘?9

| Salect desired output

EE 1-03A 17
STEP INSTRUCTIONS | DATARNITS KEYS | para/UNITS
e o
2 inivalize o ﬁ[ﬁl@
3 | Inputwalues _ij:ﬂ
' mn LAl
i or [CEIC8]
| ww [EIC |
a !Cnmpul!nalwli L. _l:l[_:_]__
Trequincy (ontianal) B IE_IIE:_]I f,. He
5 llnput Irequency I_:_[: =
| - 1. H2 IEL___I

—h__p__|_t| HAG[Zl b

EI!:&:] ANGIZ] d m
IFm_newme,r!tum msten.'x. T _:_E_E o
s |
"En inputs {optional) - _| E[_—_J__
| | TRl o
- =
S (RELJC & ]| Lw
- Re] 5 || rm
i{omiml iteration] — _[_:]__:i'
{input sl;rringf fo. Hz LT_‘
.|nput increment At see note 2 @[:_I
Branch to LBL 1 @Ll__] o
Dispiay 1 - [CREJC_1] ewe
Display MAGIZ] |“_—5JL:H MAGIZ, &
lbispay ANGIZI @E ANGIZI, deg. |
T P—— |]:|__—|




18 EE 1-04A

IMPEDANCE OF LADDER NETWORK

. oruooenmerwon  EE 1-04A
Rs L G xiy v B

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 +(i +j0)

i 1
Ynew =1 Yirl"'(o"J w]_,,)

Yint(0+jwC
| Vin 0+jw pJ

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

/ :
(YLM +(R, +j0))

Ynew =9 (Y_lm +0+jw Ls})_

\(?i‘ #(o- wlc,))d

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
o o 2.56uH
500
z— —I—MDF 2400 pF
o_._ -
INPUT Iy
R, =50 50.00%0.00°
C, = 2400 E-12 15.74 % -71.66
L, =256 E-6 49.65 % 84.,28°
Cp =796 E-12 497.69 % 0.98° =500% 0
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2. f=(n) ' He

Rp = 1000
Rs = 1000
R, = 2000
L, = 1000
¢, =.0005
Cp = .0005

L, =-100
L, = 1000

20000 1000

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°

| STER

1

& W (W

5

73

8
\

Enter program
Iritiglize

Inpust frequancy

or Saries inductor

INSTRUGTIONS

Input a perallel elemant
Parallel resmstol
Parallel inductor

Parallol capacitar

Inpuit #nather elament

Series resiitor

or Serids capoeoitor

o Paraltel resstor

or Parallel inductar

or Parallel capacitor
i

Optiona!l outpul

Anglaof Z;,

Aeturn 10 S18p 5 10 I1PUL NEXT

element

Return ta step 2 for a new case

EE 1-04A 21

[ outPut
| DATA/UNITS |

Fidd

D_| MAG (Zal |
-]:] MAG (Z.] |
[I}[:J | MAG [Zy
:]:l
EMII MAG 12, |
El__j_] MAG [Zq]
|D[__T_l MAG (2l
Call_1 wacizal
a0 wasiza)
Lol magizal
=
_g___n_' Ama_;z..l
|:JL:|
|
| — |




2 EE 1-06A

T ATTENUATOR

T ATTEMUATCR EE 1-05A
E;% LOSS (db) R;% Rs® + @

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 Ry, Ry, and Ry which will yield an
attenuator having any desired loss.

=2 -0

The minimum loss in decibels is given by

Z, Zy
Min Loss = 10 log 7 + = 1
2 2

Z,=212,

where

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

2V NZ, Z,
N-1

N+1
R’=Z‘(N-1)"R’

N+l
R =z’(N-1)'R3

Rg:

Note:

If the desired loss is less than
be negative,

Examples:

Z,=759

21 =50 Q

Loss= 6 dB

Compute

Min Loss = 5.72 dB (5.7195 x 10%)
R, =43.34 0 (4.334 x 10%)

Ry =157 (1.5715 x 10°)

R, =81.97 Q (8.1973 x 10")

EE 1-05A 23

the minimum loss, Ry will

For new case change inputs

instep 3,

2. Z,=500
Z,=500
Loss=10dB
Compute
Min Loss =0 dB
R, =25.97 £ (2.5975 x 10)
R, =2597 Q(2.5975 x 10')
R, =35.14 Q (3.5136 x 10')
[sree wsTRucTIONS m%m.rms KEVS .,,‘%T;;".‘.'.Ls__
. 1 Enter pragram . |:__Il|_—|_.
2 .lnitialize @r
Source impedance Z, 8 EE |
Termination impedance Zi. 5t ;_zr__ | |
Desired Loss | Loss o8 Ql_j | Wi b B |
{If Min Loss > Desired Loss . lj[__l
enter a new Desired Loss) E 7; L
4 .Ou'muts |:|.__] o l
i Ry e[ c _oma |
| fiz Cell 1 num
Ry (o] 1 82
5  Recall inputs (optional) ___”_ 1 .
' (el 1] z.e

1

[ReL][ 2 | z.@ ‘

i ——



29 EE 1-06A

Pl ATTENUATOR

PIATTENUATOR EE 1-06A
%;g LOSS (db) E' R:® 4 @

The PI attenuator can be used to match between two impedances,
Zy 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.

The minimum loss in decibels is given by

7 T, ’
Min Loss = 10 log Z + -2——1
2 2

where Z;, =27,

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

%
dl (Zl z*)
Re=30N- 1

L=_I(N+1)_ 1
R] Zl N-l R;

EE 1-06A 25
Examples:
j Z, =758
Z; =500
loss =6 dB
Compute
Min Loss = 5,72 dB (5.7195 x 10%)
R, =2386.20£2(2.3862 x 10°)
R, = 86.52 Q (86517 x 10")
R, =4575 0 (4.5747 x 10"}
2. Z;=5080
Z,=508
loss =10 dB
Compute
Min Loss= 0 dB
R, = 96.25 £2 (9.6248 x 10')
R; = 96.25 2 (9.6248 x 10')
Ry =71.15 8 (7.1151 x 10)
STEP INSTRUCTIONS DATA/ONITS Kers DATA/UNITS
1 Enter program l:l:l
—2 _’-Iillla-liﬂ‘ B - -lﬁm@_
Source im;nn:e_ . 2,0 ’E!T |
Termination impedance ;0 C& '.'__-.
Desired foss " Loss, 0B EEE Min Loss, dB
. (4 Min Loss > Deesired Loss, :]L__l
[ I enter 3 new Desired Loss) . : 1 I
4 Oupuns |
L} Ce J 1 Raun |
5 Recall inputs (optional) i C __ |
RELIL 71 z.it ]
1 HCL__‘l:i__]. 2.6 |
L 8 .Dmngev nputs in step 3 for i—_l :
row e T |



% EE 1-07A

WYE-DELTA OR DELTA-WYE TRANSFORMATION

e mere wrs EHTIII WPEDELTA OB JELTA - wrE EE 1-07AZ
Rase™™ Mana Rz Sk Gev  ver B

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.

o AM—e—AN—0 o

L] | Yz Y
v.‘,‘?z, Zy Ma o Zn
o————8—0 o
, . LZ 5 ( Y, Y, ) -1
'V ZatZ, T Z, CNY, Y, 1Y,
ZiZs Y. Y,
Fogemsae o STEEEE
P Tt Iyt L, Za= (Y,nf,w,)
2,=_ bl z z( Y2 Ys
I 7 b Y,+Y,+Y3)
Note:
1.

It is very important to observe the component designations.

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

Examples:
1.
[ ——

EE 1-07A 27
2.

AAN——NAN—DO
o— A s ME+j125

204%0 — 85+ )20 a5+|28
o —9 '

STEP | INSTRUCTIONS —WT——FD*" :]

1 znmrplwm‘ -
2 -Immimu “_NW L
3 . Input |mp¢;nﬁﬂ —L___I[:—._I i —
oA [ s
. ' [ |
L S S i
=T X _Ej 3
A S—s
[ % e |
o ! :_J’:
' R ' I o s
. = e @
I ' [ o | S
oA N ' L:”:_]_ i
T | I___H:i 3
| % ' )
_4 -Enr.er program 2 . Q’j_
[ & e wieonn =
—-anr =T . ELZE
Vet ar Tom . EE:I_
s ._mlputlmpednﬂm l_:”_:—-], ot
| | . Ca )1 siorm,
| | __—lr_-l Xy or Xy
L | v [ T
’ [ T ] xorxs
l 1 'Z':_J A3 or A
JInm —
7 .Fnrnmw return wstep 1 . JD




28 EE 1-08B

MINIMUM-LOSS PAD MATCHING
MINIMUM - LOSS PAD MATCHING EE 1-08B
2,@ 23 Ry Rz Loss @

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

0~Jv:/s, 0
!

—z— Rz ——z—

o —0
R, 2

Example:
2y =1200
Z; =500
Calculate R, =916.52 0

R, = 654.65
loss = 8.73 dB

EE 1-08A 29

| Wl [ outmms | " | ok |
P. s ]| |
| -1nnut6 E::l
| Input impedance z,_ohrm__;&__,__‘l:
Output impedance Z;, ohms L__-E.__J:
3 .Oulpuu - [:I—_]

I Sznnrﬂistar_ Eﬂ: Ri, ohms
Shunt resistor |_T,_]:|‘ Ry, ohins
Attenuation [E[:l' Loss; 48

4 | Recall inputs _i'.___‘] | =

| FEI 1] 2o

] 5 iFa«newcu_se_rhans!iHWH in _l;__:"J.
| step 2, [_—.i:‘




30 EE 1-09A

~ PINETWORK IMPEDANCE MATCHING

(=" = §

A lossless network is often used to match between two resistive

impedances Z, and Z,, as shown

- TC1 T(:l B
o 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:
_Z 1
Xear=gq R =
Zy 1
Waz= ==
Sl % Ca 2t X g
= (@ +1)-1
Z,
Qz z X
K=t 14272 e
Q% +1 QXca 2nf

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

Zy (2
7, @+1>1

| 6  Fornew case, retumn to step 3,

EE 1-09A 3
Examples:
1. Z,=500%2
Z,=508
Q=10
f=4 MHz
Compute
C, = 796 pF (7.9577 x 107'?)
C, = 2400 pF (2.4006 x 1077%)
L=2.56puH(2.5639x107°)
2. Z2,=75Q
Z,=509
Q=4
f=100MHz
Compute
C, =849 pF (8.4883x107'")
C, =1023 pF (1.0232x 10°'?)
L=50.7 nH (5.0657 x 1078)

STEP SNETRUCTIONS mmrls __ kexs nm
1 Enter program ]:H_j -
2 inelize Camn ][5 | ooo00 x10°

3 nput s [ |
| tipacimpsding | ze [CE10A]]
Ourput impedance zia  |[A 1|
Freauency _wm [EJe]
e - S [ v | B
4 Ouputs (|
I Input capacitor ]I][I“ C,.F |
Output capacitor E_iil [ Ci F
Inductor ﬁ'___“:] LH
5 | Recal inputs (optional} [___-j[:
| ot imedecics @FIJ 2.0
Output impedance | [meL [ 2] 0
Fraquency EE f, Hz
Quality factor . :@L_i_] Q .
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BAND PASS FILTER DESIGN

) O — eEvion | wrssTERE  EE 110AZ
A = ta = -
(mg ™ e & « g = "

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

o & —Q
f-f 1
Caz_zz__‘_- Cb=—__
wfi fy m(fa-f))R
T _R(5-f)
m(fy - 1;) 4rf f;

Xa _ (@?CiLy - 1) (1 - @*CyLe)

4Xy 4e0?Cy Ly

where

f = frequency in hertz

w = 2rf = radian frequency

fy =low cutoff frequency in hertz

fy = high cutoff frequency in hertz

i, = 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

Let A = attenuation in dB, then

EE 1-10A

a3

for
0<% A= 40loge [smnt /2
4Xp = 4Xy
for
X,
-1 < <0, A=0
4X,
for
Xa X,
<-1, A=40loge [cosh™! -
4Xy 41Xy,
Note:
Frequency may be plotted logarithmically by changing program 2
as follows:
PRESS (G0 (2]
SWITCH TO W/PRGM
PRESS (8] [o&] [x]

Record modified program on other track of card 2.

SWITCH TO RUN



34 EE 1-10A

Examples:

1. f1 =300
f5 = 3000
R=350
Compute

C,=4.775 uF (4.775 x 107%)
Cp=2358 uF (2358 x 107°%)
L, =5.895 mH (5.895 x 107%)
Ly = 11.94 mH (1.194 x 1077)

Enter
fl.. =100
fu =3600
Af =500
f A, dB
100 3235
600 0.00
1100 0.00
1600 0.00
2100 0.00
2600 0.00
3100 493
3600 11.82

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

Cy =5 uF
Cp =2.5 uF
Ly =6mH
Ly =12 mH
f A, dB
10.00 72.50
31.62 52.45
100.00 31.87
316.23 0.00
1 000.00 0.00
3162.28 822
10 000.00 35.00
31622.78 55.40
100 000.00 75.44

Inputs

Calciilate

[optional)

N —

e
DATA/UNITS

EE 1-10A 35

OUTPUT
HEVS L_mumrrs

Enter program 1

Initialize
Low cutoff freg.
High cutoft freq.

Image impedance

Quitputs lany order)

For new case go to step 3

Set up for plot

Freq. lower
Freq. upper

Freq. increment

Input real companent values

Aoproximate Cy
Approximate Gy,
Approximate Ly
Approximate Ly

Enter program 2

Dutputs

Frequenay

Attenuation
Repear step 8 until flashing
zera indicates all output has

been displayed

_h.Hl
i3, He
RO

=

(CIC |
|(NIRE ]
| ==

[ o
=

_E_[J—w: L

Retwrn to step | or proceed o

step 12

Input desired frequency
Qutput

Attenuation

For new case return 1o step |




36 EE1-11A
ACTIVE FILTER - LOW PASS

EE 1-11A 37

Given

’ M:MFIL?-LWW E1,“n
a c
_ s 88 B R ¢

VYo .
G= = . the desired low frequency gain
i

1]

The transfer function of the active filter shown is

f,, the cutoff frequency in hertz
o, the reciprocal quality factor or “alpha peaking factor”

C, avalue for Cg in farads

the program computes values for Ry, C3. Ry and Ry according to

R, Ry R4

G,

B
v, 97" mRRr0a0, Py s(1+ 1, 1)+

! the following formulas.

R3R4C,C4 % 3

Note:

If @ is not specified, o = /2 is used, giving component values for a
Butterworth filter.
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Examples: = = o —;m-—m' ij
1. f.=100Hz EIrEE 1 [ | S
f::{% (defaull valus) 2 Initialize L B = . __@] |
3 inpus ) i _zﬂ————‘
g”-‘:“' ooty | terw | EICAT]
g " Ovensti gain s A1
R; = 112540 Q2 e | H—_ﬁ'""
. W . [ | ot [ er 0o
f; 4 gi?‘:‘;‘:;g;}" ) T T B s s |
2. f=10Hz 1T ) mea
G=10 i N e |
a=1 | , o
C=10uF [ 5 Recallinputs tostionall JE:H: |
Compute | | Cutoff fraquency T @[_j‘ foH:
R; =79.580 | Overall gain 2 6
Ry =72340 | 2 damping factor N | [ | T
C, = 440 uF (4.400 000 x 107*) [ cepeciorcs —=iC T -

R, = 795.77Q o P r— | |




40 EE 1-12A

ACTIVE FILTER - HIGH PASS
ACTIVE FILTER - HIGH PASS EE 1-12A
¢ @ W o J

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

Ve o C, 42

C
st + HofmrL +—] +L + —I—
Rs C]C‘ Cg C3 R; R5C3C‘

EE1-12A 41

Given

o

. the desired high frequency gain

cs A
e :
f,, the desired corner frequency

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

C, =5 =C, farads

this program solves the following equations for the values of R,.
Rg, and Cy.

=
1
2rf. C (2 + E)

- 2G+1
ST a2af.C

R; =

Cq=

alle]

Note:

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



42  EE1-12A EEtun 8

Examples: r1 STEP  INSTRUCTIONS GRS SEVS DATA /0N I
1. f,=0.1Hz L | SR LB |
G=1 2 Initialize
a=v2 (default value) 3 inputs (any crcler) - |]:l_|;* ]
C=10uF Corner frequency fer H2 II“I'
et [ T oo PR - |
R; = 75026.36 2 i 2 x camping factor e [EJ[E
R = 337618.62 & . ' Capacitors €, and s cr [ ]
Cy = 10 uF (1.000 000 x 10°7) . lﬂul;utl '___'L:lr_;-l i
fy =10 He  Resisor R B Cedic | me
G=10 Resistor s Ce 1 men
g: ll LE I Capacitor Ca E]_E Ca. F
C te - | Fecall inputs [optional) | @[;l
R = 1578.81 2 | comertiauency  mer E| e
R, =334 22538 0 Overail gain ez s
C, =0.1 zF (1.000 000 x 10°7) 2 x damping factor EeLdfs ]| e
T Capacitors C; and Cy LB_.Q.'::EI_I C.F
B Aetrn 1o step 2 for new case 1 ]:][:
* @=+Zil notentered | l—1r-—]
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BUTTERWORTH FILTER

BUTTERWORTH FILTER EE 1-13A
e R@  6® G W B

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

1 (2i-Da
sin 2

, i=1,3,5, ...

EE 1-13A
Example:
n=6
R=500Q
=10 MHz
Campute
c1 = 164 8 pF (16477 x 107'%)
=113 pH (1.1254 x 107%)
C3 =614.9 pF (6.1493 x 107'7)
Lq = 1.54 uH (1.5373 x 107%)
Cs =450.2 pF (4.5016 x 107'%)
Lo = 412 pH (4.1192x 1077)
_EE1-13A ’
STEP WETRUCTIONS | DATA/UNITS KEYS DATA/UNITS
1 Enter program ::]
2 Inputfilter l;rnm:mrs_ _-Eﬂir-
| Fiiter order | n [ A I[_—___I
B Termination resistance ‘ R 2 [ 8 I
I Corner frequency | te, Hz _[_C | o
_:!_iﬂvul element values [ ]
| Position of C valug [EI Al Ijoad)
Capacitance 1 G, F
Position of L value i ___"|- N _ iteven)
| et A [
4 Repeststep 3 until flashing Il
20 indicates all data has been ‘l_:" - |
dispiayed, i ~ | I

5  Return to step 2 for new case
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CHEBYSHEV FILTER
/‘_munm - EE 1-18A1 CHTRTRTY L TES EE 1-14A2 ]
nE R® @ co8 cac B | .

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.

AA—
R

71

Lo
3 Ch &g R

O

The capacitors and inductors are given by

b= i=1,3,5
'_21rf.;R' i 33; 3 01
RG;
= i=24,6,.. -
L i i=2,4,6,.:,(0=1)
where
2a
G=t
7
G A g
! bi-l Gi‘—_].l W ' ool

€
In (colh %Ee')
y=sinh jn_.

n

L

Example:
n=7
R=508
fp=3.2 MHz
e=0.1dB
Compute

€, =1175 pF (1.175x 107%)
C, = 2086 pF (2.086 x 1077)
Cs = 2086 pF (2.086 x 107%)
C,=1175 pF(1.175 x 107%)

EE 1-14A 47

sin [‘2‘—21'] g - 212,30
2n

B; =Rk sin? (ET.) S % B
n

L,=3.538 uH (3.538 x 107°)
Lq=3913 uH(3.913 % 107°%)
L, =3.538 uH (3.538 x 10°°)

E-a" | INSTRUCTIONS i KEYS . mofm
| 1 I Enter progr‘am 1 I__EI_ j
i 2 | Inputs lany order) Lj;
I Filter order n rLlj
Terminetion resistance R, 2 !jp__'l_—J | ]
Cormer trequency fe. Hz L€ !:__] ‘
Passband ripple c,f187 __D l 1]
| 3 Begin calculations :T_ILT_]
| 4  Enter program 2 _____ ] — ‘
| % ougues 1 |
i | Ccounter | [Ta [ | itodd orifeven|
I Component value ,j_- l_ | C.For L H |

-1 Repeat step 5 until flashing zero
indicates all deta has been
displayed

7 Gotostep 1 for new case
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CAPACITANCE OF PARALLEL PLATES

CAPACITANCE OF PARALLEL PLATES EE 1-15A
€D d@ L® W@ c &

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

mately by
w
[1+P]

where

0; 100W>L

P=
d 2rW
rrW( +In q ) L=z100W

€, = relative permittivity of medium between plates
d = distance between plates in cm or inches
L = length of plates in ¢cm or inches
W = width of plates in cm or inches
C = capacitance in picofarads
The formula given is accurate only when L >> d and W >> d,

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

Examples:

1. =1
d=.01cm
L=10cm
W=1cm

[srer

1

‘ 2

3

EE 1-1BA 49

c |
d=.0l cm
L=101cm
W=1cm

C=88.5 pF (8.854x10") C =915 pF (9.155 x 10%)

=1 4. &=1
d=.01cm d=.01cm
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%)
womron | ol mm

Enter orogram |
Initiatize RTN R.I'S -2.540
e E—IZI

Relative parmittivity o ;. . | ml—l

Plate spacing
Length
Width

! Outputs

Capacitance

Capacitance with P =
Recall inputs (optional}

Relative permittivity

Plate spacing
Length
Width

new case

Input inches negatively.

o

Change data in step 3 for

[ demorin E_j'—_] d.cm
Lemem [€ [ ] Lem
| Wemerin®|[ B 11 Wem
| =]
[CEJC|  cpF
Re] 11«
[ReL ] 2z | dem

-’_H€LJ C3 ] Lem

ReL | 4 | wem
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SELF INDUCTANCE
OF A STRAIGHT ROUND WIRE

OF STRAIGHT ROUND WIRE EE 1-16A
a@ @ ur@ L, L 5

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

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

4/ He
Ly=0002 [In — -1+ —
("d 4)

where
L, = inductance in uH
I'=length in centimeters or inches

d = diameter in centimeters or inches
iy = relative permeability

The high-frequency inductance is

= ﬂ -
L=0.002 (ln > ])
Note:

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

.

| |F not specified, p, = 1 :E

EE 1-16A 13
Examples:
I d=0.10 cm ($18 AWG)
=25cm
a4 = | (copper)
Compute
Lo =0.31 uH
L=0.30uH
2. d=002535in. (#22 AWG)
I=5in.
=1
Compute
L,=0.15uH
L=0.14 uH
STEP INSTRUCTIONS nA':'mrrs KEYS | gourm...
o P o
2_ Initialize o I T 0.00
3 [ Inputs - " J:“:J |
Wire diameter 7 | d.em orin*® E:— d, cm
Wite ie‘nq_lh__. I f.. cmorin® [B—_:] |
_F.l.e.ln(iue oetmaai;i;nv ] T = _E[:]-—
s Oueus | s |
I Low frequency inductance . | m:} Lo, 4H
Hiah fraauenzy inductanos | . [Ij:l L
i ] I Recall inputs (optional) . N L__.il
[T Wie diameter B [[REL][ 1 | dem
Witelnnqm__ . _R"C—LH___D {em
FRelative permeability . [ EJ“ i
3 .ﬂelum 10 step 3 for new case. . - [:]E
Cll Input inches negatively [ . I j’j
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INDUCTANCE OF A SINGLE-LAYER
CLOSE-WOUND COIL

MUCTIDSE oo o EE1-17A
R® D@ N@ L® CALC

The inductance of a single-layer coil is given approximately by
Wheeler’s formula:

N? R?
" 9R+10ND

where

L = inductance in uH
N= number of turns
0 tentre of wie

R = instde radius of cuilhin inches

D= turn spacing in inches

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

three.

Note:

This formula is accurate to about 1% when :]—R > 3 (Rediotron
Designer’s Handbook, 1954, p. 432). Y

EE 1-17A 53

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

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

-5 R=1inch
D= (.086 inch
N =30 turns

Calculate L=2586uH

[ = = TTNeUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA /UNITS |

1 Enter program

2 Input knowns lany 3

Coil radius R, inches
l Turn spacing [3, inches
Number of turns L
i Inductance L, uH

| 3 Caloulate unknown {any 1)

Goll radius R, inches I
Turn tpacing 1 D, inches
Mumber of turns . L?_ll_TJ N
Inductanee e L D__‘ L, uH

4 Recall inputs L_”_ _'_
Coil radius I&' —1] A, inches
Turr spacing . [ RC‘EI'_T\ D, inches
Mumber of turng @& M-
Inductance LL_h'i— L.uH

§  Fornew case, return to step 3. |
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SKIN EFFECT AND COIL Q

(8™ 57 =™ 3§

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

I 1 _ 6608

_ cm
Vrou T NG
R, = .3[.& =261x10""vf ohm

100
R= dRs ohms/meter
w

where

= 4m x 1077 henrys/meter

! = 1924 x 10°% chm-meter (copper)
o

= frequency, Hz

d = diameter of conductor, em

This program also computes the Q of an unshielded solenoid usi

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

ford> 5.8 and 0.4 < % <08

0256
Q = 2559 ([.]8-+sin(.38+ 1.2 lug%)) DT

where

D= mean diameter of coil, cm

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

! =length of coil, cm

[ = frequency, Hz

Notes:

1.

2

Examples:

1. =100MHz

d=0.1 cm

EE 1-18A

Compute & = 0.00066 em
R. = 2.61 x 10°* ohms
R = 0.83 ohms/meter

2. f=100MHz

d=0.05cm
D=0.2¢m
=1cm

Compute Q= 1.08 x 10°

STEP INSTRUCTIONS

1 Enter pragram

2 Initiahze

3 Input conl data
Wire diameter
Coil diameter
Conl length

Freguency

4 Compute desired outputs

Skin depth

INPUT
DATA/UNITS

@ of unshislded eail

Rixistance per square

Hesistance per meter

5 | Return to step 3 for new data

KEYS |
d, cm _ME |
oem [A ]

Len (e Jle])

I [ |

-
el 1
o1
—(—

OuTPUT

DATA/UNITS

55

Skin depth & and surface resistance Ry may be computed at a
given {requency without inputting coil dimensions.

The machine will be left in RAD mode.
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SKIN EFFECT AND COIL Q

(8™ 57 =™ 3§

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

I 1 _ 6608

_ cm
Vrou T NG
R, = .3[.& =261x10""vf ohm

100
R= dRs ohms/meter
w

where

= 4m x 1077 henrys/meter

! = 1924 x 10°% chm-meter (copper)
o

= frequency, Hz

d = diameter of conductor, em

This program also computes the Q of an unshielded solenoid usi

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

ford> 5.8 and 0.4 < % <08

Q = 0256 ([.]8-+ sin (.33 +1.2log %)) DT

where

D= mean diameter of coil, cm

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

! =length of coil, cm

[ = frequency, Hz

Notes:

1.

2

Examples:

1. =100MHz

d=0.1 cm

EE 1-18A

Compute & = 0.00066 em
R. = 2.61 x 10°* ohms
R = 0.83 ohms/meter

2. f=100MHz

d=0.05cm
D=0.2¢m
=1cm

Compute Q= 1.08 x 10°

STEP INSTRUCTIONS

1 Enter pragram

2 Initiahze

3 Input conl data
Wire diameter
Coil diameter
Conl length

Freguency

4 Compute desired outputs

Skin depth

INPUT
DATA/UNITS

@ of unshislded eail

Rixistance per square

Hesistance per meter

5 | Return to step 3 for new data

KEYS |
d, cm _ME |
oem [A ]

Len (e Jle])

I [ |

-
el 1
o1
—(—

OuTPUT

DATA/UNITS

55

Skin depth & and surface resistance Ry may be computed at a
given {requency without inputting coil dimensions.

The machine will be left in RAD mode.
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TRANSFORMER DESIGN

TRANSFORMER DESIGN EE 1-19A
NPD 1@ A® Bm® EE® [

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

A rough estimate of the net core arca required for a temperature
rise of about 50°C is given by

v Woud/f
(AC)GL: ‘%

where

(Ag)esy = estimated core area in square inches
Wy = transformer output in watts

= frequency in hertz

The number of primary turns required is

3.49x 10° Eg
p= ———— tumms
[A. By
where
Ny, = number of primary turns

B,, = flux density in gauss

E,, = input voltage in volis

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

Example:
f=60Hz
Woui = 20 watts
Compute

(Addes = 80 in?

EE 1-12A
Enter
Ep =120 volts
Ac=1in?
B, = 13,000 gauss
Compute
Np =537 turns (536.92)

[ster |N;'r;u_§:'nous Mg - KEYS o Thomn "
1 Eu‘ler prograrm |: [. __. —‘
2 1t mirtimum core tequirement |__ :

i krigwn, skip to step B I_ - __]
3 Input frequency f.Hz T | f. Hz
4 Initialize [as [ | 3es000
5 |nput transformer output and [ 1 _J
compute min core VW [ RIS ] (Mg tosr
6 Inputs knowns (any 4) L_ _____
Mumber of primary tuems Mg L. -ﬂ__‘—- |
Frequency 1, Hz | - :
Core area A, fin)? | C I _ |
Flux density By, Gs Lo _i
Primary voltage Ep W [ E
7 HReinitialize [rrs | 3490000
8 Compute unknown '-_ I _J
Number of primary turms Al _ M
— B . 1. H2
Carearea i_ = Ag. in?
Flux density [ B, G5
Primary voltage jE_ Ep W
a Recall inputs [optional) =]
Mumber of primary 1urns ‘_F!E‘-L_ i Mg
Freguency [ RCL __? f. He
Core area ACL 3 A, Ging?
Fiux density RCL 4 Bm, Gs
Primary voltage RT 5 =
Pawer autput |RCL 6 | Wour W

10 For new case return tosiep 2
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59
REED RELAY DESIGN The program coniputes
Wire size (single insulation)
Number of turns
@E:.:;:;m@ EE 1-20A1 Coil resistance, §2
" o} oo @ ::Q) e i) S Coil power, mW
Pull-in voltage (MAX @ 25°C), volts
Drop-out voltage (MIN @ 25°C), volts
HEED RELAY DESKN EE 1-20A2
CALC WIRESIZE COLR PULLIN  [5l using the equations below which assume a 50% overdrive.
#TURNS POWER DROP-DUT =
L(OD ~ID
Winding Area A= L( = e
This program designs a reed relay given the following data: )
Winding Volume  V,, =.7854 ( (OD)*~(ID)*)L
Sensitivity 5
= i F , 4 . . 2N, I
Simax = maximum ampere-turns needed for pull-in Wire Size WS = INT [4 In (?jggj(-aﬁ:fl))smu, ) + .:]
Sein = minimum ampere-turns needed for drop-out
V =operating voltage Number of turns T=8.57 Ae??ows

0992 g2 3%

Geometry of coil Resistance of wire R=

ohms/inch

12000
L = el length, emor in.
113 = inside diameter, cm or in. s R,= ()i+ D -
0D = outside diamelter, em or in. 2
VZ
Coil power P=_— 1000
Re
i = 1 18may
Pull-in voltage Vo = — T R,
3s
Drop-out voitage Vg, = min_ B
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Example:
Length = 8 in.
OD= 3in.
ID=.2in.

Sinax = 50 ampere-turns
Sinin = 30 ampere-turns
Voltage = 10 volts

Compute

Wire size = 43

Number of turns = 6479

Coil resistance = 874

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 turnsg = 3260

Coil resistance = 220 £2

Coil power =455 mW

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

EE 1-20A 61

i STEP INSTRUCTIONS. m‘lrms KEYS | DATA/UNITS
| 1 Enter program 1 L_H._:L I
i F Initialize - @i |
: 3 _Inpu! parameTers . ,I:l:li
i Length  Lemorin.® I mg|
! Outside diameter 0D, em ar in. -i I“: |
| Inside diameter’ D.emorins [ c [
: — T T
. Minimum sensitivity .S.n...amnm“ I E
Vol voors € JLe ]|
| 4 Begin caleutations | B | | oo
5 | Enter progiam 2 9 1
6 Continue calculations I“:l 0.00
7 Output data I—__”__—I [
| Wiiesies e IC_1| wiesiee
Number of twms . '_RTS_”—J Mo, of turns
Coil resistanice [o [ ] colna
o pawar RS ] rower.mw
Pull-in voltage [ E][:] V;,,_valn ]
Drop-out voltage | m]r: \I';, valts
8 Input new wire size WS . ES_‘[‘E 1 |
o Rewmtosep?. o
10 Return tostep 1 for new case :ﬁ|

Input inches negatively
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IMPEDANCE OF TRANSMISSION LINE 3. The cheracteristic impedance of a single conductor near
ground is
MPEDANCE OF TRANSMISSIONLINE  EE 1-21A _ K 4D
& @ £2 Zn + = Zy = 1o; 5
DE k0] = €
where
This program computes high frequency characteristic impedance B ) .
for three types of transmission lines. D = spacing of u?mer of conductor from ground
d = conductor diameter
L. The characteristic impedance of a coaxial line is €, K as above
Examples:
Zy = N log e 1. D= 68 m RG-218/U coaxial cable
Ve d d = .195in.
€ = 2.3 (polyethylene)
where Compute Z © =49.38
D = inner diameter of outer conductor 2. D=é6.in, ) . )
d = outer diameter of inner conductor d = D808, (#12 AWE wite)
€ = relative permittivity of dielectric medium € =1 (air)
Compute Z » +» = 599,66 {1
F 3. D = 6in.
K= Lt =138.06 2 d = .1285in, (#8 AWG wire)
2my/eq log e & = 1
Compute Z==313.58 Q2
where ) ! SV e
b]].lt f f & 1 bl METALETIONS DA\I"ﬂl.IIIITs KEYS DATA/UNITS
Ho = permeability of {ree spac ERITTT
€, = permittivity of free space U |Entepreg I :”_: g
sz 2 w3 2 |Inifialize |[RT0][Ris ]| 13m06
2. The characteristic impedance of a two-wire line is 3 e i !I:“:
Relative permittivity L ZLA—__[?
2 2 T . .55 — ————
Z,= K log R + (E) —1 Diameter or soacing . O ke LA
Ve 4 d | Diameter ol i B 1| |
4 Computs outputs j |
where I : 1 |
| 2y E (€ | 2o ohms |
D = center-to-center conductor spacing | 2,0 [e 1 zjohms |
d = conductor diameter Zae | = “:| .z,.ohm;ﬁ'
&, Kawabove | 5 .Remu nputs . [ 1 "| [
L Relapye permittivity .|_R_CL._ _'I il ._e._
| Dhamater or spacing l RCL 2 D like
Dimeter [REL J[3_] o) "™

6 .Fur new case, return 1o step 3. | I:l
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TRANSMISSION LINE
IMPEDANCE TRANSFORMATION

WPEDANCE THANSFORMATION ; % 1-22A
CALC B_ ANG =
zl;% \'r% NPI.ITGBG nm{?{j@ muizh

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

-8
= 1.20083 x 10 i
v
where
8 = electrical length in degrees
= physical length in centimeters

f=frequency in Hz
v = velocity factor of line (\r =_1 )

€r

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

Ly +itan @
—= an
T

Ly
I+] —tan@
Zy

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

Note:

If it is desired to transform through 90°, use 6 = §9,99999 to avoid
overflow during execution of LBL E.

@ |see note 11

length ot line

-] Input desired value for

6  Compute transtormed

Impedance

7 Recall inputs (optional)

Frequency

Characteristic Impedance

Length

Velocity lactar

MAG[Z termination]

ANG|[Z wrmination)

Elactrical langth of line

TE | € | 1 deg
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Examples:
1. =146 MHz
Z,=5010
[=20 centimeters
v=.69 (Teflon)
MAG [Z,] =75 82
ANG [Z,] =307
Compute § = 50.82°
MAG [Zi,| =74.122  ANG [Z;,] = -30.44"
2. Same data as above except let § = 89.99999°
MAG [Z,] =3333Q  ANG [Z,] =-30.00"
BEEH, IRETRUCTIGNS DATATUNITS REYS m‘?r‘i',ﬂ”nlm_'
1 Enter program ]]__ |
2 [ivtaize |Cron | Ris |
| | Freouemen rhe [ E | A ]
Characreristic Impedance | I“___]
e [ =]
Valocity factor | Ce 1
MAGIZ termination] maGliz) 2 [ o | ]
ANGIZ termination| | aNGiZ,],0e0. [ € ][ D |
4 Compute electrical ' -

|7 ]| MaGiz.a |

| 0. den

[[6 1|aNGiZ,].deg
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MICROSTRIP TRANSMISSION LINE

ugmm r&nmsm LINE EE 1-23A
h ns/ =
‘l’@ Er @ Zo ‘P"mﬁT *

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,

i 1

B !

Dielectric

-3

ITETIITEI I TTIITIIIIITIIEITIS

The characteristic impedance of the line shown is

87 $98 h
Zy= In G B+
Ve + 141 WA
and the propagation delay is

ns
g =1.017 /04756 +0.67 T

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

EE 1-23A 67

Examples:

I.  w=50mils
t=1.5 mils
h =30 mils
=47
Campute
Z,=5152Q

1s s
lyg =173 —=568 —
pa =1 ft. m

2. w=90mils
t= 1.5 mils
h =60 mils
& =47
Caompute
Zs;=755800

ns
tad = 1.73

LI
., m

o —— — T QUTPUT
STEP INSTRUCTIONS pataunrs €S oatanumms |

[T1 | Ener peogram 1

2 Ipitiglize
5 | Inputs
Lire width w
like
Line thick ness T
units
Dieglectric thickness h
Relative permittivity £
4 Dutputs
Chiracteristic impedance Z;, 5
Propagstion dalay Lo, H§’m |
Propagation delay tpa. nsift
5 Recall inputs (optionall

Lirve width

Line thick ness
Dielectric thickness [Rer | 3
Relative permittivity [REL | & | €

6 - Return tostep 2 for new case,
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S:Y PARAMETER CONVERSION

5 4+ ¥ PARAMETER CONVERSION EE 1-24A1
T ;] CALC

5 ++Y PAHAMETER CONVERSION EE 1-24A2
CALC =

This program converts s—parameters to y—parameters using the
relationship

_ 1
(1 +53;) (1 +522) - 812 Saa

Yir Y2
Y1 Y22

Note:

A

(1 =551 ) (1 +5232) +512 824 2513

—2sg1 (1 +s; ) (1 =822) % 812 823

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

EE 1-24A 69
Examples:
1, _ [_434133 A15% 17 ]
~L1z24-15 673 -114
Compute
B [2,35 #4-342  391% _147]
~ [4.08% 179 1.97%63.8
2 ye [3‘35 %-342  391% -147]
408 % ~179 1.97 % 63.8
Compute
g= [,48015rl33 .115117.2]
1.21 % -14.8 oY A —-114
lstep INSTRUCTIONS mmg;rrs I i I Uﬂg’ﬂ;‘"—n.
2z Input s=parameters E :I |
' MAGIsy1 | _—I_hm'l—_| |
‘ TN — |
MAGIs::] I__A_: .
| ANGIs;1] ",_B—_]B__
a MAGI%3, ] fﬂi—_'
ancls | B_L:_—
MAG5;1 ._ Ca 1]
aNGls] B L |
‘ 3 Qutput y—parametars |
[ | MAGLY;]
ANGly 2l |
‘ [ | waGlyal
ANGLy;, ]
. 4 set up for program 2 o
| 5 Enter program 2
8 Ouiput rcml\n-;lg
. y-paramerers c MAGTvy |
i Ais I | ANGLy )
[as [ | maglval
' mg__jI:"] ANGIy; |
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POWER SUPPLY RECTIFIER CIRCUITS

POWER SUPPLY RECTIFIER CIRCUTS  EE 1-25A
v
¢ Ko TPE® A% '

[T

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

1. half-wave rectifier, capacitive input filter

oC

3.  full-wave rectifier, inductive input filter

EE 1-26A rA
Given the following parameters:

V, = RMS voltage at rectifier input in volts

f= frequency of a-¢ source in heriz

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 hy these approximate formulas which are valid for AE <<E
and (type 3) L= R/6nf.

1 2 3
s Ve V2 Vi V2 v
fRC 2 fRC 67 f* LC

B ovav-lE vav 22V
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Examples: -
1. Typel
V= 100 veolts
C=100uF
f=60 Hz
R=1000 2
Compute AE = 23.57 volts peak-to-peak
E=129.64 volts
2. Type2
Same values as ahove
Compute AE = 11.79 volts
E = 135.53 volts
3. Type3l

Same values as above, plus L=2H
Check Lymy =884 <2

Compute AE = 1.06 volts
E =90.03 volts

1
2
3

4

5

]

:

EE 1-25A 73

STEP
—

Enter program

Zeiull wave, 3=full wave L-C)

Iritialize
Inputs {any order]

AMS input voltage

Capacitance

Frequency

Resistance

Type [1=hall wave,

| (Type 3 onty)

Chack Lypin

Input L2 Lpn

Outputs

Peak-to-paak rippe

DE output voltage

Recall inputs

RAMS input voltage

Capacilance

Froguency
Resstance

Type

Inductance

Return to step 3 for new case

INPUT [ outPut
| DATA/UNITS | xers DATA/UNITS

I

[
~ [ewlCas]
] —

v, vals IZ]EZ! B |
e AL
v CeJlel
Ao el
| e =
1| ]
[ e |
- [:—J[:l Lwin. H o I
LH EIIJ

B et
[ealla ] vows
[recl 2 ] e

[ —

[

(rells] rw
Ll e me
'?L_“___] ‘I'\rps
[El-_‘]___] Lor Luin
| | o
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74 EE 1-26A

CONTROLLED RECTIFIER CIRCUITS i

Epsin wt
CONTROLLED RECTIFIER CIRCUITS EE 1-26A ] O =

a CALC =
Ep® @ Vave® & R < VaveVams:

This program computes Vv g, Virys, and Vp.p 8 functions of E,
and @ for the eircuits shown. It also computes Ep (or o) given a and
Vave (or Ey and Vv g). 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.

For these circuits the output is

Ep
Vave = e (1 +cosa)

o Ep; a<90°
PP E, sinasa>90°

2{m-a)+sin2
Vaus = Ep — &

75
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EE 1-26A

For these circuits the oulput is

2(n-—a)tsin2a
Vems =Ep [——7—

Examples:

1. E,=170
o =30°
Compute
VA\"I-; = loﬂgg
Vipp = 170,00

2. Ey=178
Vave =50
Compute
a=9436
Input  a=94.36
Then compute
VRMS = 80,?9
Vop = 16951

EE 1-26A 77

STEP INSTRUCTIONS

INPUT
DATA/UNITS | NEYS

OUTPUT
DATA/UNITS

1 Enter program

2 Initiglize

3 Inputs {any twol
Peak input voltage

Firing (delay) angle

CaJoee]

Average autput voltage
4 Output remaining one

Feak input voitage

Firing (delay| angle
Myerage output voltage

§  Optional cutputs®

RMS rectifier output

than p-p rectilier output

sunknown, it may be com-

puted in step 4 and then

reenterad i step 3.

: £ &

T -

Eg and & must be inguts 1 ane |._ _.-| . J

| - —
-

o
LEU | & v =
Vave v IE:J

===

Ep WV
a, deg.

Vave. V
4

Vams. V|

VooV
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INTEGRATED CIRCUIT CURRENT SOURCE

N ERRETTRS R EE 1-27A
T® 1@ mR® ve® SF B

iﬂ»ﬁ‘

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

from
kT, Ve -Vg
Ry = ? In [7& I

k=138 x10"% % , 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

1, the desired current in amperes

R,, the desired value for R, in ohms
V¢, the supply voltage in volts

EE 1-27A 79

Examples:

1. T=30°C
I=10uA
R, = 10 k22
V=10V
Compute
Ry = 12.7 kR2 (12657.05)

T=100"C

1=10uA

R] =10 k2

V=10V

Compute

R; = 14.6 k{2 (14616.35)

b

=T T iNeuT
STEP  INSTRUCTIONS  patawnns | *FYS | paaumi
1

Entyr progeim

2 Initatize

3 Trputs
Junction termperature T.'c
Desired current . LA
Desired value far Ry R, &1
Supply valiage \.-'(;..V

4 Output

Fequired value for Ay

I -] Rocall inputs (optianal)
dunction Temperature Rel [ 1 T.°€
Desyred currant meL [z | LA

Desired value lor B} REL [ 3 | m.n

| Supply voltage "RCL _| 4 Ve, V
[

L} Réturn to step 2 for new case, I Com— |
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EE 1-28A B1
TRANSISTOR BIAS whiscs
= gy = t 1
TRANSISTOR BIAS EE 1-2BA i = hyg = de current gain
@ v
Ny B3 R & + B e o
Rp= = parallel combination of R, and R,
R, +R,

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

. N

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

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

Sn = Sensitivity of collector current to current gain
in amperes

I

Vee

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

Given Ry, Ry, Ry, Bge, and Vi we have

Rp R
= Ye=Vee o Wi
IC= ';-—:B 711[ e
Rp+(B+1)R, Ry +(f+ 1) R,
_ Al B
P P A—
8 Vg Rg+(+ 1R
Ry
=
a1 R
sh_—:_ L ez
g G B
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Examples:
I.  R;=10000
R, = 5000 Q
Rs = 1000 £2
VC = 10 volts
g=100
Compute
Io = 7.6 mA (7.59 x 107%)
Sy =098 mS (9.82 x 107™*
Sy = 1.4 pA (137 x 107%)
2. R =2008
Rz = 1000 &2
R; = 1000 &2
Ye =10 volts
=100
Compute

Ic = 7.6 mA (7.64 x 107°)
Sy =099 mS (9.88 x 107%)
S, =0.88 pA (8.82x1077)

EE 1-28A 83
STEP INSTRUCTIONS S KEYS OATA/UNITS l
1 Enter program | I_:,:J ‘
2 Emim:m @ |
5 s - |
" Resstor A, R0 |[EJLA] '
. Resistor Ay R, 2 L&Jl:l
[ R_aiﬂo!.ﬁl R..{] : _li“_é__i ..I
Supply voltage vev [ JL__]
B de current gain 8 [ e e i
| 4 Ourputs :_":l |
| | e csiiicior sarmt Ce | A
[ Sansitivity to base voltage . II“E Sv. 5
SendiiEy S dc s | II_lg SwA |
5 i""’“" inputs {optionall ] ——
i_ | Rasistor A, ‘ ; R.2 |
Resistar Ry A0
Resistar A N Refl
| Supply voltage VeV
[ de current gain [ |_H£I [ ]
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JFET BIAS AND TRANSCONDUCTANCE

JFET BIAS & TRANSCONDUCTANCE EE 1-29A
Ve@ Ip Vs A * @
Ibss@ Ay Om Rd

Given the FET parameters Vp and lIjgq, and the desired drain
current and voltage pain for the circuit shown, this program
computes Vgg, gm, and values for Ry and Ry,

¥i

e

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

I \*
Ves=Vp |1 -[—
Ipss

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

where

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

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

Vp = pinch-off voltage in volts

EE 1-20A 85

Knowing Vgg, we can compute the transconductance and the
source and drain resistors.

2 lpss Vs
Bm =~ ===
Vp Ve

Vas

Ip

vl
[&m |

d

where

2, = transconductance in siemens

|Ay | = magnitude of voltage gain
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Examples:

. Vp==2V
lnss =1.5mA
Ip =.7mA
Ay =10
Compute
Vgg =-0.63V (-6.337x 107")
Bm = 1.025 mS (1.025 x 107%)
R; =905 &2
Ry =9759 Q
8 Vp = L5V
IDE ==1.7mA
ID =-9mA
Av =15
Compute
Vg = 0.409V (4.086 x 107")
gm = 1.65 mS (1.649 x 107%)
R, =454 Q)
Ry =9095 Q2

EE 1-29A 87
(sTep WSTRUCTIONS o fitis KEYS | ok
Enter progiam 1 L____IC]
[ieitize ' [Amn][ss |
. Inputs {any order) . :“:l
Pinch-off voitage — Ve ¥V I”_TE
Sat drein-current (Vgs =0) . _lugs k_mE D- [ ]
Desired drain current Ip. A E
Desired valtage gain | IA_\ri - _i_]iijl ]
Qutputs {any or; 1| - ’:": i
‘Gare-source vol tage | - _@@1 Vos, V
Trboriadtiot [T s
Souree resistor T [Edo] mwe
Drain resistmf . [ }E E { H:,S_'I. B
Recall inputs inptlun;lT_____ [ |___|[:|
| Finchoff voltage ' . ECL_JII__| : VeV
Set. daincument (Vgs =0l | ]Z[ Ipss A
Desared drain current - E E | Io, A
Desited vol tage gain [ | ET Ayl
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PHASE-LOCKED LOOP

& PHASE - LOCKED LOOP EE 1-30A
@ wn Wn =
Mo te  ®F @F B

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

5 N G F(s)
e (s)= H(S)"Siﬂ:' F&)

where
G = overall loop gain, s~!
@, = output phase
#; = input phase

sy + 1

———————— ; passive filter transfer function
s(ry +72)+ 1

F(s)=
sTq+ 1 . )
;active filter transfer function
5Ty
=R, C
=R, C

R; . R, = resistances in chms
C = capacitance in farads

EE 1-30A 89

PASSIVE FILTER ACTIVE FILTER

The natural frequency and damping factor for the two loops are

G 3 T2 }
— jactive — Wy sachye
Ti 2

oy = ¢
G B 1 1 "
/ ; passive = wpl7z + = ); passive
T+ T ; 2 "( : G)

The (one-sided) loop noise bandwidth is

I

Note:

Natural frequency and damping factor must be computed before
computing loop noise bandwidih.
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Examples: lse meTUCTONS  ouuumms | S oMaurs
1. G=324x105s"! 1 Enter program I —
R, =92 MQ 2 initialize | .;_"_TN RS 0.00
R, =7500 3 _Inpuu 1 - |_ L |
C = 100 uF Leop gain | G:_‘_' [_.E _I |_A )
Resistor Ry RS A _J—_j
Compute . _ Resistor Ry . T—Ej
Passive Active , Loop capacitor C.F '___ﬂ
wy 18775 187757 [ 4 |oupus - i,
; .70 10 Matural freq. {passivel . € l c . tip. 87"
B, 994 Hz 9941z - ——— == €1l omt
Damping factor (passive) |CE [___"| {
2 G=157x 107 s-l | then Loop noise bandwidth | E || E . By, Hz
R[ =1 MQ Matural freq. lactive] | E || D wp, 57!
R, =7.10 | Damping factor {active) E— ] 3
1_ ;ﬂ than Loop noise bandwidth E [ E ] BLH
€=12 #F 5 | Recall inputs
Compute 1 Lot gain | = 1 gt
Passive Active Resistor Ry | @m Ri. 02
wy 112.07s7" 112.07s™! Resistor Ry RCL ][ 3 | R.Q
¢ 20 .50 Loop capacitor | i RCL i
capici [reL )& 1] C.F
BL 56‘04 Hz 56.04 Hz _B .Relum tostep 2 for nm_case. I I |
3. G=15x10*s"
R, = 1000
Rg =175
C = 10pF
Compute
Passive Active
w,  1181.2557" 1225.74 57!
¢ A8 46

B, 591.01 Hz B15.58 Iz
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FOURIER SERIES

FOURIER SERIES EE 1-31A
N J Y =

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

where
4 =
gy = = f(t) cos 2 dt, i=0,1,2, ...
T T
o
T .
Bt (a2 G, i=13
T J T
and

T= period of f(t)

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

EE 1-31A 93

The discrete formulas for the Fourier coefficients are

N

2 2nkj
FE cos —= ,j=1J+1,..,J+5
aj T z_: Yk T 1
k=1
and
N
2 . 2mkj
b= yi sin 1‘]'].]1’1, ,J'I'S
=T &
where

J = order of first coefficient to be computed

yi = (k)
l =£
kTN

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

Notes:

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

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

4,  For convenience, the program modified to compute sine
coefficients may be recorded on the other track of the
magnetic card by placing the card into the machine with the
uncut end first,



94 EE 1-31A

Examples:

1. N=12 I=1
k f(tg)
1 10.392
2 14.000
3 0.00
4 -14.000
5 -10.392
6 -13.000
7 -10392
8 -14.000
9 0.00
10 14,000
11 10.392
12 13.000

w

ET

{a1j=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 [b, l = { DI i

Thus the function is

2.

fit) = 15 cos

2

mt
= —Scos —+3cos
) T

6mt 10wt

This example requires the modified program

N=12

el - RN P I R

J=1

Yk
2.366

1.732

0

0

0.634

0
-0.634

0

0
-1.732
-2.366

0

-

The function is odd, 50'{ aj } ={0}

EE 1-31A 956

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

Thus the function is

.. Qart . 4mt . 6wt
f(tj=sm—i_— +sm—,-r~+smT
STEP NETRICTIONS | oatanmers RS DATA/NITS
1 Enter program 1
B 2 -!For sine coefficients go to- B tlm_ i
| stp 10 C_IC ]
3 | Input namber of poins __-_ N _E[:! N
4 | Input order of first coetficient J | | | 1
5 Ilfnnl\r one coetficient is desired |lI]E| 1 I
6 Inputye, k=1,2 N ¥ ml:] 2N
s T | [ ]
o =]
8 :mm|wmem_=-.mu||fn.g1 . | | B
| was set, only aj or by will have ‘~ EE ajuchi_
' i [RELI[ 3 ]| apeortiee
- —‘ [RCL [ 4| mwaorbea
RO 6 ]| aeortie
1 [ T
| o .mewm,gutn:tEpQ - i::]
I s || e I
IID .Tod\ongnoslmmfﬁclmu. | Ill':n:ll
perform the following steps. I |
11| Branch to label 1 m
12 Switch to W/PRGM I o |
_13 Iﬂmlempmioe ?@ 115__
14 Delete cosine ey =@
18 | Insertaine @L____r_ o4
| 18 | Record modified program on [ ] woo
. jbmiu; track (see note 4) ==
.Ti—%immnuuw;nwmpa' {_
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DECIBEL CONVERSION

DECIBEL COMVERSION EE 1-32A
v vz 20 log va/vy dbwva/vy 4
P@ P2@® 10100 p2/py db PPy

This program converts voltage or power ratios to decibels and

vice versa.
aB=1010g 2= 201 Va
B
dB
ISP
1
E: log_n
Vi
Examples:
1. V;=1V
V=1V

v
Calculate 20 log Tl =6.02dB
1

P; =3mW

Pg_ =7 mW P

Calculate 10 log Fﬁ =368 dB
1

P
10 log P—’ =13.2dB
1

P,
Calculate — = 20.89
P,
20log *2 =104B
og —\m]-l-

Ciloulate ~2=3.16
culate v:"‘ .

| sTEP
1
2

EE 1-32A 27
INSTRUCTIONS B nn'rnmu:rrs_ | (mExS nm
;ter l:r;gram N E._]r:l
Input Data | i-_.l .__._] |
F— AL ] '
Power Py '_'1 - [_B_;::|
Valtage V, Vi [E]Ca] |
Veltoge Vs vi [EJrel |
Campute decibels e
Power, 10 I5g IP3/? | [ell_] s
Valtage, 20 log (V,/V,) . [E ] |__C: d8
Convert dB to ratio L_IL:
Voltage ratio in dB dB —E_‘[ZE Vil
Power ratio in dB dB__ :D_J_; . PyiPy
Rucall inputs | . ]
3 ezl A
¥a :R_Cl_j_i] - Vi
b, (Rec][a]
| Change appropriate inputs or . L | _|
for new case oo to 2, . |_‘J”:| ]
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VOLTAGE TO dBm

VOLTAGE TO dBm EE 1-33A
zo vo @md cac f§

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
Z V1O
= 1 e Y —_h
dBm = 10log T 101log 7 20

where
7 = impedance level in ohms
V = yoltage in volts
dBm = decibels above one milliwatt

when any two are given.

Examples:
1. Z2=508

dBm=0
Caleulate  V=10.2236 valts

2. Z=600%

V=07T46 V
Calculate  dBm = 0.00004

3. Z=60002
V=2V
Calculate dBm=8.24

Enter program

Tnput knowns fany 2|

Impedance
Voltags
o abave 1 mW
Calculate unknown
Impsdance
Vol tage
B abowe T mW
Recall inpists
Imipedance
Voltage .

dB abeve 1 mW

Change appropriate inputs in

stéep 2

B !“_'i]l:
zom (LAl
vwv ol |

dBm l@E—-_:‘J
| |

CeJCaT zowm
ILEJCE] de
| |
[REL][ 1] zomme

Ee gz ] v
[Fe]5 ] e
= =
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WIRE TABLES AL AND ANNEALED CU

-

EE 1-34A
¢ BiA
olbe ol SA O ot B

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= 0.000920 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.

Examples:

3

EE 1-34A 101
No. 12 Cu wire
Dia = £0.81 mils (8.081 x 10")
_ohms _ | sgg (1.588 x 10°)
1000 ft
LB _ 077(1.977x10")
1000 ft
No. 34 Cu wire
Dia = 6.305 mils (6.305 x 10°)
ohms ; 2
= 260.9 (2.609 x 10
1000 ft ( )
LB 01203 (1203x107Y)
1000 ft
No. 10 Al wire
Dia = 101.9 mils (1.019 x 10?)
ohms o
— = 1,637 (1.637 x 10
1000 ft ( )
LB
" =10,555(9.555 x 10"
1000 ft OREERIE)
NSTRUGTIONS _ pptaumrrs | M€ oaTA/ONITS
Entar program IL I |
Input gauge for ___ —|_ =
Coppar wire AWG _ A I =
Aluminum wire AWG ._ B | .
Calculare desired values = [
Wire diamete ! L5} ::I Dia, mils
Resiztance of 1000 f1 [ ] R, ghms
Weight of 1000 f1 L £ L ] W, pounds
Retail Input {optional) | 1

[Rer [ 1 ANG

For new case rgpeat stape 2

and 3



102 EE 1-35A
HEAT SINKS

HEAT SINKS EE 1-35A
Quic® Pa@ 1@ % + ’@
Bcs@m Ta@ hE L]

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")

8 1 472
54 = T8.59 -
SA ® (f h )

where
a

fga = thermal resistance, sink to air, W

{=1length of heat sink, cm or in.

h = height of heat sink, ¢m or in.

EE 1-36A 103

The temperature at the junction of a transistor is given by

Ty=Tx +Pa (Oyc +0cs *0sa)

where

T, = junction temperature, °c
i o
T, =ambient temperature, C

P, = power dissipated by transistor, watts
s

01y = thermal resistance, junction to case, W
°6

g = thermal resistance, case to sink, =y
C

a

figs = thermal resistance, sink Lo air, W

This program evaluates the above equations to determine Ty from

the other parameters.
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Ta=25°C
=4 inches
h =5 inches
Compute
ga =7.93 2
sA TV

T; = 208.27 °C = 406.89

. step INSTRUGTIONS  oatAuNTS
1—_Emer progrm
2 Initialize h
3 Inputs
. Therm. res.-junction to case e, "CIW
Therm, fes.- casé 10 sink 8, "CIW
Power dissipared Py, W
Ambent temperature Ta.lC
either
Length of heat sink J,emorin.®
then Height of hear sink h, em or in,*
o
Thiesm, res.-sink 10 air fga, "CAN
4 Outputs

Junction temperature
Junction temperature

5  Recall dara {aational)

B Rewrn to step 2 far new case

lInput inches negatively

EE 1-35A 105

KEYS

| —T—

==

e A ]

[ ==

[ —

.’— ]

[

i——..—.x[_.

| ——

[sto |[#4 |

 ——

I -

=

i1

(ReL 1[4 ]

\ReC (s

| —

[Rel 1]
[Rec [2 1

[meL J 3 ]

QUTPUT
DATAANITS' |

1, em

Bea, CW |




—
Sw®

11.
12,
13.
4.

15.
16.
17.
18.
19.
20.

21.
22,
23.
24.

25,
26.
27,
28,
29.
30.
2.
32
33.
34,
35.

N

Program Listings

PROGRAM LISTINGS
. Reactance Chart . . e e e e e e
Series Resonant Circuit . . . « . « + « « =
Parallel Resonant Circuit . . . . . . . -

. Impedance of Ladder Nelwork

T Attenuator

PI Attenuator .

WYE-Delta or Delta ‘WYE Transfomahon (Card I)
WYE-Delta or Delta-WYE Transformation (Card 2)
Minimum Loss Pad Matching .

. P1 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 P]ates Lo RN
Self Inductance of Straight Round Wine . .
Inductance of a Single-Layer Close-“’ound Coil .
Skin Effectand Coill Q@ . .

Transformer Design . .
Reed Relay Design (Card l) e e e e s e
Reed Relay Design (Card 2) . . L
Impedance of Transmission Line .

Transmission Line Impedance Transfurmﬂhon
Mmmstnp 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 Transcanductanoe .

Phase-Locked Loop

Fourier Series .

Decibel Conversion

Voltage to dBm . . .

Wire Tables Al and Annealed Cu .

Heat Sinks

107

Page
108
109
110
1
112
113
114
115
116
17
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
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REACTANCE CHART
SERIES RESONANT CIRCUIT

CODE KEYS CODE KEYS CODE KEYS .
21 DSP 7 |x 42 CHs CODE | KEYS | |CODE KEYS | |CODE| KEYS
04 4 35 g 84 |R/S 32| ! | 02 2 01 |1
44  CLX 04 'ix 23 LBL 51/ SF1 | 7 |x 51 | —
33 08 STO8 84 R/S ot |1 84 R/S 35 g o f
84 R/S 23 | LBL 34 04 RCL4 23 LBL 04 'k 01 R=P
23 | LBL 12.|8 34 03 RCL3 11 A 22  GTO 35 09 gRt
00 0 36 g 71 | % 32 41 000 35 00 gLSTX
33 01 STO1 | 83 psz B4 R/S 61 TF1 23 LBL 3| F
02 | 2 133 02 STO2 23 LBL 33 02 STO2 16 | E 01 | R=P
71 | x |8 RIS 15 E 84 R/S 31‘f 36 07 | gx2y
35 | g 134 05 | RCLS 01 1 33 01 STO1 51 | SF1 35 08  gRI
02 | /34 03 RCL3 3308 STO8 22 GTO 84 | R/S 81 |+
71 | x 81 + 84 R/S 00 0 23 | LBL 34 02 | RCL 2
33 04 | STO 4 84 R/S 35 01 g NOP 23 LBL 14 D 71 | x
41 [ 1 23 | LBL 35 01 g NOP 12| B 34 04 | RCL4 35 08 gRi
71 x 13/ |'C 35 01 ¢ NOP 32| ! 34 OE‘RCLE 35 07 | gx2y
35 g 3% g 35 01 g NOP 81/ TF1 02 2 51 | —
04 83 DSz 35 01 g NOP | 33 04/ STO4 71| % 35 09 | g Rt
33 05 STOS 33 03 STO3 35 01 g NOP 84 R/S 35| g 31| f
84 R/S | 84 R/S 35 01 g NOP 33 03 STO3 02 | 61 TF1
23 LBL 34 06 RCLS 35 01 g NOP 22| GTO 71 x 22  GTO
1 A 34 02 RCL2 35 01 g NOP 00| 0 71 x 01‘1
35 g 81 |+ 35 01 g NOP 23 LBL 35 00 gLSTX 84 | R/S
83 DSz 84 R/S 35 01 g NOP 13| ¢ 34 03 RCL3 23 | LBL
22 GTO 23 | LBL 35 01 g NOP 32 71| x 011
00 0 14 D 35 01 g NOP 61| TF1 | 7 x 35 U?‘gx?—’v
34 02 RCL2 35 g 35 01 g NOP 33 05| STO5 34 02 RCL2 22 | GTO
34 03 RCL3 83 DSZ 35 01 g NOP 84 | R/S 35 00| gLST X | 00 0
71 x 22 GTO 35 01 g NOP 34 03 RCL3 42 | CHS 35 01  gNOP
31 f 01 |1 35 01 g NOP 34 04 RCL4 71| x 35 01 gNOP
09 x 34 04 RCL4 7 x 35 00 gLSTX 356 01 g NOP
02 2 34 02 |RCL2 31 34 01 RCL1
71 | x 71 | x |09 Wx 71| x
36 g 35 | g 35 g 61 +
02 7 04 | Yx | 02| n 35 00 gLSTX
l 71 x 35 09 | gRt
Ry f R, 2nf Ry R
R, C Rs  (an*e?)! Rg (0574 LS. ,‘B?_ ¢ _,_H? |
Ry L Re Ro R: R Rs f Re !
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PARALLEL RESONANT CIRCUIT IMPEDANCE OF LADDER NETWORK
l_".—'—
cobe kevs | |cobe kevs | [copE Kevs CODE | KEYS CODE | KEYS | |cODE kEYs
32 | 09 /x 81 + 31 | f 23 |LBL 23 LBL
51 | SF1 02 2 33 STO 42 | STK 00 ‘u o1 |1
24  RTN 71 | x 81 |+ | 31 |f 32 |f! 33 06 |STO6
23 LBL 35 |g 07 |7 43 | REG 51 |SF 1 35 07 |gx?y
1M1 A 02 = 35 07 |gx2y B4 R/ 84 |R/S 33 07 |STO7
33 01 |ST01 71 | x 09 |9 23 LBL 23 | LBL 34 02 |RCL?2
84 | RIS 5 g 00 |0 1M1 A 15 E 34 01 |RCL1
23 | LBL 04 'hx 51 [— 33 04 STO4 31 |f 31 |f
12 B 22 GTO 42 CHS 35 07 gx2y 51 |SF1 61 |TF1
3z | 00 |0 34 07 |RCL7 33 06 STOS 84 R/S 1 |A
61 ‘TF1 23 | LBL 36 D7 |gx2y 31 f 23 |LBL 35 01 |g NOP
33 04 STO4 15 E 31 |f 01 |R—P 11 |A 34 06 |RCL6
84 R/S 31 f 61 |TF1 32 ! 32 | 61 |+
33 03 STO3 51 SF1 22 | GTO 09 Vi 61 |TF1 35 07 |gx2y
22 GTO 24 RTN 00 |0 34 05 RCLS 35 g 34 07 RCL7
00 0 23 LBL 3% 07 |gx2y 42 | CHS 04 x 81 |+
23 | LBL 14 D 24 |RTN 35 07 |gxZy 00 0 35 07 |gx2y
13 ¢C 34 04 RCL4 23 | LBL 81 | 35 07 gxy 3t
33 05 STOS 34 06 RCLG 01 [1 34 04 | RCLA4 22 GTO 61 |TF1
a1 1 71 x 34 02 |RCL 2 35 00 [g LST x o1 1 1 |A
4|1t 33 07 STO7 34 05 |RCL S 81 |+ 23 LBL 35 01 g NOP
02 |2 01 |1 61 |+ 24 || BTN 12 B 33 01 STO1
71 | x 35 07  gxy 84 |R/S 23 | LBL 34 03 RCL3 35 07 g x@y
35 g 34 06 RCL6 13 |C 14 D 71 x 33 02 STO2
02 71 | x 14 D 3z ¢! 35 |g 35 07 g x2y
71 | x 34 03 RCL3 84 |R/S 61 ' TF1 04 | x 1 A
33 06 | STO 6 71 | 36 07 [g 2y 9 0 Loy 42 |CH8 31 |f
35 | T L [ [ 22 GTO 00 0 01 |R-P
61 TF1 34 01 RCL1 22 |GTO 00/1.9 22 GTO 22 |GTO
35 01  gNOP M | 01 1 0z 2 01 |1 00 0
24 RTN 34 07 RCL7 ' 71 x 23 | LBL
34 03  RCL3 35 07  gx2y 35 g 13 |C
34 04 RCLA4 3| £ 02 7 34 03 |RCL3
71 ® 1]} R—=P 71 x 71 X
31 f 34 01 RCL1 33 03 sTO3 00 (O
R4 R Rs L R;  Temporary M Re[Yin] _R_A_ Used R Used
Ry Af Ry ~ Rs 2 Im [Yin] Rs Used Rs
Rs c Rg  w=2nf Rg Used .y s Re Used Re
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T ATTENUATOR

CODE KEYS | |CODE KEYS | |CODE KEYS
21 psp 51 — a1t
04 4 33 08 STOB8 7 x
32! 1 81 = 31| f
51 SF1 33 05 STOS 08  LOG
23 LBL 34 01 RCL 1 o1 1
1 A 34 07 RCL7 00 0
‘ 32| ! 01 1 71| x
61| TF1 61 + 33 06  5TO6
33 02 STO2 33 07 | STO7 84 | RIS
84 R/S 71“ 23 | LBL
33 01 STO1 34 08 RCL 8 13| ¢C
a2 1! 81!+ 32| !
51 SF1 34 05 RCLG 61| TF1
84 R/S 51 | — 34 04 RCL4
23 LBL 33 03 | STO3 84 R/S
12/ B 3402‘ RCL 2 34 03 RCL3
o1 1 34 07 RCL7 32| 1!
00 0 71 x 51| SF1
81 = 34 0B RCLS8 B4 | R/S
Lo 81 + 23 LBL
. o0l 0 34 05 RCLS 14 D
| 35 07 gx2y 51| — 34 05 RCL5
35 g 33 04‘ STO 4 B4 R/S
05 y* 01 RCL1 23| LBL
33 07 STO7 34 02 RCL2 15| E
| 3401 RCLT 81 =, 31| f
| 34 02 RCL2 33 06 STOG 51| SF 1
7 x o1 1 84 R/S
71 x 51| — 135 01 g NOP |
31 f 31 f ' 35 01 gNOP
09 +/x 09 x
02 2 34 06 RCLG
71| x 31| f
34 07 RCL7 09 +x
01 1 l 61 + i
'Ry Z, Ry Ra Ry N, N+1 |
Rz 2 Rs R Rs N-1 |
R3 Ry Re Min Loss Rg [

33

33

35

33

33

m<me Q= |o=m

+

X x
o

Vool
Q
-~

7]
-
o
w

PI ATTENUATOR

EE 1-06A 113

CODE | KEYS | |CODE KEYS
33 05 | STOS 09 /x
35 g 61  +
04 | x 41 |t

33 06 | STO6 71 | x
34 08 | RCLB 31 | f
02 |2 08  LOG
61  + 01 |1
34 0B | RCL B 00 | 0
81 + 71 | x
33 08 STOB 33 06 | STO6
34 01 | RCL1 84 | R/S
81 |+ 23 | LBL
34 06 RCLG 13|¢C
61 | = 2| 4
35 g 61 | TF1
04 | Yx 34 04 RCL4
33 03 STO3 84 | R/S
34 08 RCL8 34 03 | RCL3
34 02 | RCL2 32 |t
81 |+ 51 |SF1
34 06 | RCL6 84 | R/S
81| — 23 | LBL
35 g 14 | D
04 34 05 | RCL5
33 04 STO4 84 | R/S
34 01  RCL1 23 | LBL
34 02 | RCL2 15 | E
81|+ 3|t
33 06 | STOG 61  SF 1
011 84 | R/S
51| —
31 g
09 x
34 06 RCL6
31| g
Ry R, R, N
Rs Rs Rg Used
Rs Min Loss Rg 1/R,
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WYE-DELTA OR DELTA-WYE TRANSFORMATION WYE-DELTA OR DELTA-WYE TRANSFORMATION
(CARD 1) (CARD 2)
| T I S - T
01 1 35 08 gRY 61 + 23 LBL 84 R/S 31 |f
33 08 STO8 33 06 STOG6 31 f 1A | 23 LBL 51 SF 1
23 LBL 03 3 01 R-P 34 04 RCL4 | 13 | C 84 R/S
01 1 34 08 RCLS8 33 07 |[STO7 | 34 06 RCL6 | Tl % 35 01 gNOP
21 DsP 35 23 gx=y 35 07 |gxdy 34 01 ACL1 34 07 RCL7 35 01 g NOP
83 | - 22 GTO 33 08 |STOS8 3403 RCL3 | 81 < 35 01 gNOP
00 0 02 2 34 04 RCL4 | 13 ¢ |35 08 aRi 36 01 g NOP
34 08 RCL8 o1 |1 34 01 |RCL1 | 84 Rss ' 61 |+ 35 01 g NOP
84 R/S &1 |+ B3 | F | 23 1BL ‘ 34 08 | RCL8 35 01 gNOP
23 | LBL 33 08 STOS8 01 R-P 12 /B | 51 | — 35 01 | g NOP
14 | D 22 |GTO 33 01 STO1 35 07 gx@y | |35 09 |gRt 35 01 gNOP
23 | LBL 01 |1 35 07 |gx2y 84 R/S | 31 | f 36 01 gNOP
1 A 23 | LBL 33 04 |STO4 23  LBL [ 61 | TF1 35 01 gNOP
34 02 RCL?2 13.(¢e 34 05 RCLS 1 A 22 | GTO 35 01 gNOP
33 01 STO1 31 f 34 02 RCL2 34 05 RCL5 011 35 01 gNOP
34 03 RCL3 01 | RoP 31 |t 34 06 RCL 6 32 | ! 35 01 gNOP
33 02 STO2 35 g 01 R-P 34 02 RCL2 [ o1 |Rep 35 01 g NOP
35 08 gR} 04 | Vx 33 02 sTO2 34 03 RCL3 24 | RTN 35 01 | g NOP
35 08 gR/ 35 07 gx2y 35 07 |gx2y 13| ¢ 23 | LBL 35 01 |gNOP
33 03 |STO3 42  CHS 33 05 STOS 84 R/S 01 1 35 01 gNOP
22 | GTO 35 07 gx2y 34 06 RCLG 23 | LBL 35 g 35 01 gNOP
01 1 32§ 34 03 RCL3 12 B 04 | x 35 01 gNOP
23 LBL 01 R—P 31 f 35 07 | gx>y 35 07  gxdy 35 01 gNOP
15 E 24 RTN 01 R-P 84 R/S 42  CHS 35 01  gNOP
34 03 RCL3 | 23 LBL /33 03 sTO3 23 LBL 35 07  gx2y 35 01 g NOP
13 ¢C 02 | 2 136 07 gx2y 1 A 3z | 1 35 01 g NOP
33 03 STO3 34 04 | RCL 4 /33 06 |STO6 34 04 RCL4 | 01 R=p 35 01 g NOP
3508 gR{ | 3405 RCLS 21 | DSP 34 05 | RCL 5 | 24| RTN 35 01 g NOP
23 LBL 61 |+ 04 4 34 01 | RCL 1 | 23]|LeL 35 01 gNOP
12 B 34 06 RCL 6 84 R/S | 34 02 RCL 2 14 D 135 01  gNOP |
/34 05 RCLS 61 + 13|¢ 32| !
/3304 STO4 | |34 01 RCL1 84 R/S 51 SF1
34 06 RCLG 34 02 | RCL2 | | 23 LBL | B4 | R/S
|33 05  STOS ‘ 61 + 12 B 23 | LBL
(3508 gRL | 3403 RCLS3 ‘ |35 07 gx2y . 15 E
|R1 Used Rq Used R; Used |rR1 Used R Used R, Used |
Rz Used Rs Used Rg Used R; Used Rs Used Rg Used

R3 Used :RB Used __H_P_ Used | Ra Used Rg Used jRg Used
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MINIMUM LOSS PAD MATCHING

EE1-09A 117

PI NETWORK IMPEDANCE MATCHING

_‘CODE' KEYS CODE  KEYS CODE  KEYS
23 | LBL 71 x 35 01 gNOP
1A 3303|5703 35 01 |g NOP

33 01 STO 1 01 1 35 01 |g NOP
B4 R/S 34 02 RCL2 35 01 |gNOP
23 | LBL 34 01 |FICL1 35 01 ‘gmop
12|8B 81 |+ 35 01 |gNOP

33 02 | STO 2 51  — 35 01 gNOP
84 R/S 3 ‘f 36 01 gNOP
23 | LBL 09 |\/x 35 01 |g NOP
13 ¢C 33 04 (STO4 35 01 gNOP
15 | E 35 |g 35 01 ‘gNOP

34 04  RCL4 04 | ' 35 01 |gNOP
84  R/S 33 05 STO5 35 01 |gNoP
23 | LBL 34 01 RCL1 35 01  gNOP
14 D 33 STO 35 01 gNOP
15 E 71 x 35 01 g NOP

34 05 RCLG 04 4 35 01 g NOP
84 R/S 34 02 RCL2 35 01 gNOP
23 | LBL 33 STO 35 01 ‘gnop
15 E 7 x 35 01 g NOP

34 01 RCL1 05 |5 35 01 g NOP

34 02 RCL2 34 03 |RCL3 35 01 |g NOP
81 |+ 24 | RTN 35 01 g NOP
31 | f 35 01 | gNOP 35 01 |g NOP
09 +/x 35 01 g NOP 35 01 ‘gNOP

35 00 | g LST X 35 01 g NOP 35 01 g NOP
01 |1 35 01 | g NOP 35 01 |g NOP
SRS 35 01 gNOP 35 01 g NOP
31 f |35 01 |gnNoOP 35 01 g NOP
09 Vx 35 01 |g NOP las 01 gg NOP
81 |+ 35 01 g NOP
31 ' f 36 01 gNOP
08 LOG 35 01 g NOP
02 2 36 01 gNOP

w0 Las 01 lgNOPJ

'El Z, R4 Ry H? |

Rz, Rs R, Rs

Rs  Loss Rs Rg

CODE KEYS CODE | KEYS CODE | KEYS
31| f 22  GTO 81 =
42 | 5TK 00 0 71 | %
21 | DSP 34 02 RCL2 23 | LBL
o4 4 34 01 RCL1 0o | o
23 LBL |+ 35 | g
01 1 34 04 RCL4 02 |7
32 {7 41 |t 02 |2
51 SF1 71 [ x 71 | x
24 | RTN 01 |1 34 03 RCL3
84 | R/S 61 |+ 71 | x
23| LBL 33 05 | STOS 81 |+
1A 7| x 22 | GTO
32|+t 01 (1 o1 1
61 | TF1 51 | = 23  LBL
33 02 | STO2 31| f 16 | E
84 | R/S 09 Vx 3| f
33 01 |STO1 34 02 | RCL2 51 |SF1
22 | GTO BT |+ 84 | R/S
011 33 06 STO6 35 01 | g NOP
23 LBL 22 GTO 35 01 | g NOP
12 B 00 |0 35 01 g NOP
3z | §? 23 | LBL 35 01 | g NOP
61 TF1 14| D 35 01 g NOP
33 04 STO4 13|C 35 01 g NOP
84 R/S 34 02 | RCL 2 35 01 g NOP
3303 STO3 34 06 | RCLB 35 01 g NOP
22 GTO 71 | x 35 01 | gNOP
01 1 34 04 | RCL4 35 01 | g NOP
23 | LBL 81 |+ 35 01 | gNOP
13/ C 011 35 01 | g NOP
34 04 RCL4 61 | +
34 01 | RCL1 34 04 | RCL4
81 = 34 01 | RCL1
N f 71 | %
61 TF1 |34 05 RCLS
rﬁ\‘_ R| R4 Q _H;r
Ra R Rs Used :RB _
Pa f Re Used Rg
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BAND PASS FILTER DESIGN (CARD 1) BAND PASS FILTER DESIGN (CARD 2)
| ——

CODE KEYS | |CODE KEYS | |CODE KEYS "CODE KEYS | |CODE KEYS | |CODE KEYS
21 DSP 71 | x 32 | ! 34 02 RCL2Z | 04 4 14 D
03 3 81 |+ 81 | TF1 34 01 RCL1 | 71 x 61 +
32 ! 33 04 STO4 34 05 | RCLS 3524 gx>y | |34 04|RCLA 23 | LBL
51 SF1 34 03 RCL3 84 | R/S 00 0 71 x 15 E
81 R/S 34 06 RCL6G 34 04 | RCLY 81+ 34 07 RCL7 31 f
23 LBL 35 g 32 | ¢! 21 DSP 7 | x 09 Vx
11 A 02 |« 51 | SF1 a3 - 81 |+ 61 +
32 | £ 7| % 84 R/S 02 2 34 01 | RCL1 al | f
61 TE1 33 08 |STOS 23 LBL 84 R/S 34 03 RCL3 07 LN

33 02 STO2 71 | 14 D | 23 LBL 23 | LBL o1 ‘1
8 R/S 35 | g a2 | ! 12 B 0z |2 32 |

33 01 STO1 04 'fx 61 TF1 34 01 RCL1 61 |+ 07 LN
32| ! 33 05 STOS 34 07 RCL7 0z 2 33 01 STO1 31 f
51 SF1 34 03 RCL3 84 R/S 71 x 35 08 gR 08 ‘ LOG
8 R/S 34 06 RCLG 34 06 RCLG 35| g 00 | O 04 |4
23 LBL 71 | x 32| ¢ 02 @ 35 07 | gx2y 00 O
12 B 34 07 RCL7 B1 SF1 [ 71 «x 35 24 | gx>y n x
T Bl | # 84 R/S a1t 22 GTO 7 x
61 TF1 3307 STO7 23 | LBL 7 X 01 ‘ 1 24 | RTN
22| GTO 34 03 RCL3 15 E 33 08 STO8B 35 23 | gx=y 23 LBL
o1 | 1 34 08 RCLSB 31 f 13404 RCL4 0 0 14 D

34 02| RCL2 81 + 51 | SF 1 71 x 84 R/S 3t f

34 01| RCL 1 3306 STO6 84  R/S 34 06 RCLG 01 1 09 | Vx
51 | — 00 0 35 01 gNOP " x ‘ 42 CHS a1

33 05 STO 6 21 DSP 35 01 | g NOP o1 1 35 07  gx2y 7 %

34 01 RCL1 03 3 35 01 g NOP 51 | = 35 24 gx>y 35 00 gLSTX
34 02 RCL2 84  R/S 35 01 | g NOP 01 1 00 O 35 07 gx2y
71 x 23 LBL 35 01 | g NOP 34 08 RCLB | B4 RIS 01 1
04 4 01 1 35 01 | g NOP 34 05| RCL5 | 42 CHS 24 RTN

71 x 33 03 STO3 35 01 | g NOP 71| % ‘ 14D 35 01 | gNOP |
35 g 32 ! ————— 34 07 RCL7 ‘ Bl | =
02 n 51 SF1 71 x 15 E
1 x 84 R/S 51 | — 84 RfS
33 07 STO7 .23 LBL [ 71 lx 23 | LBL
34 03 RCL3 | 113c 3408 RCLS | ‘ 011
e — ; i e . —~ "
R LITR IR Ra Gy 'Ry arfy f2, Lg | R fL R4 c, R, Ly

|R2 f2.fu  Rs 6  Rs  a(f-f) R 1y Rs Cp Re w!
Rz A Re Ls Rg Used
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ACTIVE FILTER—LOW PASS

|CODE KEYS CODE | KEYS CODE | KEYS
[oz2]2 05 |5 02 2
31 | f 23 |LBL 34 02 RCL2
09 | v/x 13 |C o1 |1
33 03 STO3 31 |f 61 |+
31 f 61 |TF 1 34 03 RCL3
42 | STK 22 |GTO 04 4
23 LBL o1 |1 81 =
00 0 14 |D B g
3z [+ 35 07 |gx2y 02 7
51 SF1 81 |+ 81 =
21  DSP 22 [GTO 34 01 RCL1
83 |- 00 |0 81 =+
0z |2 23 |LBL 34 04 RCL4
24 | RTN 02 |2 81 =
23 | LBL 32 | 22 | GTO
11 1A 51 [SF 1 00 0
31 | f 14 |D 23 | LBL
61 | TF1 34 03 |RCL3 01 |1
33 01 | STO 1 71 |x 32 {!
22 | GTO 35 [g 51 |SF1
00 0 02 |m 14 D
B1  + 71 | x 34 02 RCL2
33 02 STO?2 34 01 |RCL1 81 |+
22 | GTO 71 [x 22 GTO
00 0 81 |+ 0o o
23 | LBL 23 |LBL 23 | LBL
12 B 05 |5 156 |E
31 f 21 | DSP 31 |1
B1 TF1 06 |6 51 SF1
3303 |STO3 84 | R/s 84 |R/S
22 GTO 23 |LBL
00 0 14 |D
61 + 31 |f
33 04 STO4 61 TF1
22 GTO 22 |GTO
Ry £ F.q, C !R7
2 Rs Rs
a Re Rg

EE1-12A 121

ACTIVE FILTER—HIGH PASS

CODE KEYS | |CODE KEYS | |CODE KEYS
02 2 05 5 71 x
31 23 LBL 01 1
09 x 13‘:: 34 02 RCL2Z
33 03 STO3 3t | 81+
3| f 61 | TF1 02 2
a2 | STK 22 GTO 61 |+
23| LBL 01 1 71 | x
00 0 02 2 81 |+
32 ! 34 02 ‘ RCL 2 22  GTO
51 SF1 71 | x 00 0
21 DSP 01 1 23 LBL
83 - 61 |+ 14 D
02 2 34 03 RCL3 34 04 | RCL 4
84 RIS 02 2 34 02 | RCL2
23| LBL 71 | x g1 =+
1n A 35 | g 23 LBL
3 02 05 5
81 | TE1 71 | x 21 | DSP
33 01 | STO 1 34 01 RCL1 06 6
22 | GTO 71 | x 32 | !
00 o 34 04 | RCL 4 51  SF1
61 + 71 [ x 84 R/S
33 02 STO?2 81| : 23 LBL
22 | GTO 22 | GTO 15 |E
00 0 00 0 31 |1
23 LBL 23 LBL 51 | SF1
12 B 01 1 84 | RIS
31 f 34 03  RCL3 35 01 | g NOP
81 TF1 02 2 35 01 | g NOP
33 03 STO3 35 | g 35 01 | g NOP
22 GTO 02 7
00 © 71 | %
61 |+ 34 01 | RCL1
33 04 | STO4 71 x
22 | GTO 34 04 RCL4
1 fy Ra c Rz
2 G Bs :RB
3 L Re :RG




122 EE1-13A EE 1-14A(1) 123

BUTTERWORTH FILTER CHEBYSHEV FILTER (CARD 1)

ICODE KEYS CODE KEYS CODE KEYS CODE KEYS _ CODE| KEYS CODE KEYS
33 01 STO1 71 x 71 x 23 LBL 32 | ! 02 2
35 g 35 g 81 =+ 1M A LN 81 =
42 RAD 02w 31 | ¥ 33 01 STO1 31 | f 33 06 STO6
a1 71 | x 04 SIN 84 RIS [ 08 | LOG 35 g
33 04 STD 4 81 = 34 02 RCL2Z 23 LBL | 044 02 7
02 2 33 06 STO®6 71 | x 12 B [ 00 0 34 01 RCL1
33 05 STOS 34 01 RCL1 35 | g 33 02 STO?Z2 71 | x 02 2
34 ml RCL 1 34 04 RCL4 02 ' w 84 RIS B1 |+ 71 x
84 | R/S 33 08 STO8 34 03 RCL3 23 LBL 32|+ 81 =
23 LBL 35 24 gx>vy 71 x 13 C 07 | LN 31 f
12 B 000 81 |+ 33 03 STO3 33 07 | STO7 04 SIN
33 02 ST02 a1 |+ 33 07 ‘ STO7 84 R/S 3500 | gLSTX 33 08 STOB
B4 RIS 02| 2 34 01  RCL1 23 LBL 42 | CHS 02 2
23 LBL 61 + 34 05 RCLS5 14 D 32 | ¢4 71 x
13| C 33 04 STO4 33 08 STO8 33 04 STO4 07 | LN 34 06 RCLG
33 03| STO3 21 | DsSP 35 24 | gx>y 84 RJS 3 81 | +
84 R/S 02 2 00 | 0 23 LBL 35 00 | g LST X 33 07 STO7
23 LBL 34 08 RCLS 81 = 15 E 34 07 | RCL7 34 03 RCL3
14 D 84 R/S 02 2 01 1 81 | + 34 02 RCL?Z
34 04 RCL4 21 | DSP 61 + 33 05 STOS 81|+ 71 x
02 2 04 | 4 33 05 STO5 31 f 35 g 81 =
7| % 34 06 | RCL6 21 DSP | 51| SF1 04 | 33 04 STO4
011 B4 R/S 02 2 35 g 31 f 00 0
51| - 23 | LBL 34 08 RCLSB 42 RAD 07 LN 84 R/S
35 g 15| E 84 R/S i 21 DsP 34 01 RCL1 35 01 gNOP
02 w 34 05| RCLS 21 | DSP 03 3 | 02| 2 35 01 gNOP
Tox 02 2 04 | 4 34 03 RCL3 | ‘ 7 x 35 01 gNOP
34 01 RCL1 71 x 34 07 RCL7 02 2 || 81| = 35 01 gNOP
02 2 01 1 B4 R/S 71| x 32 ! 35 01 gNOP
7| x 51 — 35 01 g NOP 35| g ‘ 07 LN 35 01 g NOP
81 - 38| g 02| n | 35 00 gLST X
31 f 02 w 71| % 42 CHS
04 SIN M ox 3303 STO3 32:| it
34 02 RCL2Z 34 01 RCL1 34 04 RCL4 | 07 LN
34 03 RCL3 0z 2 011 | 51 —
_|R1 n Rq Used R; 1 B‘ n R4 eq4g. C; R; G;
|Rz R Rs Used Rg Used Rz R Rs i Rg aj
L T Rs c Rq Used Rs faowe R Y Rg Used




124 EE 1-14A(2) EE1-156A 125

CHERYSHEM EILIRR (CABD2) CAPACITANCE OF PARALLEL PLATES

e el s oo xevs | |cooe| kevs | [cope| kevs
23 | LBL 33 05 |STOS 71 [x A L | % R P
1| A 35 07 | gx2y 34 01 |RCL1 02 2 g |e: /
21 | DSP 84 R/S 0z |2 83 - 35 07 | gx2y 34 04 |RCL4
83 |- 23 | LBL 71 |x 05 5 35 24 gx>y 35 |g
00 0 o1 |1 81 |+ 04 4 33 04 STO4 02 |7

34 01 | RCL1 32 f! 31 |t 42 CHS 84 R/S 02 2

34 05 RCLS &1 [ o4 |sin 33 06 STO6 34 06 RCL6 71 |x

5 24 , 84 R/S 7 x 7 x

? 00 %”“ ?} fSFZ = 2? fma 23  LBL 33 04 |STO4 34 02 RCL2
8 | 34 04 RCL4 34 05 RCLS 1 A &4 [R5 81 +
84 RIS o1 1 o1 |1 33 01 STO1 23 |LBL 31 |f
23 | LBL 22 | GTO §1 [— 84 R/S 16 |E 07 LN
12 | B 02 |2 35 |g 23 | LBL 34 01 |RCL1 01 1
31 | f 23 | LBL 02 |« 12.|8B 34 02 RCL2 61 |+
61 | TF1 03 |3 71 |x 00 0 81 |+ 34 02 |RCL2
2 e = || PO g 36 07 gx2y 34 03 |RCL 3 34 04 RCL4
01 |1 71 |SF1 81 |+ 35 24 gx>y 71 % 81 |+
31 | f 15 |E 31 |f 33 02 STO 2 34 04 RCLA4 35 |g
81 TF2 34 02 RCL2 04 |SIN 8 | R/S 7 |x 02 |m

34 06 RCLG 83 - 81 |+
22 | GTO 71 x 41 |t i Bl A
5 7 Tl Pk AN 33 02 |STO2 08 8 01 |1
31 |4 22 [GTO 34 06 |RCL6 ks sl o
71 | SF2 02 2 a1 |t A
15 | E 23 | LBL 71 x 23 LBL 05 |5 34 05 |RCLS

34 03 |RCL3 15 | E 61 + (1;.3 g . g‘; *11 ;1‘ :”S

34 02 |RCL2 34 08 | RCL 8 34 07 RCL7 5. |
71 | x 04 |4 71 x 35 07 gx2y 09 |9 35 01 |g NOP
23 | LBL 71 | % 81 |+ 36 24 [gx>y | 7 |x 35 01 |g NOP
02 |2 34 05 | RCLS 33 07 | STO7 33 03 |STO3 33 05 |STOS 35 01 |g NOP
21 | DSP 0z |2 24 | RTN B84 R/S 34 03 |RCL3 35 01 |gNOP
03 | 3 | - 34 06 RCLG 34 04 RCL4 35 01 g NOP
81 = 01 1 71 |x 43 |EEX

34 05 RCLS 51 | — 33 03 STO3 02 (2
01 1 35 84 R/S 7 |x
61 |+ 02 g 23 LBL 36 24 [gx>y

4 D 34 05 RCLS

R P

I . N . T Ri o R w R

R R Bd R cumreo Ry

A i 4 L2 i Rs L Rs -2.54 Ry Used




128 EE1-18A EE1-17A 127
INDUCTANCE OF A SINGLE-LAYER

SELF INDUCTANCE OF STRAIGHT ROUND WIRE CLOSE-WOUND COIL
CODE KEYS CODE | KEYS CODE | KEYS CODE KEYS CODE KEYS CODE KEYS
[ 0272 84 |R/S 35 01 gNOP [ar = 00 0 71 x
| 83]- 23 | LBL 35 01 g NOP 71 x 34 03 RCL3 09 9

05 & 14 D 35 01 |gNOP |3t ‘ 22 GTO 34 01 RCL1

04 | 4 15 |E 35 01 |gNOP 09 % 00 0 71 | x

42 CHS | a3 |- 35 01 /g NOP 31 f 23 LBL 01 1

33 04 STO4 00 0 35 01 | g NOP 01 R-—+P ‘ 12 B 00 0

01 1 oo o 35 01 |g NOP 35 09 gRt 35 g 34 02 RCL2
33 03 | STO 3 02 2 35 01 [gNOP 61 + 83 DSz 71 | %

44 | CLX 34 03 |RCL3 35 01 g NOP 84 R/S ‘3302 STO 2 34 03 RCL3

84 R/S 71 | x 35 01 g NOP 23 LBL | 84 R/S 71 x

23 | LBL 34 02 RCL2 35 01 g NOP 15 E |34 03 RCL3 61 +

1 A 71 x 35 01 |g NOP %02 RoL2 | | 3 01 | RCL1 81 +

00 0 04 4 35 01 gNOP 34 04 RCL 4 34 04 | RCL4 84 R/S
36 07 gxTy 81 = 35 01 gNOP 71 | x 81+ 23 LBL
35 24 gx>y 61 + 35 01 |gNOP |33 06 STO6 71 x 13 | €
33 01 STO1 84  R/S 35 01 | gNOP 01 1 | 09 9 35 g

84 R/S 23 | LBL 35 01 ‘guop [3a3 08 sTO8 | (3403 RCL3 83 DSz
34 04 RCL4 15 | E 35 01 g NOP 84 R/S 81 |+ 3303 STO3
| .. 71)x 04 4 35 01 gNOP 23 LBL | 81 — 84 R/S
33 01 STO1 34 02 RCL2 35 01 g NOP 1 A | |34 01 RCL1 05 |5

84 R/S 71 | x 35 01 ‘QNDP 3B g 71 x 34 06 RCLG

23 LBL 34 01 RCL1 35 01 | gNOP | 83 Dpsz 01 1 , 7 x

12| B 81 =+ 35 01 gNOP (3301 sto1 | 00 0 [ |34 01 RcL1

00 |0 31 f 35 01 gNOP | 88 RIS 81 |+ | et
35 07 | gx2y 07 | LN 35 a1 |gNOP | 04 4 84 R/S | 71 %

35 24 g x>y 01 1 35 01  gNOP [ 823 - [ 23 LBL 81 =
33 02 STO2 51 | = 35 01 gNOP 05 5 140 34 04 RCL4
84 R/S 34 02 | RCL2 35 01 ‘QNOP 34 03  RCL3 35 g | 03 9
34 04  RCL4 71 x 35 01 | gNOP 4t 83 DSZ 34 01 | RCL1
o 83 - 35 01  gNOP 71 1% 33 04 STO4 | [35 01 gNOP

33 02 STO2 oo | T = 81 + 8 RIS |
84  R/S 00 0 34 04 RCL4 | 3403 RCL3 |
23 LBL 02 2 71 | 34 01 RCL1
13 ¢C | 71 x 34 06 RCL6 7 x
33 03 STO3 | 24 RN { 01 1 a1t |
R d Ry -254 R, o Ry R R4 L R; ,
Rz I Rs Re ' Rz D Rs Re DSz !
| R, N Rs DL Rq Used

T.R3_ iy Re Rg Used e 0 i |



128 EE 1-18A

SKIN EFFECT AND COIL Q

CODE KEYS CODE | KEYS CODE KEYS
32 ! 06 98-8
51| SF1 g? 1/; 71| x :
84| R/S 31 ¢ 71| x
23| LBL 61| TF 1 84 | R/S
1] A 22| GTO 23| LBL
32| ! fo[o NI 14| D
61 TF1 35 00| gLST X 02| 2
33 02 STO?2 34 02| RCL 2 83 -
84 R/S 7| x 06! 6
33 01 STO1 34 03| RCL3 011
22| GTO 34 02| RCL2 43 | EEX
oo o 81| + 42 | CHS
23| LBL 3107 07| 7
12| B 08 LOG 34 04| RCL4
32| ! 01 1 31 f
61 TF1 83 -
33 04 STO4 02 2 ?? :/;
84 R/S 71 x 31 f
33 03 STO3 83 - 61 TF1
22 GTO 03| 3 22 | GTO
00 0 08 8 00 0
23 LBL 61 + 43  EEX
15 E 35 g 02 2
=L 42 RAD 71 |
51 SF1 31| f 35| g
84 R/S 04| SIN 02|
23| LBL 01 1 81 =
13| ¢C 83| - 34 01| RCL1
06 & 01| 1 81| =
83| - o8 8 84 | R/S
06 6 61| + :
00| 0 83 922 -
08 8 00 @55 ©
34 04 RCL4 ©1 83— 2
31 f oY g5—5 &
Ry d | f R,
R, Rs Rg N
R, ! Rg Ry  Used [

EE1

TRANSFORMER DESIGN

S19A 129

[cobe kEvs | [CODE| KEYs | |CODE KEYS
84 RS | 03 | 3 14| D
011 | |34 04 RCL4 a5 g
33 08 STO 8 71 |.x 83 DSZ
03 3 23 LBL 33 04 STO4
04 4 04 4 22 | GTO
09 9 34 05 RCL5S 00 0
43 EEX 34 07 RCL7 34 01 |RCL1
04 4 71 % 34 oz‘ncu
33 07 STO7 35 07  gxTy 71 | x
84 RIS 81 + 34 03  RCL3
33 06 STO6 22  GTO 7 x
34 02 RCL 2 00 0 22 | GTO
g1+ 23 LBL 04 | 4
3N f 12 B 23 | LBL
09 +/x 35 g 15 | E
83 - 83 DSz 35 | g
07 7 33 02 STO?2 83 | DSZ
02 2 22 GTO 33 05 | STO5
33 08 STO 8 00 0 22 GTO
81 = 34 01 RCL1 00 0
22 GTO 22 GTO 34 01 RCL1
00 0 02 2 34 02 | RCL2
23| LBL 23 LBL 71 %
1A 13|cC 34 03 RCL3
35 g 35 | g A
83 | DSZ 83 DSZ 34 04 RCL4
33 01 | STO 1 33 03 STO3 7 x
22 | GTO 22 | GTO 34 07 | RCL7
0o o i ool o 81 | =
34 02 RCL 2 34 01 | RCL 1 35 01 | g NOP
23 LBL 34 02 | RCL2
02 2 71| x
34 03 RCL3 22 | GTO
% 03 3
23 | LBL .23 LB
R4 Np Ra B R, temporary |
R, f R Ep Rs .72, DSZ
R3 Ac HE Wout RQ




130 EE 1-20A(1

)

REED RELAY DESIGN (CARD 1)

CODE KEYS CODE KEYS CODE  KEYS
0z 2 81 + 02 2
83 - 36 g 81 |+
05 | 5 06 | ABS 33 07 STO7
04 |4 33 01 |sTO 34 06 RCLS
33 07 STO7 44 | CLX 34 02 |RCL 2
00 0 34 02 |RCL 2 34 03 RCL 3
33 08 |STO8 35 24 gx>y 61 |+
84 | R/S 34 07 RCL7 33 02 STO?2
23 LBL 81 |+ 81 =
1A 3 g 02 2
35 g 06 ABS 83
| 83 bDsz 33 02 STO?2 06 |6
[33 01 sTO1 44 CLX 43 |EEX
84 R/S 34 03 RCL3 05 5
3304 STOA4 35 24 [gx>y 7 %
84 | R/S 34 07 RCL7 02 '2
23 | LBL 81 = 3 |-
12 B 35 g 03 3
| 2354 06 ABS 05 5
83 DSz 33 03 STO3 06 6
‘33 02 STO2 34 06 RCLG 02 2
84 R/S | 84 RS 34 04 RCL 4
33 056 | STOB ‘ 2L 71 |x
‘ 84 R/S 15 E g1 1=
23 | LBL 01 1 [ 31 ¢
13 |'c 33 08 STOS8 07 LN
35 g 35 08 gRi ‘ 04 4
8 DSz [ 24 RTN 4t
3303 sTO3 23 | LBL 00 o
8 RS 14 D | | 84 ms
|33 06 sTO® 134 02 RCL2
|00 0 |34 03 RCL3 ‘
134 01 RCL1 [ 81 |—
[35 24 gx>y 138 01 RCL1
%07 RCLT | | 11 ox |
- ) . miiee
R L ws Rq By R; A
Rz op,0D+ 1D Rs Smin Ry T, DSZ
Ry 1D Rg v Rg

EE 1-20A(2) 121

REED RELAY DESIGN (CARD 2)

KEYS = | CODE  KEYS | |CODE KEYS
hSenss 1
R 23 LBL 81 |
i | 14 D 01 |1
| 83 - 43  EEX
5 02 2 03 3
| 03 3 71 x
f | 01 1 B4 | R/S
INT 02 2 23 | LBL
34 01 RCL1 15 | E
gTo: 71 |x 21 | DSP
R/S 30 | £ 83
LBL 07 | LN 02 2
o 83 - 34 04 RCL4
1
DSP o0 o0 01
04 4 83 -
0 | 00 9 g: 1
| X
D6 6
?CL‘l | x 34 08 | RCL S8
2 011 81 =
2 0z | 2 34 03  RCL3
g 43 | EEX 71 %
X 03 3 84 R/S
£~ 81 + 34 05 RCLS
LN | 34 08 RCLS 83 -
8 | T | % 03 | 3
E 35 g =
5 | 02 = 34 08 | RCLB
7 71 % | 81 |=
x 34 02 RCL2 34 03 RCL3
RCL 7 FARIE 71 x
X 33 03 STO3 B4 R/S |
sTO 8 84 R/S o
RCL 1 34 06 RCLGB
R/S 32| L
RCL 8 09 Vx
R/S 34 D3 RCL3
L. Ws ﬁ“ - Smax F!T_ A
oD +1D  Rsg T _Ra T
10, R, Rg W Rg



132

EE1-21A

IMPEDANCE OF TRANSMISSION LINE

CODE KEYS CODE KEYS CODE KEYS
o1 1 31 f 09 +/x
3301 STO1 08 LOG 81 |+
01 1 34 04 RCL4 84 | R/S
03 3 7 x 23  LBL
08 8 34 01 RCL1 15 E
83 | - 31 f 01 1
no‘o 09 /x 33 08 STO8
06 | 6 81 = 35 08 gRI
33 04  STO4 84 R/S 84 | R/S
84 RIS 23 | LBL 35 01 | gNOP
23 | LBL 01 1 35 01 | gNOP
1M A 34 02  RCL2 35 01 | gNOP
35 g 22 | GTO 35 01 | g NOP
83 DSZ 00 0 35 01 | gNOP
33 02 | 5TO 2 23 | LBL 35 01 | g NOP
84 ‘ R/S 14 | D 35 01 | gNOP
33 01 | STO1 34 02  RCL2 35 01 | gNOP
84 R/S 34 03 RCL3 35 01 | g NOP
23 | LBL 81 |+ 35 01 | gNOP
12 B 41 |t 35 01 | gNOP
33 03 STO3 41 |t 35 01 | gNOP
84 R/S 71 ‘ x 35 01  gNOP
23 LBL o1 1 35 01 | gNOP
13| ¢ 51 ‘ — 35 01 gNOP
35 g 31 f 35 01 | gNOP
83 DSZ 09 | v x 35 01 g NOP
22 GTO 61 | + 36 01 gNOP
011 31| f 35 01 gNOP
| 34 02 RCL2 08 | LOG 35 01 gNOP
04 4 34 04 RCL4 35 01 g NOP
71 x 02 2
23 LBL 71 x
00 0 71| x
34 03 RCL3 34 01 RCL1
81 + | 31 f
Ry o R, 128.06 R, ]
R D Rs Rg DSz
R d Rg Rg

TRANSMISSION LINE
IMPEDANCE TRANSFORMATION

EE1-22A 133

CODE KEYS CODE| KEYS CODE KEYS
3z | £ 08 |8 71 x
51 SF1 03 3 34 02 RCL2
84 R/S 43 EEX 35 00 gLSTX
23 LBL 42 CHS 71 0x
1 A 08 8 35 00 g LST X
32| ¢! 71 | x 35 09 | g Rt
61 TF1 34 04 | RCL4 71 | x
33 02 STO 2 g1 |+ 35 07 | gx2y
84 R/S 33 05 | STO5 35 00 | g LST X
33 01  STO 1 22 | GTO 61 | +
22 | GTO 00 0 35 07 | gx2y
00 0 23 | LBL 34 02 RCL2
23 LBL 14 | D 36 07 | gx2y
12 B 3z | ! 51 |-
32 ! 61 | TE1 35 07 | gx2y
61 TF1 33 07 STO7 34 08 RCLS
33 04 | STO 4 84 R/S 31 | f
84 | R/S 33 06 STOSB 01 | R>P
33 03 | STO3 22 | GTO 35 07 | gx2y
22 | GTO 00 |0 35 09 g Rt
00 0 23 | LBL 35 09 gRt
23 LBL 15 E 31 | f
13 C 31| f 01 R-=P
32 f! 51 | SF 1 35 08 gR}
61 TF1 84 ‘ R/S 51  —
33 05 | STO5 23 | LBL 35 07  gx2y
84  R/S 15 E 35 09 gRt
34 01 RCL1 34 06 RCLG :
34 03 RCL3 34 07 RCL7
71 % 32 1!
g1 |1 01 R=P
83 | » 33 08 STOB
0z |2 34 05 RCL5
[V 31| f
00 0 06 i TAN
R f R4 v R, MAG(Z]
R Zs Rs 8 Rg Used
Ry / Rg ANGI[Z] Rg Used




134 EE 1-23A EE 1-24A(1) 135

MICROSTRIP TRANSMISSION LINE SZY PARAMETER CONVERSION (CARD 1)
|CODE  KEYS 'CODE KEYS CODE | KEYS |CODE _ KEYS | |CODE = KEYS CODE| KEYS
0 0 07 LN 83 DSz | 34 02 RCL?2 23 LBL 51 —

33 08 STO8 08 8 24 RTN 33 01 STO1 15 E 34 06 RCL6
84 R/S 07 7 35 01 g NOP 34 03 RCL3 34 05 RCLS 34 07 RCL7
23 LBL 71 x 83 | - 33 02 STO2 34 04 RCL4 71 x
1 A 34 04 RCL4 03 |3 34 04 RCL4 0 1 61 +
35 g 01 1 00 o 33 03 STO3 61 + 31 i
83 | DSz 83 - 04 4 35 09 gR? 71| % 01 R-P
13302 STO2 04 4 08 | 8 33 04 STO4 34 08 RCLS 35 07 gxoy
24 RTN 011 81 | = | 84 RIS 34 01 RCL1 24 RTN
33 01| STO1 61 + 24 RTN 23 LBL 01 1 23 LBL
24 | RTN 31 f 23 LBL 12 B 61 + 14 D
23 | LBL 09 x 15 E 34 06 RCL6 7 x 31 f
| 12 B 81 + 01 1 3305 STOS 61+ 01 R-=P
| 35 g 24 RTN 3308 STOS8 34 07 RCL7 34 02 RCL2 35 09 gRt
| 83 DSz 23 LBL 35 08 gRY 33 06 STO6 34 07 RCL7 81 |+
3304 STO4 14 D 24 RTN 34 08 RCLB 7| & 02 2
24 RTN 83 - 35 01 gNOP 33 07 STO7? 51 — 71 %
33 03 STO3 04 4 35 01 gNOP 35 09 gRt 34 06 RCL6 84 | R/S
24 RTN 07 7 35 01 g NOP 34 04 RCL4 34 03 RCL3 35 08 gRI
23 LBL | 05 & 35 01 g NOP 32| ! Mox 35 07 | gx2y
13 C 34 04 | RCL4 35 01 g NOP 01 R-P 51 - 51 | =
05 5 21 | x 35 01 g NOP 33 04 STO4 34 01 RCL1 011
83 - 83 - 35 01 |g NOP 35 08 gR¢} 01 1 42 | CHS
| oalg 06 6 35 01 g NOP 3308 STO8 | 81 + 32 | !
| o8ls 07 7 35 01 | g NOP 84 R/S 34 04 RCL4 01  R—P
34 03 RCL3 61 + 35 01 |gNOp 23 LBL o1 1 31 |f
7 ox 3t 35 01 | g NOP 13| € 61 + 01 | R—P
34 01 RCL1 09 Vx 35 01 g NOP 15| E | x 35 08 g Rl
| 83|~ 01 1 35 01 gNOP 34 06 RCLG ‘ 34 05 RCL5B 84 | R/S
08 8 g3 - |35 01 | g NOP 34 02 RCL2 34 08 RCLS8 24 | RTN
71 x 00 0 SeS il 14 D 71 x
34 02 RCL2 01| 1 15| E 61 | —
61 + 07! 7 | 3 07| RCL 7 34 02 RCL2Z
81 + |71 x 34 03 RCL3 34 03 RCL3
| R | 35 g | 140D |_ 7 x
Ry w Ry & R, Ry Re [siy] _Rd Re [572] _Hw temporary
R. t Rs Rg psz | E? temporary _Rﬁ Im [syy] ‘Ra Im [s1,]
Ry h Rs Ry ES_IF_TDU@L Re temporary Ry temporary, £ 1




136 EE 1-24A(2)

S2Y PARAMETER CONVERSION (CARD 2)

EE 1-25A 137

POWER SUPPLY RECTIFIER CIRCUITS

Y T
[cope| kevs | [cope! Kevs CODE KEYS CODE KEYS | CODE KEYS | |CODE KEYS
33| sTO 15 | E 81 '+ | f o1 1 23 | LBL
09 ' 9 34 05 RCLS 84 |R/S 43 REG 33 08 STOS8 01 1
35 07 | gx2ty 34 | RCL 35 07 |gx2y 84 R/S 3508 gR. 3406 RCLG
3 02 RCL2 09 9 34 02 | RCL 2 23 (BL | 84 R/S 02 2
34 03| RCL 3 42 | CHS 51 | — 1A | 23 LBL 71 | x
71 x 34 04 | RCL 4 01 |1 35 g | 14| D 35 .9
34 06 RCLG 7 32 | ¢ 83 DSZ 34 01 | RCL1 gz m
34 07 RCL7 71 x 01 | R=P 33 02 STO2 02 2 1 |=
71| x 34 0B RCL8 31 fR | 84 RS | 31 f 35 00 gLST X
51 — 34 | RoL 01 | R—P 33 01 STO1 09 vx 34 03 RCL3
34 02| RCL 2 099 35 08 | g RY 84 R/S | 71| x 71 x
34 0?| RCL 7 34 01 | RCL 1 84 | R/S 23 LBL 33 06 STOG6 41 1
710 x 51 | — 24 |RTN 12 8 34 06 RCL#6 7 x
34 03| RCL 3 7| x 3501]gNOP 35 | g 34 05 RCLS 01 | 1
3509 gRt 61 | + 35 01 | g NOP 83 DSz 03 3 02 |2
33 03 /5703 34 07  RCL7 35 01  gNOP 3304 STO4 35 23 gx=y 34 02 RCL?2
35 08| gRY B1 | + 35 01 | g NOP 84 | R/S 22 GTO " |(x
34 06 RCLG 34 RCL 35 01 | g NOP 23 03 STO3 o1 1 71 | x
7| x 099 35 01 | gNOP 84 R/S 35 08 | gRI 34 07 | RCL 7
61 | + 34 01 RCL1 36 01  gNOP 23 LBL 8l |+ 71| x
3307/ sTO07 51| — 35 01 | g NOP 13 ¢C 34 02 RCL2 81+
35 07 | gx2y 34 | RCL 35 01 | g NOP 33 05 STOS 81 + 23 | LBL
33 06 STO®B 09 | 9 35 01 |9N0P 34 04 RCL4 34 03 | RCL3 02 2
34 | RCL 34 04 | RCL 4 35 01 | g NOP 06 6 81 |+ 35 g
099 61 | + 35 01 | g NOP 81 = 34 04  RCL4 83 Dsz
33 02/sT02 7 x 35 01 | g NOP 36 g 81 = 35 01  gNOP
01 1 34 05 RCL5 35 01 | g NOP 02| n 33 STO 84 RIS
33 | sTO 34 08 RCLS8 35 01 | g NOP 81 =+ 09 9 35 07 gx2y
09 9 71| x 35 01 | gNOP 34 03 RCL3 02 2 84  R/S
15 E 61 [ 35 01 g NOP 81 = B1 =+ 35 01  gNOP
a1 |1 34 06 | RCL 33 07 STO7 51 | —
42 | CcHs 61| + 34 05 RCLS 34 RCL
33 | sTO 3| f 84 RS 09 8
ugl 9 01 | R—P 23 LBL 22 GTO
23| LBL 34 03 RCL3 15 E 02 2
— S y
i _ Re [s1] Rs Re [s3;] Ry temporary IR Vi Ra R .R’_ _Lminor L
Rz temparary |Rs Im [s;,] [Ra Im lsga] o _RZ C _R5 ~ Type _ng DSz
s temporary  Rs temporary R temporary, + 1 Rs f ~Re 2y Rs  Temporary
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CONTROLLED RECTIFIER CIRCUITS

CODE KEYS CODE KEYS CODE | KEYS
35 g 83 | DSz 35 00 gLSTX
41 DEG 33 03 STO3 51 —
31t 24 RTN 35 g
43 REG 34 01 RCL1 02 |m
84 R/S 14 | D 33 08 |STOS8
23 LBL 71 | x 02 2
1 A 24 RTN 7 x
35| g 23 LBL 61 | +
83 DSZ 14 D 35 00 | g LST X

33 01 STO1 011 02 2
24 RTN 34 02 RCL2 71 x

34 03 RCL3 31 f 35 07 gx3y
14 D 05 CcOS 81 |+
81 + 81 + 31| f
24 RTN 36 g 09  vx
23 LBL 02 = 81 |+
12 B 81 =+ 35 g
35 g 24 | RTN 41 | DEG
83 DSz 23  LBL 84 | R/S

33 02 STO?2 15 | E 09 |9
24 RTN 01 1 00 'O

34 03 RCL3 33 08 | STO 8 34 02 RCL?2

34 01 RCL1 84‘!?)‘8 35 22 | gx=y
Bl | = 34 01 RCL1 36 01 g NOP
35 g 34 02 RCL?2 35 07 g x2y
02 | n 35 g 3 |
71 | x 02 7 04 | SIN
011 71 x 34 01 | RCL1
51 — 09 9 71 x
32 it 00 | 0 84  R/S
05 COS 81 |+
24 RTN 35 g
23 LBL 42 | RAD
13 ¢ 31| ¢
35 g N 04  SIN

R, Ep R4 R?

R, a Rs Rg DSz

..RS \{‘_AVE_ _RG RQ Used
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INTEGRATED CIRCUIT CURRENT SOURCE

| CODE

33

33

33

| 33

34

31
42
3
43
84
23
11
01
84
23
12
02
84
23
13
03
84
23
14
04
84

f
STK

f

REG
R/S
LBL
A
STO 1
R/S
LBL

B

§TO 2
R/S
LBL
C
S5TO 3
R/S
LBL
[b]
STO 4
R/S
LBL

E
RCL 4

5}
RCL 3

RCL 2

e

‘|34

|CODE KEYS CODE KEYS
07 |7 35 01 g NOP
03 3 35 01 g NOP
61 | + 35 01 g NOP
1 | x 35 01 g NOP
02 RCL2 35 01 g NOP
Bl | = 35 01 gNOP
08 8 35 01 | g NOP
83| ¢ 35 01 | g NOP
06 6 35 01 | g NOP
02 |2 35 01 gNOP
05|56 35 01 | g NOP
43i EEX 35 01 ‘ g NOP
42 | CHS 35 01 | gNOP
05 & 35 01 g NOP
71 | ¥ 36 01 g NOP
84  R/S 35 01 ‘ g NOP
35 01 g NOP 35 01 | g NOP
356 01 g NOP 35 01 g NOP
35 01 gNOP 35 01 | g NOP
35 01 | gNOP 35 01 ‘ g NOP
35 01 gNOP 35 01 | g NOP
35 01 gNOP 35 01 g NOP
36 01 | gNOP 35 01 g NOP
35 01 | gNOP 35 01 g NOP
35 01 g NOP 35 01 g NOP
35 01 | g NOP 35 D1 g NOP
35 01 gNOP 35 01 g NOP
35 01 gNOP 35 01 g NOP
35 01 gNOP 35 01 g NOF
35 01 gNOP 35 01 g NOP
35 01 gNOP
35 01 g NOP
35 01 gNOP
35 01 g NOP
35 01 g NOP
Ve R
Rg
Ry
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140  EE 1-28A
AND TRANSCONDUCTANCE
TRANSISTOR BIAS il BIA|S |
' CODE KEYS | |CODE KEYS | |CODE KEYS
CODE KEYS conei KEYS cooel KEYS o T AR
21 DSP 22 | GTO 34 06 RCLG 02| 2 03 3 02 2
02 2 0o 0 61 |+ 44 cLX 24 RTN 16 | E
31 f 34 06 RCL6 71 x 84 R/S 23 | LBL 13| C
42 | STK 34 01 RCL1 22 GTO 23 LBL 011 34 01| RCL1
23| LBL 81 |+ 02 |2 1M1 A 15 | E 81 |+
00 0 34 04 RCL4 23 | LBL 3% g 13 ¢ o1 1
32 | ! 7 | x 15 |E 83 DSZ 34 01 RCL1 51 —
51 S5F1 83 - 31 |f 23 02 STO?2 81 = 02 | 2
24 RTN 06 6 51 | SF1 84 R/S 011 71| %
84 R/S 51 | — 84 | R/S 3301 STO1 51 | — 34 02 | RCL2
23 | LBL 34 05 | RCLS 23 | LBL 84 R/S 02 2 71| x
1A JANES 01 1 23 LBL 71 x 34 01| RCL 1
32| 1 23 | LBL 33 07 |STO7 12 B 34 02 | RCL 2 81 +
61| TF1 D2|2 34 01  RCL1 35 g 71| % 34 04 | RCL4
33 02 | STO 2 34 05 | RCL B 34 02 RCL2 83 Dpsz 34 01 RCL1 35 07 | g x2y
22| GTO 01 (1 71 | x 33 04| STO4 81| + 81 +
011 61 |+ 34 01 | RCL1 84| R/S 21 DSP 35 g
35 07  gxdy 34 03 | RCL 3 34 02 |RCL 2 33 03! STO3 03| 3 06 | ABS
33 01 | STO 71| % 61 |+ 84 R/S 84 | R/S 21 | DSP
22 | GTO 34 06 RCLG 00 0 23 LBL 23 | LBL B3| =
011 B1  + 35 23 gx=y 18 & 14| D 00 o
23 | LBL 81 |= 34 07 RCL7 35 g 35 g 84 R/S
12| B 22 | GTO 22  GTO 83| DSz 83 | DSz 23 LBL
32 ¢! 00 | 0 00 |0 22| GTO 22| GTO 15/ E
81 TF1 23 | LBL 81 |+ 01/ 1 02 2 o1 1
33 04 STO4 14 D 61 |+ 01 1 15 E 33 08 STOS8
© 84 R/S 34 05| RCL 5 81 |+ 34 D3 RCL2 13| ¢ 35 08 gR/
33 03 STO3 31| f 33 06  STOG6 34 02 RCL2 34 03 RCL3 24 RTN
22 | GTO 61 | TF1 34 07 |RCL 7 81 = Bl = 35 01| g NOP
011 22 | GTO 35 01 | g NOP 3 f 42 CHS I
23 | LBL 022 09 x 21 DsP
13| ¢ 13 (¢ 51 — 83 -
31| f 34 05 RCLS 34 01 RCL1 00 0
61 TF1 81|+ 71 x 84 R/S
33 05 STOS5 34 03 RCL3 ! U P .
Ry Vo Rq Ay R;
_F_‘I E'_ . ]Rq Ve .ﬁ? Used R lpss HS Rs Ds5Z
R m Rs 8 Rs Rs 1y Re Re
Rj R; Rg Rg Rg Used — b s — |
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PHASE—LOCKED LOOP FOURIER SERIES
CODE | KEYS CODE KEYS CODE KEYS CODE KEYS CODE | KEYS CODE | KEYS
00| o | % 24 RATN 3/ g | 022 24 | RTN
33 08| STO8 34 01 RCL1 23 LBL 42  RAD | 18 |E 23 |LBL
84 | R/S 35 g 15 E 31| 1 33 | STO 15 |E
23 | LBL 04 x B g 43 | REG 61 ‘+ 44 | CLX
1 A 61  + g3 DSz 33 | STO 02 2 34 08 | RCLSB
35 g 71 x 22 GTO 09 ‘ 9 15 | E 42 | CHS
83 DSZ |33 06 sTO® 01 1 24 | RTN 33 | STO 35 g
33 02 STO2 | 35 g 34 05 RCLS 23 | LBL 61 |+ 83 | DSZ
84 R/S 83 DSZ 34 06 RCL6 12| B 03 |3 35 07 | gx2y
33 01| STO1 24 | RTN 41 ¢t 42 | CHS 15 |E 71 | x
84  R/S 35 01 g NOP a1 |t 33 08 STO8 33 | S§TO 35 00 | g LST X
23 LBL 34 06 RCL5 04 4 o1 1 61 |+ 35 07 | gx2y
12 B 24  RTN 71 | x 33 07 STO7 04 4 34 | RCL
35 g 23 | LBL 35 | g 24 RTN 15 | E 09 |9
83 DSZ 14 D 04 | 'k 23 LBL 33  STO 35 08 [gR{
33 04 STO4 34 01 RCL1 61 |+ 13 € B1 |+ 23 | LBL
84 | R/S 34 02 RCL2 7 ox 34 RCL 05 5 01 |1
33 03 STO3 34 04 RCL4 02 |2 09 9 15 | E 31 |f
84 RIS 71 x 81 |+ g1 + 33 | §TO 05 | COS
23 LBL 81+ 84 R/S 35 07 gx2y 61 | + 35 09 | g Rt
13|C 31| ¥ 23 | LBL 35 00 glLSTX 06 6 33 | STO
34 01 | RCL1 09 /x 011 81 + 23 | LBL 09 |9
34 02 | RCL2 3305 STOS 01 1 02 2 02 |2 44 | cLX
34 03 | RCL3 02 2 33 08 STO® 7 | 06 | 6 61 |+
61|+ 81 | + 35 08 gR4 35 g an | 35 09 | g Rt
34 04 | RCL4 34 04 RCL4 84 R/S 02 7 61| TF 1 T | x
71| % 34 03 | RCL3 35 01 g NOP 71 x 44 | CLX 0z |2
8|+ 71| x 35 01 gNOP a1 1 011 | x
<3 1l 71| x 35 01 gNOP 15 E 33 | 5TO 24 | RTN
09 | Vx 33 06 | STO 6 35 01 g NOP 33| 5TO | &1+ 35 01 | g NOP
33 05 STO5 35 g — e 81 + | 08 8
02 2 83 | DSZ 011 | 34 07 RCL7
81 |+ 24 | RTN 3 f o011
34 03 | RCL3 35 01 | g NOP 81 TF1 61 +
34 04 RCL4 34 05 RCLS 22 GTO 33 07| STO7
R4 G R4 C Ry ] '_al C, R4 Ca R, k
Rz & Rs wn R  0Sz | Rz G Rs Ce Re L
Rj R, Rg ¢ Rq | Rs ¢ Rs Cs Rg N ]
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DECIBEL CONVERSION
'CODE KEYS | |CODE KEYS CODE | KEYS
23 LBL 81|+ 35 01  gNOP
1 A 3|t 35 01 gNOP |
35 g 08 LOG 35 01  gNOP
83| DSz o1 1 36 01 gNOP
33 02| STO?2 00 0 35 01 | g NOP
84 R/S 7 | x 35 01 | gNOP
33 01 STO!I 84  R/S 35 01 | gNOP
84 R/S 23| LBL 35 01 | gNOP
23| LBL 14| D 35 01 | gNOP
12/ B o1 1 35 01 gNOP
35 g 00 0 35 01 gNOP
83| DSZ 8 35 01 gNOP
33 04 STO4 32| ! 35 01 | g NOP
84 R/S 08 | LOG 35 01| gNOP
33 03/ STO3 31 ¢ 35 01 | gNOP
B4 R/S 09 | Vx 35 01| gNOP
23| LBL 35 g 35 01 | gNOP
13| C 83| DSZ 35 01 gNOP
35 g 35 00| g LST X 35 01 | gNOP
83| DSZ 84 R/S 35 01 gNOP
22 GTO 84| R/S 35 01 gNOP
00 0 23| LBL 35 01| gNOP
34 03 RCL3 15 E 35 01 gNOP
3 01 RCL1 01/ 1 35 01| gNOP
8| = 33 08| STOS8 35 01| gNOP
31| f 3508|QR¢ 35 01| gNOP
08 LOG 84| R/S 35 01 gNOP
02| 2 35 01 g NOP 36 01 gNOP
00 0 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 0 35 01 gNOP
34 04 RCL4 35 01 g NOP
302 RCL2 | | 3501 gNOP
R, vV, Ra Pa R,
[R2 Py Rs Rs DSz
|Rs V3 Rs Ry

EE 1-33A 145
VOLTAGE TO dBm

CODE KEYS |CODE  KEYS CODE | KEYS
23| LBL 34 01 | RCL1 35 01 | gNOP
1 A 71 | x 35 01 g NOP
35 g 3| F 35 01 | g NOP
83 Dsz 09 x 35 01 | g NOP

33 01 STO1 84 R/S 35 01 | g NOP
84 R/S 23 LBL 35 01 gNOP
03 3 13| ¢ 35 01 g NOP
0 0 35 g 35 01 gNOP

34 03| RCL3 83 DSZ 35 01 gNOP
51 — |33 03 sTO3 35 01 gNOP
011 84 R/S 35 01 | g NOP
00 0 34 02 RCL2 35 01 | gNOP
81 + | ™ 412 35 01 | g NOP
32 | 71 | % 35 01  gNOP
08 LOG 34 01| RCL1 35 01 | g NOP

34 02 RCL2 81 = 35 01 | g NOP
41 1 31 f 35 01 | g NOP
7 ox 08 LOG 35 01 | g NOP
7 ox 03 3 35 01 gNOP

| 84 R/S 61 |+ 35 01 gNOP
23 | LBL 01!1 35 01 g NOP
12 B 00 0 35 01 gNOP
35 g 71 x 35 01  gNOP
83 DSz 84  R/S 35 01 g NOP

33 02 | STO2 | 23 LBL 35 01 | g NOP
84 R/S ‘ 16 E 35 01 | gNOP

34 03 RCL3 01 1 35 01 | g NOP
03 3 SSDG‘STOS 35 01 | g NOP
00 84 | R/S g NOP
6| = 35 01 | g NOP NOP
01 1 35 01 | gNOP
00 0 - |35 01| gnoP
81 = 35 01 | gNOP
32 £ 35 01 | gNOP
08 | LOG 35 01 gNOP

Ry z Ra R;

R2 v Rs Rg  psz |

Rs  dBm Rs Rq
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EE 1-34A

WIRE TABLES Al AND ANNEALED Cu

CODE | KEYS CODE | KEYS CODE | KEYS
23 | LBL 83 |- 03 |3
1 | A 00 0 71 |x
21  DSP 00 0 24 |RTN
83|+ 00 |0 23 | LBL
00 0 09 |9 14 |D
33 01 STO1 02 |2 13 |C
011 00 |0 34 02 RCL2
00 0 03 |3 35 07 gxiy
03 3 33 03 |STO3 4 |t
07 7 34 01 |RCL1 71 x
01 |1 24 | RTN 81 |+
33 02 STO2 23 | LBL 24 | RTN
a3 | - 13 |C 23 | LBL
00 0 21 | DSP 15 |E
00 0 03 |3 13 [C
03 3 83 | - 41 |t
00 0 04 | 4 71 | x
02 2 06 | 6 34 03 |RCL3
06 6 41 |1t 71 | x
09 9 41 |t 24 | RTN
33 03 STO3 83 |- 35 01 |gNOP
34 01 RCL1 00 |0 35 01 | g NOP
24 RTN 00 0 35 01 | g NOP
23 LBL 05 & 35 01 | gNOP
12 B 81 |+ 35 01 | gNOP
21 DSP 34 01 RCL1 35 01 | gNOP
83 - 03 3 35 01 | g NOP
00 0 61  + 35 01 | gNOP
33 01 STO1 03 |3 35 01 | gNOP
01 1 09 ' 9 35 01 | gNOP
07 7 81 |+
00 0 35 g
00 o 05 | y*
02 2 81 [+
33 02 STOZ2 43  EEX
Ry awc Rs R,
R, Resistivity :Fls Rg
R:s Density ;Rs Hs
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HEAT SINKS

CODE KEYS CODE KEYS CODE KEYS
21 DSP 00 0 83 -
04 4 36 g 08 8
3 | # 83 D5z 71 | x
43 REG 22 GTO 03 3
B4 R/S o1 1 02 2
23 LBL 33 05 STOS 61 +
1| A 84 R/S 84 R/S
35 g 23 LBL 23 | LBL
83 DSz o1 1 02 2

33 02 STO?2 33 06 STO6 34 | RCL
84 | R/S 34 05 RCLS 09 |9

33 01 | STO1 71 x 34 01 RCL 1
84 R/S 83 - 61  +
23 | LBL 04 4 34 02 RCL2
12|B 07 7 61 |+
35| g 02 2 34 03 RCL3
83 | DSz 42 CHS 71 | x

33 04 | STO4 35 g 34 04 RCL4
84 | R/S 05 y* 61 |+

33 03 | STO3 o 7 33 07 STO7
84 | R/S 08 8 84 R/S
23 | LBL 83 | - 23 | LBL
13 C 05 | 5 15 E
00| 0 09 |9 o1 1

35 07 | g x2y 71 | x 33 08 STOS8

!35 24 | gx>y 33 | STO 35 08 gRI
22 | GTO 09 | 9 84 | R/S

| o0 o 84 | R/S 35 01  gNOP

[ 02 2 23 | LBL 35 01 gNOP

| - 14D 35 01 | g NOP
06| 5 3 g

| 044 83 | DZ

| 42 | CHS 22 | GTO

[ 71 x 02| 2

‘ 23 | LBL 01 1

| S— ! |

E' fic Ry Ta R? Ty

_R2 fes Rs ! Rg DSZ

Ra Pd HB h !Rs ﬂsg
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