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The prerecorded magnetic cards supplied with EE Pac 2 contain
symbols which are intended to help the user run the programs with­
out reference to the user instructions. The following table summarizes
the symbols and their meanings.

2 Using EE Pac 2

USING EE PAC 2

EE Pac 2 is a collection of programs designed to assist the micro­
wave circuit designer. It also includes programs of use to the system
designer. Each program in the pac includes a short description of the
function the program performs, the equations used, instructions for
use of the program, example problems with keystroke solutions, and
a program listing.

Answers to the example problems are enclosed in parentheses fol­
lowing the problem statement as well as at the appropriate places in
the keystroke solution. Intermediate results appearing between cards
of a multiprogram sequence are enclosed in parentheses.

Many of the programs use the registers in a consistent manner so
that intermediate results calculated by one program may be used
directly in a related program without the necessity of writing it down
and re-inputting it. A chart on page 98 shows how the registers are
used.

FORMAT OF USER INSTRUCTIONS

The User Instruction Form that accompanies each program is a
comprehensive guide to operating the program. The form is com­
posed of five columns. Reading from left to right, the columns are
labelled as follows: STEP, INSTRUCTIONS, INPUT-DATA/UNITS,
KEYS, and OUTPUT-DATA/UNITS.

Instructions are to be executed in step-number order. Some User
Instruction Forms have certain numbers repeated in which case the
user must read ahead to determine which path to take.

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

The INPUT-DATA/UNITS column gives input variable names and
specifies the units to be used, where applicable.

The KEYS column specifies the key or keys to be pressed to
process the input data.

The OUTPUT-DATA/UNITS column explains the contents of the
display after the appropriate keys have been pressed.
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Using EE Pac 2 3

MEANING
input v

calculate v

input v or (if input is 0)

compute v

input VI and compute V2

input VI, press IENTER. I
then input V2

compute VI, then press liD
to compute V2

on input: VI tV2

on output: ~V2' VI



4 Entering A Program

ENTERING A PROGRAM

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

Set WjPRGM-RUN switch to RUN.
Turn the calculator ON. You should see 0.00
Gently insert the card (printed side up) in the right, lower slot as

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



Keystrokes:

Enter MEL (EE2-01A)

1.0611 1.11m BmDGJ@]-----i~~O.013lsTol@]

II ~ -0.013 ISTol ~

1.06 11 1.2 m B • 0.0231sTol [±] @]

II • -0.023IsTOI [±] ~

1.1111 1.25 m B • 0.0501sTol [±]@]

II • -0.050 ISTol [±]~

IRCLI @] .. 0.086

IRCL! ~ • -0.087

II • 0.332

EE2-Q1A 7

Example:

Suppose we wish to determine the attenuation of an attenuator
having SWR's of 1.2 and 1.25 at its input and output ends respec­
tively. The generator's SWR is 1.06 and the detector's is 1.11. What
is the uncertainty of the reference level (set before inserting the
attenuator into the system)? (±0.013 dB) Assuming that the attenu­
ation is so large that generator-detector interaction may be neglected,
what is the uncertainty of the level measured with the attenuator in
the system? (+0.086 dB, -0.087 dB) What is the maximum phase
error to be expected? (0.332

0
)

E J
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EE 2-01A
+-adB e

MISMATCH ERROR LIMITS

<11 <12 ++adB

MISMATCH ERROR LIMITS

() =± sin- 1 Ips PL I

This program computes the above quantities from standing wave
ratios or reflection coefficients.

+L',.dB = +20 log (1 + Ps pd
-MB =20 log (1 - Ps pd

6 EE2-Q1

In a microwave circuit having source and load reflection coefficients
r sand r L, there is an uncertainty of power transfer given by

There is a maximum phase error

associated with such a mismatch also.

where

Note:

Mismatch error limits may be manually stored for later use in any
unused register (R3 through R9 ).

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter MEL (EE2-01A) c=Jc=J
2 Input c=Jc=J

SWRs as ~C] Ps

SWRL aL LOCJ PL

or c=Jc:::J
Input c=Jc=J

Source reflection coefficient Ps ~CLJ Ps

Load reflection coefficient PL @§JCD PL

3 Compute c=:Jc=:J
Positive mismatch error limit CI::JCJ +f'.dB

Negative mismatch error limit LIJc=J -f'.dB

Phase error COc=J e



.- 0.090

.- -0.089

.- 0.087

.- -0.086

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter MMEL (EE2-02A) c=Jc=J
2 Input source and load SWR's c=Jc=J

Source SWR as CLJc=J as

Load SWR °L LAJc=J Ps

3 Input attenuator SWR's CJCJ
Input SWR 01 c=Jc=J 01

Output SWR 02 [j=:Jc::=J PI

4 Input attenuation L,dB [TICJ T2

5 Compute mismatch uncertainty c::=JCJ
Upper limit LQ::JCJ +l'.dB

Lower limit ~c=J -l'.dB

EE2-o2A 9

Example:

A source of SWR 1.06 is used with a detector of SWR 1.11 to
measure the attenuation of a 3 dB pad having 1.2 and 1.25 input and
output SWR's. What is the measurement uncertainty? (+0.090,
-0.089) What is the uncertainty for a 50 dB pad? (+0.087, -0.086)

Keystrokes:

Enter MMEL (EE2-02A)

1.06 [IJ 1.11 II 1.2 [IJ 1.25 m3 B II--.....
ID-----------...
50 B11----------..
ID-----------....

E' :1

~- :1

~
.~

Ill.'!""'

~... ~
mL'!C":.

~ Irna
11[11;

~ I~
IlII.I!ii

Itrw
fljl
fl ill
Ei l
Ei 'gil
CIJI
~ i .~

~'l'

MULTIPLE MISMATCH ERROR LIMITS EE 2-02A
~ uS+uL u1+u2 L,dB ++t.,-t.

References:

Adam, Steven F., Microwave Theory and Applications, Prentice-Hall,
Inc., 1969.

where

r S = complex reflection coefficient of source

r L =complex reflection coefficient of load

r 1 = complex reflection coefficient of device input

r z = complex reflection coefficient of device output
LOSS

T = power transmission coefficient = 10-10

This program computes the maximum and minimum error values
which are given by

MULTIPLE MISMATCH ERROR LIMITS

where

When a device is inserted between a source and load in a simple
insertion-loss measurement scheme, mismatch error due to secondary
reflectionsmay be calculated from the equation

8 EE2-02A
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These relationships are perhaps more clearly seen in this sketch:
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SMITH CHART:
RADIALLY SCALED PARAMETERS

l+p
a=--

I-p

M.L. = -10 log (1 _ p2)

RADIALLySrt1ItJ~~~~~METERS EE 2-03A q
~ cr+SWR cr+P P+R.L. P+M.L. + t!
~ SWR+<1 p+cr R.L.+P M.L.+P

SWR =20 log a

1
R.L. = 20 log ­

p

are related as follows:

The parameters

a =voltage standing wave ratio

SWR = standing wave ratio expressed in decibels

p =reflection coefficient

R.L. =return loss

M.L. =mismatch loss

The distance between a point on a Smith Chart and its center may be
measured by a number of parameters. Some of the most commonly
used ones are standing wave ratio, reflection coefficient, return loss,
and mismatch loss.

10 EE2-Q3A
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter a~p (EE2-03AI c:::Jr=J
2 Convert as appropriate r=Jr=J

Standing wave ratio to ratio r=Jr=J
in dB a CLJu::J SWR, dB

Standing wave ratio in dB c:::Jc:::J
to ratio SWR, dB D:Jr=J a

Standing wave ratio to re- c:::Jr=J
flection coefficient a CLJLiJ p

Reflection coefficient to c:::Jc:::J
standing wave ratio p CiJc:::J a

Reflection coefficient to c:::Jr=J
return loss p CLJCU R.L., dB

Return loss to reflection c:::Jc:::J
coefficient R.L., dB U::Jc:::J p

Reflection coefficient to c:::Jr=J
mismatch loss p CLJCLl M.L.,dB

Mismatch loss to reflection c:::Jc:::J
coefficient M.L., dB CQ:Jr=J p

Example 1:

Convert a 6 dB SWR to o. (2.00)

Keystrokes:

611-------------•• 2.00

Example 2:

Convert a standing wave ratio of 5 to mismatch loss. (2.55 dB)

Keystrokes:

51111 B II II-------·~2.55



where

and

14 EE2-Q4A

l+f
Z =ZL8 =Zo-­

1-f

EE2-Q4A 15

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter Z '" r (EE2-04A) CJCJ
2 Input characteristic impedance zo,n c:=TICJ zo,n

3 Input impedance CJCJ
Angle 8, deg COc=J 8, deg

Magnitude z,n CDCJ 0.00

or CJCJ
Reactive component x,n c=!:JCJ x,n

Resistive component R,n LE::Jc=J
then compute reflection coe- CJCJ
fficient CJCJ

Magnitude ITJCJ p

Angle ~CJ </>, deg

4 Input reflection coefficient CJCJ
Angle </>, deg ITJCJ </>, deg

Magnitude p CDCJ 0.00

then compute impedance CJCJ
Magnitude CLJCJ z,n

Angle ~CJ 8, deg

or CJCJ
Resistive component CUCJ

~CJ R,n

Reactive component ~CJ x,n

CJCJ
• Note: Continued pressing of CJCJ
R!S will interchange the out- CJCJ
puts. CJCJ

~I ~;iI".

~. fI

~ fB

~. ~

~ ~

~ ~i

~ ~

r- ~

~ ~

r ~.

~. 31

f iI

~ ~

EE 2-04A N
++
'-:l

IMPEDANCE~l~L~~~l6t COEFFICIENT
[::J '\I' '\I'
~ Zo etz <!>+p XtR

f =complex reflection coefficient

p = I f I
--'>

¢=Lf

Z =impedance

Z= IZ I
8=LZ

Z_. -1
.. Zo
f=pL¢=--=--

~+1
Zo

SMITH CHART:
IMPEDANCE: REFLECTION COEFFICIENT

The resistive and reactive components (R, X) of Z may be input
instead of Z and 8.

Any point on a Smith Chart may be referenced in a number of
different coordinates. This program converts between impedance and
reflection coefficient. For a system having characteristic impedance
Z the impedance and reflection coefficient are related by0,
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Example 1:

A SOil system is terminated with an impedance of 62 L37°. What is
the reflection coefficient? (0.35 L70.19°)

Keystrokes:

Enter z~r (EE2-04A)

5011 37 m 621J II ---------'.~ 0.35

liB • 70.19

Example 2:

A reflection coefficient of.5 n° is observed in a 12il system. What
are R and X? (209.75, 34.08)

Keystrokes:

1211 7m .5 IIIJ [!j IR+PJ-----........ 209.75

liB .~~



where

~";;1
h

dB
.Q

uniform current distribution
20 h dB
-----
In 10 w Zo .Q

EE2{)5A 19

Er = relative permittivity of dielectric

Eeff = effective permittivity of dielectric

h = dielectric thickness, same units as w

w =width of microstrip, same units ash

Vr = relative phase velocity of lossless line

Zo = characteristic impedance of corresponding air line, .Q

Zc = characteristic impedance of lossless microstrip, .Q

A=

The second card accepts the conductor thickness and computes a
normalized conductor loss A.

I
t i~

fjJ
f ill
~ .. I-~

O";;~ ";;10
h '

MICROSTRIP CALCULATIONS

MICROSTRIP CALCULATIONS-1 EE 2-05A1 3:
UI

~ w(cm) h(cm) £r -
MICROSTRIP CALCULATIONS - 2 EE 2-05A2 3:

UI

~ t(cm)
.
'"

MICROSTRIP CALCULATIONS - 3 EE 2-05A3 3:

~
UI

~
p(o-cm) f(Hz) +ac +R +Q c:.

18 EE2{)5A

This program is composed of three cards. The first one accepts con·
ductor width w, dielectric thickness h, and relative permittivity Er ,

and computes relative phase velocity Vr and characteristic impedance
Zc for lossless line. The following formulas, accurate to ±0.25% for

are used.

E -1 ~ h)-V,
+ T ~ + 10-;-

1
vr =---

YEeff

:~

;711
It'=- where

60 In (8 ~ +~) w
";;1

w 4h h

Zo = 1201T

W h (1_~)6-+2.42-0.44- -i;
h w

Zc = Vr Zo

~ >1, h

lfi
It~""

ji]jj
Il~

":":::;l\
IIJ~

It·""

11111
IL"""

2. ln 41TW w 1..;;-
aw 1T t h 21T

at
.lln~ ~ >_1_
1T t h 21T

The third card accepts conductor resistivity p and frequency f and
computes copper loss Q:c, resistance per unit length R, and unloaded
quality factor Qo .
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c = 3 X 108 cm/s

fJo =41T X 10- 9 H/cm

RsA
ao =---

h

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter MS-1 (EE2-05A1) CJCJ
2 Input CJCJ

Width of microstrip w,cm CAJCJ w,cm

Thickness of dielectric h,cm CDCJ w/h

3 Input relative permittivity and CJCJ
compute relative phase velocity CJCJ
of lossless line E, [TICJ v,

4 Compute characteristic imped- CJCJ
ance of lossless line c:BL§]CJ ZC

5 If a uniform current distribution CJCJ
is assumed, skip to step 8 CJCJ

6 For Schneider's non-uniform CJCJ
current distribution, enter CJCJ
MS-2 (EE2-05A2) CJCJ

7 Input line thickness t, em CDCJ A,dB/Q

8 Enter MS-3 CJCJ
9 Input CJCJ

Resistivitv p, Q-cm CDCJ
Frequency f, Hz CiJCJ "c' dB/em

10 Display as desired CJCJ
Copper loss UJCJ "c, dB/em

Resistance per unit length LQ:]CJ R, Q/cm

Unloaded a CUCJ 00

11 If card 2 has been run and it is CJCJ
desired to recompute using the CJCJ
uniform current assumption, CJCJ
press IT]~ and retu rn to step CJCJ
9. CJCJ

t ·f~i

~ m.110' .

E ~i[i

E 1IIi1lIlT"-:

".IIIE IIU--:- ,
~,

i ')'!;,.

E [I
~ ill(

~L ;::1
III

~. ~Ii

~. uriI"

~ :11

~ fI

~ .~
ill

f201T
Qo = In 10

The second card may be omitted from the series if only the uniform
current distribution is desired.

Reference:

M. V. Schneider, "Microstrip Lines for Microwave Integrated
Circuits," Bell System Technical Journal, 48, No.5 (May-June
1969).
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Example 1:

What is the impedance of a microstrip having width 1.9 cm spaced
1.9 cm from a ground plane by a dielectric of relative permittivity
€r = 1.032? (125.31 !1)

Keystrokes:

Enter MS-l (EE2-05Al)

1.9111.9 I] 1.032 m-------.....,..~ 125.31

Example 2:

If the microstrip of example 1 is 0.00254 cm thick and has a bulk
resistivity of 1.7 /l!1-cm, what is the attenuation at 30 GHz, assuming
a non-uniform current distribution? (1.64 x 10-3 dB/cm)

Keystrokes:

Enter MS-l (EE2-05Al)

1.9111.9 1]1.032m--------l..~125.31

Keystrokes:

Enter MS-2 (EE2-05A2)

.00254II-----------~.. 0.65

Enter MS-3 (EE2-05A3)

1.7IEEXllcHSJ[]] 11301EEX191]-----.... 1.64 x 10-3
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The transmission line shown has a lumped model composed of
elements L, C, R, and G. From this model the following equations
can be derived

This program computes the input impedance of lossy transmission
line terminated in ZL' Cards 1 and 3 provide an exact solution when
the distributed line parameters Ro (= yfL/C), R, and G are given and
cards 2 and 3 provide an approximate solution when Ro, copper loss
and dielectric loss are given. The inputs to card 2 may be provided
automatically by MS-3 (EE2-0SA3).

RO=/f

_ R _ vR
r----

L Ro

.G
g=C =vRo G

w = 211"f

L = inductance/unit length

C = capacitance/unit length

R = resistance/unit length

G = conductance/unit length

v = 3 X 108 vr

vr = relative phase velocity

f = frequency, Hz

where

Let

Then

where

1= line length

ZL = impedance of termination

Zo = characteristic impedance of line

r = propagation constant of line

Zo and r are computed differently depending on which solution is
selected.

t ··1

~ I

C ...~

E -I

E ~.,

i -~.

E :~t

~ f!

!; ~.
LL

~. fJ)
l L

~. P!
II

~ ill
l L

~. ~
LUI

E ':"..
IIIlI
LUi

~. I·~.
11lJ
L..ii

~
·1

x

MODEL

TRANSMISSION LINE CALCULATIONS

TRANSMISSION EE 2-06A1 -i
LINE CALCULATIONS - 1 r-

~
0

v,tRo I R G ~

TRANSMISSION EE 2-06A2 -i
LINE CALCULATIONS - 2 r-

0

~ f v,tRo I "c "0
,

N

TRANSMISSION EE 2-06A3
-i

LINE CALCULATIONS - 3 l:;
~ ZL+Zin

,
~ Col
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where

13 = __1_ [W2- rg +V(r2 + W 2)(g2 + w2) J Y,

V2v
The approximate solution is

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 If Rand G are known, enter c:=Jc:=J
TLC-l (EE2-06All c:=Jc::=J

2 Input c:=Jc:=J
Frequency f, Hz [A]c::J ,

W

Relative phase velocity vr CDc::J vr

Characteristic im pedance of c:=Jc:=J
lossless line Ro,n CDc:=J vr

Line length I,cm ITJc::J 12-y1l

Resistance of line per unit c:=Jc:=J
length R,n/cm [I]c::J R/L

Conductance of substrate c::Jc:=J
per unit length G, S/cm [I]c:=J L-y

3 Enter TLC-3 (EE2-06A3) c::Jc::J
4 To compute input impedance, c:=Jc::J

input c:=Jc:=J
Angle of terminating c:=Jc:=J
impedance LZL' deg ITJc:=J LZL, deg

then Magnitude of terminating c::=Jc:=J
impedance IZLI,n CAJc:=J IZinl,n

~c::=J LZin, deg

or c::Jc:=J
1 If o<c and aD are known, enter c:=JCJ

TLC-2 (EE2-06A2) c::::Jc::::J
2 Input c:=Jc::=J

Frequency f, Hz o.=Jc:=J f, GHz

Relative phase velocity vr COc:=J vr

Characteristic impedance of c::Jc:=J
lossless line Ro,n LOc::J vr

Line length I,cm Q::Jc::J 2130 1

Copper loss per unit length o<c,n/cm c::E::=Jc::::J o<C, n/cm

Dielectric loss per unit length 0<0, n/cm ~c:=J L-y, deg

'II·.I .

e- li

~ II

E --
C II

E". JI

~. -II

~ II

~ •F
~i·
~ill

~II-'

r::~ i "

± R
o

[(rg + w2 ) +V(r2 + W 2)(g2 + w 2 ) JY,

V2(g2 + w 2
) L

in which the + sign is chosen when g > r

and the - sign is chosen when g < r

CXc =Copper loss, nepersjunit length =~ .-!:..
2 Ro

CXD = Dielectric loss, nepersjunit length =~ GR.
2

w
130 =­

v

{} [

CXD - cxc ]
1m Zo = Ro 130

{ } _ [ 1 (CXc - CXD) ~3 CXD + cxc )]Re Zo -Ro 1+-
2 130 130

r = cx +j13

cx =__1_ ~g _ w 2 +V(r2 + W 2)(g2 + w 2 ) J Yz

V2 v L

and

The exact solution is

Zo = Re {Zo} + j 1m {Zo}

['" + w' + ,1(" + w'Xg' + w'1"
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INSTRUCTIONS
INPUT KEYS OUTPUTSTEP DATA/UNITS DATA/UNITS

3 Continue with step 3 above c:=Jc:=J
or c:=Jc:=J

1 If MS-3 (EE2-05A3) has just c=Jc=J
been run, enter TLC-2 (EE2- c=JCJ
06A2) c:=Jc:=J

2 Input CJCJ
Line length I,cm CLJCJ 2130 1

Dielectric loss per unit length aD, U/cm CLJCJ L"f, deg

3 Continue with step 3 above c::=JCJ
Example 1:

A transmission line has the following properties:

R == 1.2664 .s1/cm

G == 0.000 04187 S/cm

Ro == 55 .s1

Vr == 0.85

What is the input impedance 3.5 cm of this line at 2 GHz if it is
terminated in ZL == 75 L-300? (48.0078 L28.4788°)

Keystrokes:

Enter TLC-l (EE2-06Al)

21EEXI9 m.85 0 55 iii 3.5 & 1.2664 II
.0000418711----------.... (1.26)

Enter TLC-3 (EE2-06A3)

30 ICHSI 0 75 mimi 8 4--------'.... 48.0078

liD .. 28.4799

'­ill
ill
1-"

c1tJ
Ic fJ

i ···iI

•It.;; .

EE2-QSA 29

Example 2:

A 4-cm gold (p == 2.3 J-L.s1-cm) microstrip line of 50-mil width is on a
50-mil alumina (er == 9.5) substrate. Assuming a uniform current
distribution and zero dielectric loss, what is the input impedance of
the line at 124 MHz when it is terminated in 75 .s1? (70.66 L-12.22)

Keystrokes:

Enter MSC-l (EE2-05Al)

.050 2.54~mIil9.5&------.... (49.54)

Enter MSC-3 (EE2-05A3)

2.3IEExllcHs16111241EEx16 iii&----... (.0046)

Enter TLC-2 (EE2-06A2)

4&011-----------... (89.54)

Enter TLC-3 (EE2-06A3)

0075 m-------------.. 70.66

liD • -12.22
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CUTOFF FREQUENCY IN COAX

EE2-Q7A 31

Example 1:

What is the cutoff frequency of an air line if a = 0.15 and b = 0.35?
(19.1 GHz)

CUTOFF FREQUENCY IN COAX EE 2-07A

~ ~+l abc

oc
d
:+I

Keystrokes:

.15 II .35 mI II a _ [!]-------l.~ 1.91 x 1010

This program provides an interchangeable solution to the coax cutoff
equation:

f= c _

1T(a+b)~

where

f = frequency in Hz

c = 3 X 1010 cmls

a = radius of inner conductor

b= radius of outer conductor

€r = relative permittivity of dielectric

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter CUT OFF (EE2-07A) c:=:Jc:=:J
2 Input 3 of the following c:=:Jc:=:J

Frequency f, Hz r.=Dc:=:J 0.00

Radius of inner conductor a, em COc:=J 0.00

Radius of outer conductor b,cm ~c:=:J 0.00

Relative permittivity of c:=:Jc:=:J
dielectric €r [TIr=:J 0.00

3 Compute the unknown c:=:Jc:=:J
Frequency [I]c:=J f, Hz"

Radius of inner conductor ITJc:=:J a, em

Radius of outer conductor ITJc:=:J b,cm

Relative permittivity of c:=:Jc:=:J
dielectric Ci:Jc:=J €r

c:=:Jc:=:J
"Note: After computing fre- c:=:Jc:=:J
quency, wave length may be c:=Jc:=:J
computed also. [M]c:=:J A.cm

;~
{e'

:~

:~

Example 2:

What is the cutoff frequency of the same line if the dielectric has an
€r of 2.7? (11.6 GHz)

Keystrokes:

.15 11.35 m2.7 IIa_[!] --------'.~1.16 X 1010

Example 3:

What outer radius is required for an air line whose inner conductor
has a radius of .15 em if a cutoff frequency of 15 GHz is desired?
(.49 cm)

Keystrokes:

151EEXI9 a .15 II 1IIm--------'.~ 0.49
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RECTANGULAR WAVEGUIDE
CALCULATIONS

Clc::
6
m

e····1
EE2-QSA 33

Above cutoff, the wave will propagate with phase velocity

and group velocity

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter GUIDE (EE2-QSA) c=Jc=J
2 Input c=Jt=J

Wide dimension a, em CIJc=J a, em

then Narrow dimension b.cm CIJc=J b.cm

then Relative permittivity €r CEJCJ v

3 To compute cutoff frequency. c=Jc=J
input c=Jc=J

Number of half-wave E-field c=Jc=J
variations m CIJc=J m

Number of half-wave E-or c=Jc=J
H-field variations n o=Jc=J fe• Hz

4 To compute attenuation for c=Jc=J
f < fe• input c=Jc=J

Frequency f. Hz COc=J Ct, nepers*

5 To compute guide wavelength c=Jc=J
for f> fe• input c=Jc=J

Frequency f. Hz ITJc=J Ag. em

then Compute group velocity c=:E::Jc=J vg• cm/s

or Compute phase velocity ITJc=J vp• cm/s

c=Jt=J
* To convert nepers to decibels ~@:J

This program computes the cutoff frequency of energy propagating
in the TEmn mode in waveguide of dimensions a x b filled with a
dielectric of relative permittivity €r. It also computes either attenua­
tion (for frequencies below cutoff) or waveguide wavelength (for
frequencies above cutoff). In addition, above cutoff, group and phase
velocities may be calculated.

Cutoff frequency is given by

v =phase velocity =__c_
ve;

fc = cutoff frequency in Hz

c = velocity of light in vacuum = 2.997925 x 108 mls

m = number of half-wave variations of electric field along
wide dimension of waveguide

n = number of half-wave variations of electric or magnetic
field along narrow dimension of waveguide

a = wide dimension of waveguide, cm

b = narrow dimension of waveguide, cm

Below cutoff, the waveguide acts as an attneuator having attenuation

where

IX =attenuation in nepers

f = frequency in Hz

~...

.r:.

and the guide wavelength will be A =~
g f
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Example 1:

An air-filled waveguide has inside dimensions 2.286 cm x 1.016 cm.
What is the cutoff frequency for waves propagating in the TElo

mode? (6.56 GHz) What is the phase velocity of a TE21 wave at
25 GHz? (4.89 x 1010 cm/s)

Keystrokes:

2.28601.01601 aID 2--------l.~3.00 x 1010

10 0 II • 6.56 X 109

2 01 II • 1.97 X 1010

251EExl9 IIII • 4.89 X 1010



This program allows conversion among various representations of
frequency. The relations used are

FREQUENCY CONVERSIONS

36 EE2-o9A

FREQUENCY CONVERSIONS

T w

T = l/f

w = 21Tf

A. =vlf

where

T = period

f = frequency

w =radian frequency

A. = wavelength

v = propagation velocity

EE 2-09A :ll
A V a

f= liT

f =w121T

f =viA.

I
t··I~

t [~i
EiiJ
E ;-JI

I

g. -I

I
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Example 1:

Convert 12 MHz to wavelength. (24.98 meters)

Keystrokes:

Enter FREQ (EE2-09A)

121EEXI6 B II .. 24.98

Example 2:

What is the period of a 10 cm wave? (334 psec)

Keystrokes:

Enter FREQ (EE2-09A)

10 IEEXI ICHSJ2 IIm .. 3.34 x 10- 10

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter FREQ (EE2-09A) c=Jc=J
2 Input one of the following c=Jc:=:J

Frequency f, Hz UJc=J 0.00

Period T, sec CIJc=J 0.00

Radian frequency w, sec- 1 [I]c=J 0.00

Wavelength A,m [TIc=J 0.00

3 Compute one of the following c=Jc=J
Frequency c::AJc=J f, Hz

Period COc=J T, sec

Radian frequency [TIc=J w, sec- 1

Wavelength ~c=J A,m

4 To change the propagation c=Jc=J
velocity v, m/sec o:::Jc=J v, m/sec

5 To restore default value of c=Jc=J
propagation velocity @[][MJ

~'.



L =Lobewidth

Q= linespacing

SW =Sweep Width, MHz
em

EE2-10A 39

VRMS = Vd hBW

T = pulse width

k =an empirically derived correction factor =1.5

BW = Bandwidth setting of spectrum analyzer, Hz

Pk =peak-to-average power ratio =10 log 2­
T

the lines will not be resolved. In this case, the displayed level will
vary with B. The voltage of the pulse will now be given by

pulsewidth, T = 2
LxSW

pulse spacing T =_1_
QSW

where

where

The equations used are

This program accepts and stores the spectrum analyzer display
setting (MHz/em). Lobewidth is then converted to pulse width and
linespacing is converted to pulse spacing. The displayed voltage is
now converted to the RMS voltage of the pulse and the peak-to­
average power ratio is displayed in decibels.

If the i-f bandwidth is large

c ~'

.1[1.

II Iii!

C wi.
II III'!

C ~.
If[flli,

C
~'
fn.
III~

C IIJi
[lime

E
.~

IIIIIIl
1111l~

C ~
Illl!.~

C niiJlj
II Ill'

E Iii.
II[~.

C III~
Ill~

C IInU!\
11(11).

C IIlllI!J
11I11~

C II/iii!
11i6!l;

C II I Ill!
II II!!!,

C lull

Iltllfi

~. ill..lI'

IWI,:

T

1
T

1

sinx
x

LINE AND PULSE
SPECTRUM ANALYSIS

SW L+T I+T

LINE AND PULSE SPECTRUM ANALYSIS

1--T---1

*If the i-f bandwidth is too great, the lines will not be resolved.

and the envelope nulls are spaced

where T is the pulse repetition period and T is the pulse width.

evelope. The lines areseparated by

When pulsed RF is applied to the input of a spectrum analyzer, the
resulting display is a line spectrum* with a

38 EE2-10A
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter SPECT (EE2-10A) c=Jc=J
2 Input sweep width SW, MHz/cm o=Jc=J 0

3 Convert lobewidth to pUlse c=Jc=J
width L,cm LDc:=J T, IlS

4 If spectrum lines are not re- c=Jc=J
solved, skipto step 9 c=Jc=J

5 Convert Iinespacing to pulse c:=J[=:J
spacing Q, cm c:s=Jc:=J T,lls

6 Compute duty cycle [M]c=J TIT

7 Convert displayed voltage to c=Jc=J
RMS pulse voltage Vd, V CQ:]c=J VRMS, V

B Compute peak-to-average power c=Jc=J
ratio [M]c=J Pk

9 If spectrum lines are not resolved c=Jc=J
then to convert displayed voltagE c=Jc=J
to RMS puise voltage c=Jc=J
Input c=Jc=J

Bandwidth BW, Hz IT:Jc=J BW, Hz

then displayed voltage Vd, V C[]c=J VRMS, V

Example:

A spectrum analyzer is set at 3 MHz/em. A line spectrum has a lobe­
width of2 em and the lines are.3 em apart. What are 7 and T? (.33J,ts,
1.11J,ts) What is the duty cycle? (0.3) If the displayed voltage is
500mV, what is the RMS voltage of the pulses? (1.67V)

Keystrokes:

Enter SPECT (EE2-lOA)

313211-----------.... 0.33

.3 II • 1.11

liD .. 0.30

5& .lm
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SPURIOUS RESPONSES

SPURIOUS RESPONSES EE 2-11A

~ fmin+fmax Mmax+Nmax f1+f2 SPURS

Nonlinear elements are often used to mix RF and LO signals to
produce an IF signal. The mixer may also output frequencies formed
from harmonics of the inputs. This program computes values M and
N which produce spurious responses falling within some specified IF
band:

where

fmin , fmax == limits of band of interest

f 1 == RF frequency

f2 == LO (local oscillator) frequency

M, N == harmonics of f1 and f2

....,R"'-.F.....,IN"-'p'--'u.....T. ....,Q9 ~--'.!.IF.....lO~U~T!..!Pc..!U~T'-.

1
LO INPUT

A sign is attached to the output to indicate which sign satisfies the
above constraint.

cr .,
c ,.
C ;,
E :!I

C i'
C ,
E :,
C -ttl

~ :,
C I~I.

e .~

~ ,
C uP
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INPUT KEYS OUTPUTSTEP INSTRUCTIONS
DATA/UNITS DATA/UNITS

1 Enter SPURS (EE2·11A) CJCJ._.

2 Input CJc=:J
IF frequency limits CJCJ

fmin ,
. COc::J fmin ,

.fmin

fmax , . ~CJ fmin ,
.fmax

Highest harminics to consider CJCJ
Mmax M COc::=J M

Nmax N LLJc:=J M

Mixer input frequencies 1c::=Jc:=J
f
"

. CJc:=J f
"

.RF frequency

f2 ,
. [£]CJ f

"

.LO frequency

3 Compute spurious responses UJCJ ±M.N

4 Press R/S to continue search c:=Jc::J
until flashing zeroes indicate CJCJ
search is complete. ~CJ ±M.N

5 Optional: After any display of c::=JCJ
M.N, compute th~ actual fre- CJCJ

u::JCiiJ fSPUR,
.quency of the spur.

then to continue search, go to c=:JCJ
step 4 CJc=:J

CJCJ
*Frequencies may be input in r=Jr=J
Hz, kHz, MHz, GHz or what- c::=Jc=:J --f--------

r=Jc=:Jever is appropriate.

r=JCJ
fUse appropriate sign CJCJ
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Example:

Compute the spurious outputs up to M = 6, N = 7 falling in the band
.5 to 3.5 MHz if the RF frequency is 7 MHz and the LO frequency
is 5 MHz.

Keystrokes:

Enter SPURS (EE2-1IA)

.5 IT] 3.5 a 6 IT] 7 II 7 IT] 5mII -----1.~ -1.01

II 8 • 2.00

liD • -1.02

II 8 • -3.00

liD .~m

II 8 • -1.00

liD .~M

II 8 • 1.00

liD • -4.05

118 • 3.00

liD • -4.06

II 8 • -2.00

liD --------------.. flashing zeroes
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Level =20 log In(m)

FM SIDEBAND LEVELS

6.¢m
m= 180

Keystrokes:

Enter FMLVL (EE2-12A)

1.774 [I] 0EI------------- -8.99

EE2-12A 47

Example:

What is the carrier suppression of a frequency-modulated wave whose
modulation index is 1.774? (-8.99 dB)

STEP INSTRUCTIONS INPUT OUTPUT
DATA/UNITS KEYS

DATA/UNITS
1 Enter FM LVL (EE2-12A) CJCJ
2 To compute sideband level with CJc=J

respect to unmodulated carrier: [=:JCJ
2a Input modulation index CDC]m m

then input sideband number CJc::::::J
(0,1,2,... ) n ITJc:=J'-- Level, dB

or CJCJ
2b Input peak phase deviation <P, Deg C£JCJ m

then input sideband number CJc::::::J
(0,1,2,... ) n I c:::uc::::::J Level, dB

3 To compute sideband level with CJ[=:J
respect to modulated carrier: I[=:JCJ

3a Input modulation index [I]c::::::Jm m

then input sideband number CJc::::::J
(0,1,2, ... ) n ITJc=J Level, dB

or CJc=J
3b Input peak phase deviation <P, Deg COCJ m

then input sideband number [=:JCJ
(0,1,2,... ) n o=JCJ Level, dB

c~ I

f~ ;1

e ~J

C fI

C ;!lit

t ~

C IJrI
IlIJD

C ~d
Id

C- Ilia
lIL1I

C III~
IlU

t -7

IllJ
IIU

C Ilrj
IlL'

C III I

IlL'

e- Ifl.

IlL.

e III-I

ilL

=I~LI£'

lIL

EE 2-12A i!!
~

k! (n +k)!

(m) n+2k(_l)k _
2

K= 15 + MAX (n,m)

k=K
In(M) = I.

k=O

FM SIDEBAND LEVELS

~ m+n.LVL m+n.RLVL A¢l.m

and

In(m)
Level =20 log -(-)Jo m

Note:
The program may not yield correct answers for m > 15.

The modulation index is computed from peak phase deviation using
the relation

The sideband level with respect to modulated carrier is computed by
comparing two Bessel functions:

where

From modulation index m and sideband number n, the sideband
level with respect to unmodulated carrier is computed from an
approximation to the Bessel function

This program computes sideband level in dB with respect to the level
of either the modulated or unmodulated carrier. Inputs are sideband
number and either modulation index or peak phase deviation in
degrees.
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MODULATION INDEX FOR

SPECIFIED CARRIER SUPPRESSION

zc
~

This program computes a value of modulation index which causes a
specified amount of carrier suppression. The program uses an
iterative technique known as "regula falsi" to compute a root of

Jo(x) - y = 0

where

Jo(x) =Bessel function of first kind of oth order

20 log y = carrier suppression in dB

The Bessel function is computed by a method similar to that used in
the FMLVL program (EE2-12A).

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter INDEX (EE2-13A) c=Jc=J
2 Input carrier suppression and c=Jr==J

compute modulation index y, dB [TIc=J m

Example 1:

What modulation index is necessary if the carrier suppression is to be
5 dB? (1.41)

Keystrokes:

511 • 1.41

Example 2:

What modulation index will cause complete (1000 dB) carrier
suppression? (2.40)

Keystrokes:

100011------------..... 2.40
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CONSTANT-EXCESS NOISE MEASUREMENT

(
1 Th-YTc )

F = 10 log 1 +-- ---,~~-
290 Y-1

For a given Tc, Th, and Y this program computes noise figure F. In
addition, routines are provided to convert between noise figure and
noise temperature:

Tc = 90 K

Th =375K

Y = 0.85 dB

6.311-------------..... 947.08

Keystrokes:

EE2-14A 51

90 El375 I!I .85B----------'.~ 7.19

Keystrokes:

Example 2:

What is the equivalent noise temperature if the noise figure is 6.3 dB?
(947 K)

Example 1:

What is the noise figure of a receiver if

STEP INSTRUCTIONS INPUT KEVS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter V·FACT (EE2·14A) c::=Jc::=J
2 Input noise source temperatures c::=JCJ

Cold Te, K CDCJ Te, K

Hot Th,K o:::Jc:::::J Th,K

3 Input V-factor and compute CJCJ
noise figures Y,dB CDCJ F, dB

4 Convert noise figure to noise c:::::Jc=J
temperature F, dB CQ:Jc:::::J T,K

5 Convert noise temperature to c::=Jc:::::J
noise figure T,K COc:::::J F, dB

c-~ ."!

C I

C- J

E .~

C I

e-. ~It

=- ~.

C :)

~. ~

~ ~Ill'

=-
III
ILl~

~ i1!1
IIlC

EE 2-14A
F+T T+F

CONSTANT-EXCESS
NOISE MEASUREMENT

Tc Th V+F

T = 290 (10 1: -1) = noise temperature in kelvins

F = 10 log (1 + 2~0) = noise figure in decibels

Reference

Lance, A. L., Fujimoto, P. M. Cohen, B. J., "Y-Factor Curves Simplify
Noise Evaluations, " Microwaves, August, 1974, p. 48.

A commonly used method of determining a receiver's noise figure is
the constant-excess or V-factor noise measurement technique. The
noise at the receiver's output when the input is connected to a cold
noise source of temperature Tc is noted. The receiver is then con­
nected to a noise source of Th and sufficient attenuation is added to
the receiver's i-f stage to reduce the resulting output noise to its
previous level. If the amount of attenuation introduced is Y, then the
receiver's noise figure is given by
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c·······~-_
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where

F = 10 dB

F = +6 dB

G = -6 dB

F = 3 dB

G = 10 dB

F = 1.5 dB

G = 6 dB

Keystrokes:

Example 2:

What is the noise figure in example 1 if the gain of the first stage can
be increased to 9 dB? (2.05 dB)

Keystrokes:

Et 1.5 [!] 9 III 3 [!] 10 III 6 [!] 61cHSI III 10 [!] III--i.~2.05

Example 1:

What is the overall noise figure of the sytem shown? (2.58 dB)

Et 1.5 [!] 6 III 3 [!] 10 III 6 [!] 61cHSI III 10 [!] III--l"~ 2.58

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter NET F (EE2-15A) r==Jr==J
2 Initialize C1Jr==J 1.00

3 Input values for each stage r==Jr==J
Noise figure Fj, dB C:Oc=J

then Gain' Gj,dB COc=J F,dB

4 Convert noise figure to noise r==Jr==J
temperature F. dB CDr==J T,K

r==Jc=J
'Note: For last stage, Gain may r==Jc=J
be anything. r==Jc=J

Ii .J

E :I

E* ,
! !III. ,

C· {J

e 1'1
[~-

=- fa1.["

E [I

t rJ

e= .~
~,

z
~

"F+NF

EE 2-15ANOISE FIGURE OF
CASCADED NETWORKS

~ START Fj+Gj+F F+T

T = noise temperature in kelvins

F = noise figure in decibels

NOISE FIGURE OF CASCADED NETWORKS

F i =noise figure of ith network in dB

Gi = gain of ith network

NF z -1 NF3 -1
NF = NFl + ---,----- + + ...

G1 G1 Gz

This program accepts noise figure and gain, both expressed in dB, of
an arbitrary number of networks and computes the overall noise
figure in dB. It can also be used to convert a noise figure to a noise
temperature using the relation

where Fi

NFi = 10 10 =noise factor of ith network

The noise figure of a network is a measure of noise generated within
that network. For cascaded networks, the overall noise figure is
given by:
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter MATCH (EE2-16A) c:::=Jc:::=J
2 Input c:::=JCJ

Load impedance c:::=Jc:::=J
Reactive part xL,n [I]c:::=J xL,n

then Resistive part RL,n [TIc:::=J XL,n

Source impedance c:::=Jc:::=J
Reactive part xs,n [I]c:::=J xS,n

then Resistive part Rs,n u=Jc:::=J xs,n

3 Compute values for first net- c:::=Jc:::=J
work c:::=Jc:::=J

Shunt reactance LI:Jc:::=J x1,n

then Series reactance [B§]c:::=J x 2 ,n

Repeat step 3 to obtain another c:::=Jc:::=J
set of val ues c:::=Jc:::=J

4 Compute values for second c:::=Jc:::=J
network c:::=Jc:::=J

Shunt reactance ITJc:::=J x1,n

then Series reactance CB2§]c:::=J x 2 ,n

Repeat step 4 to obtain another CJc:::=J
set of val ues c:::=Jc:::=J

c:::=Jc:::=J
"Note: If one of the above net- c:::=JCJ
works is inappropriate, flashing c:::=JCJ
zeroes will occur. Simply press c:::=JCJ
R/S and continue. c:::=Jc:::=J

c:::=Jc:::=J

~. :;j.

e :~l

f ~II

f ;~
1(1f'"

e- l2jJ
II Ir'

~. 17;
IIIr'

e ~
II Ir'

~
;a;
Ill["

~ ~11.1

e iI
111l'

C ~
II t"

~ il1I
II ['

C- c-;;J
II 1-1
[( C

~ OJ
Il I:

~ ilL
ILL

C~
-'--'
IL~

IL"-

-zt

Rs (XL 2 + RL2)

Rs -RL

z;-

z:-

IMPEDANCE MATCHING

Either of these two networks is possible

An L-network consisting of purely reactive elements may be used to
transform any complex impedance into any other complex imped­
ance. In general there are four possible networks, but in some situa­
tions there are only two. This program accepts complex load and
source impedances in rectangular form and will output all possible
solutions, blinking zeros if a given topology is not suitable.

IMPEDANCE MATCHING EE 2-16A

~ XL+RL XS+RS ~ ~

For each network there are two sets of reactances (X1 , X2 ) that will
transform Zl into Zs *. These are given by

By reversing the subscripts Sand L in these two equations, we get
the two sets of reactances for the second network.
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Example:

It has been determined that a source impedance of 9 +j 19 ohms is
necessary to derive maximum gain from a particular transistor.
Compute networks to transform 50 + jO ohms to the 9 - j 19 ohm
transistor input impedance.

-j38.21rr(:0

500tL_3 ---. -9+j19

jO.21

500 O_-J_2_~_4_3 ____<: -9+j19

Keystrokes:

19 [!] 9 II 0 [!] 50mm--------l.~ flashing zeros
indicates that
no solutions of
this type are
possible

11---------------...·23.43

ID • -38.21

II • -23.43

ID • 0.21
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UNILATERAL DESIGN: FIGURE OF MERIT,
MAXIMUM UNILATERAL GAIN

M~~I!f,AJ~~t~u~Efi~~j&~~'tE8~IN EE 2-17A
~ ISijl+ij U G u Gmin,Gmax

When designing a transistor amplifier with the aid of s-parameters,
the often valid assumption that the reverse-transmission parameter
S12 may be neglected leads to simplified equations. A transistor for
which S12 is negligible is said to be a "unilateral device." The unilat­
eral figure of merit u may be used to determine the reasonableness
of the unilateral assumption:

I Sl1 S12 S21 S22 1
u = ------,-------,--

1(1-1 Sl1 12 )(1 -/ S22 /2)/

Clearly, the unilateral assumption is more nearly correct for u near
zero.

The maximum unilateral transducer power gain is given by

G = Power delivered to load
U Power available from source

1 S21 1 2
G=--------,------.,--

U 1(1 _ ISl1/ 2 )(1 _ 1S22 I 2)1

Using the unilateral figure of merit we can place limits on the actual
transducer power gain:

1
Gillin =Gu---

(1 + U)2

1
Gmax =Gu ---

(1 - U)2

This program computes u, Gu, Gillin and Gmax

f:- I
~ ..•. 'I

f,:- I

E I

E I

IS I

f: !

fi· It
1'--

~ ~

~ ~

~-- jI

~ ~

~~ ~1'-""

~- ~
ll..!!!l

~. ;;]1
l~

f=. ;(J
LL..'!!!!
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter u, Gu (EE2-17A) c=Jc=J
2 Input magnitudes of s-para- c=Jc=J

--
meters for i = 1,2; j = 1,2 c=Jc=J

Magnitude of parameter sij CDc=J 5ij

Designation of parameter ij ~c=J 5ij

or c=Jc=J
store ISij I by hand Sll @QJITJ

S12 @QJ[TI

S21 @QJD::J
S22 @QJCO

3 Compute unilateral figure of c=Jc=J
merit D::Jc=J u

4 Compute maximum unilateral c=Jc=J
gain ITJc=J Gu, dB

5 Compute limits on gain due to c=Jc=J
unilateral assumption. u:::Jc=J Gmin , dB

~c=J Gmax , dB

Example:

An HP35876E option 100 transistor operating at 4 GHz has the
the following s-parameters:

S= [.51 L154 .09 L26]
1.4 L22 .60 L-58

What is the unilateral figure of merit? (0.08)

What is the maximum unilateral transducer power gain? (6.17 dB)

What is the range of transducer gain due to the fact that SI 2, is not
zero? (5.49 dB < Gactual < 6.91 dB)
Keystrokes:

Enter u, Gu (EE2-17A)

.51 [I] 11 II .09 [I] 12 II 1.4 [I] 21 II .6 [I]

22I1m-------------i.~0.08

B • 6.17

m .5M
liD • 6.91
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where

from the origin.

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Runu, Gu (EE2-17A) CJCJ
or CJCJ
Store ISijl; ij = 11,21,22 by CJCJ
hand SII ~CTI

52,1 ~[.::D

S•• ~[TI

2 Enter G-CIRC (EE2-18A) c=Jc=J
3 Compute c=Jc=J

Transducer power gain with c=Jc:::J
R, = R. = Zo [A]c:::J Go,dB

then Power gain contribution CJCJ
from R, =s" . ~c:::J G1 max, dB

then Power gain contribution c=Jc:::J
from R. =s••. []!DCJ G. max, dB

then Transducer power gain []!DCJ GT,dB

4 Input desired gain (<;;G, max) CJCJ
compute locationt of center of CJCJ
gain circle G"dB [TICJ ro,

then compute radius of gain CJc=J
circle []K]CJ POI

5 Input desired gain (<;;G. max) CJCJ
and compute locationt of cen- CJCJ
ter of gain circle G.,dB CDCJ ro.

then compute radius of gain [=:JCJ
circle ~CJ Po.

CJCJ
tNote: These points are located CJCJ
at a distance rOi from the origin c:::Jc:::J
of the Smith chart in the dir- c:::Jc:::J
ection of 5ij *. c:::JCJ

C 'I
C- -I

C I

C Ir

C II_

c :I

C !

cr •III~
C :1

C ill!

~ ~[I

t r[l
IlIla!

t'- II7J
Ildi'

~~ ~
Wl~

~ Jill'
w II

~. IUJ'J:
Lll(~

EE 2-18A 6
ill

v'l - Gi (1 - I sii I 2)

1 + Gi I sii 1
2POi

1G2 max =----- =gain contribution from change of load
1 -I S22 12

impedance from Zo to S22 *

Sij* =complex conjugate of sij.

Power delivered to load
GT = transducer power gain = ----------­

Power available from source

Go =I S21 I 2 =transducer gain for Zo input and output
impedances

1G1max = =gain contribution from change of source
1 - I Sl1 1

2
impedance from Zo to Sl1 *

Note:

No intermediate calculations may be done while computing Gmax

UNILATERAL DESIGN: GAIN CIRCLES

The radius of the circle is

For source and load impedances other than Sll * and S22 *, G1 and
G2 are less than the maximum values given above. The loci of points
on a Smith chart representing values of source or load impedance
which yield values of G 1 or G2 less than G1max or G2max are
circles. The center of a constant gain circle is in the direction of su*
(i = 1,2) at a distance

For the unilateral circuit, transducer power gain is
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Draw 0 dB, .5 dB, and 1 dB constant gain circles on input and output
planes.

Example:

For the transistor described in the example for EE2-17A what are
Go, G Imax, and G2max? (2.92 dB, 1.31 dB, 1.94 dB6.17 dB)

EE2-18A 63

Input Plane

C :J

~ '-i
I lll,W

f! iJil
I Il"

t: 1111
L IU

L: I Ir
i I"

C I II

L I'

1­t=r·
C [':J
C~ i·~·

Ci­
Ci­
E J

output plane

r02 P02

.44 L58 .44

.48 L58 .38

.52 L58 .30

input plane

rOI POI

o dB .40 L-154 .40
.5 dB .44 L-154 .32
1 dB .48 L-154 .20

Keystrokes

.51ISTOI m1.4ISTOI@]·6IsTOI @]B----.~ 2.92

liD • 1.31

liD • 1.94

liD • 6.17

Om • .40

liD .~

.5m • .44

liD • .32
1m • .48

liD • 12

om • .44

liD • .44

.5m • .48

liD • .38

1m • .52

liD • .30
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UNILATERAL DESIGN: NOISE FIGURE CIRCLES

I r o I
r=---

I+N

-VN2 +N(1-1 r o 12
)

p = 1+ N

EE2-19A 65

Example:

An HP-21 transistor has an optimum (minimum) noise figure of 3.3
dB at 1000 MHz when the source reflection coefficient, r o = .22
LI70°, VeB =lOV, and Ie =3 rna. A 5.8 dB noise figure was
measured at an arbitrary source reflection coefficient rs = .5
L-43°. Find all possible reflection coefficients where the noise figure
is 3.5 dB, 4 dB, and 7 dB.

Input: Fs =5.8 dB

r s =.5 L-43°

Fo = 3.3 dB

r o = .22 L170°

F i = 3.5,4, and 7 dB

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter F-CIRC (EE2-1!1A) CJ[=:J
2 Input CJc=J

Minimum noise figure Fo• dB CDCJ Fo• dB

Angle of corresponding l==:Jl==:J
source reflection coefficient LI'o [TICJ LI'o

Magnitude of source reflec- [=:JCJ
tion coefficient Po [TI[=:J NFo

3 Input [=:Jl==:J
Measured noise figure Fs• dB CIJl==:J Fs. dB

Angle of corresponding [=:JCJ
source reflection coefficient LI'S CDCJ LI's

Magnitude of source reflec- [=:Jl==:J
tion coefficient Ps ITJCJ NFs

4 Input arbitrary noise figure and CJCJ
compute location * of noise CJCJ
figure circle and radius of noise l==:J[=:J
figure circle Fj.dB o::::JCJ r

[BKJCJ p

[=:J[=:J
"Note: This point is located at [=:J[=:J
a distance r from the origin of CJCJ
the Smith chart in the direction [=:J[=:J
of Po' [=:J[=:J

E .:1
II

E ~

C ~.

~ :(1

C III
IL

t= rt1
IL'"

~ li1l.
lL'"

t= ";;;;f

lUI
10

~... -

II__:JJ
Ie

t=. JI_J
LL:

~-= ILl
L~

~ -
t~

I_
I .

C ,
C ~

C ~.

EE2-19A

1 r s - r o 1
2

1 -I r s 12

UNILATERAL DESIGN:
NOISE FIGURE CIRCLES

~ Fo+eo+ro Fs+es+rs Fi+r.,P

NFi -NFo
N = -::-:::---:-::-

NFs -NFo

F

NF = 10 10 = noise factor

F =noise figure in dB

where

If r o is the source reflection coefficient for which the transistor's
noise figure is minimum (Fo) and r s is an arbitrary source reflection
coefficient for which the noise figure measures Fs, then the locus of
r i for which the noise figure is F i is a circle of radius p centered at
distance r from the origin at an angle Lro·

This program computes the location and radius of a circle on a Smith
chart which defines the values of source reflection coefficient which
will produce a noise figure F i·
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Output:

t­
~-

E

E

E

E

E

C

E

C

-­
I

I

!

~

~

~

~
(U

Iii
IL

-I II'
l iL

EE2-19A 67

Keystrokes:

Enter F-CIRC (EE2-19A)

3.3 IIJ 170 IIJ .22 B 5.81IJ 431cHSlIIJ .511
3.5ml------------~• .21
m • .194m • .19m • .357m • .10m .n
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where

where
C1 =Sl1-I':,. S22*

C1 * = complex conjugate of C1

C2 = S22 - I':,. Sl1 *

C2 *= complex conjugate of C2

B1 = 1+ I Sl1 I 2 - I S22 I 2 _ I I':,. I 2

B2 = 1 + I S22 I 2 - I Sl1 I 2 - I I':,. I 2

B1 = 1 + I Sl1 I 2 - I S22 I 2 -I I':,. I 2

r ms =C1 *

The third card of this series computes values of source and load
reflection coefficient required to conjugately match the transistor
using the equations

is negative and the minus sign is used when B1 is positive.

in which the plus sign is used when the quantity
t I",.I.'"

~ rill
II';;'

C .;:
Ill'"

E ~...
II

,;;,;,,:

E ~
11-111
Il-~

E ;:;
I~..-

E q
IIL-

E ;~
IlL"'

E IIIl
IIIL:"

! iO
\1!L'j

~
u;g
IIIC

~ ~
[Me

~ illi"!!
IU.""

~
.--~

I~I_I

11IlL"'

~- luJI
I~

o
EE 2-20A3 ~

o
:I:

EE 2-20A2 '8
;;:

~

EE 2-20A1 en
t

BILATERAL DESIGN:
OPTIMUM MATCHING

~ +rms,ems +rml,eml

BILATERAL DESIGN:
STABILITY FACTOR, MAXIMUM GAIN

g
~ +K +Gmax Gp+G

BILATERAL DESIGN: INPUT
S·PARAMETERS AND COMPUTEll.

~ eij+sij+ij COMPUTE

BILATERAL DESIGN: STABILITY FACTOR,
MAXIMUM GAIN, OPTIMUM MATCHING

and

Sij are s-parameters

I S
211 ( -~)Gmax =-- K±YK~-l

I S12 1

Sometimes S12 is not sufficiently small that it may be neglected in
transistor amplifier design. In this case it is necessary to compute a
stability factor K and use different design approaches depending on
its value. The stability factor is defined by the equation

For K < 1 the amplifier is potentially unstable and the designer must
choose input and output matching networks very carefully (see
STABILITY CIRCLE program (EE2-22A)). For K > 1 the amplifier is
unconditionally stable and this program may be used to compute the
maximum gain available and the load and source reflection coeffi­
cients which yield the maximum gain.

Maximum gain is computed using the relation



EE2-20A 71

(K = 1.03, Gmax = 12.8 dB, rms = 0.73 L135.44,

r ml = 0.95 L33.85, Zs = 9.08 +j 19.91, ZL = 15.02 +j 163.05)

... (-64.83)

• 1.03

• 12.81

• 0.73

• 135.44

• 0.95

• 33.85

..- 9.08

• 19.91

• 15.02

• 163.05

Example:

Design a maximum-gain amplifier using a transistor having the fol­
lowing s-parameters.

Enter z~r (EE2-04A)

50 11135.44 [I] .73 mil [!j IR+pl----.....

1imJ-----------....
33.85 [I] .95 mll[!jIR+pl------.....

1imJ---~---------.

SII =0.277 L-59°

S12 =0.078 L93.0°

S21 = 1.920 L64°

S22 =0.848 L_31°

Enter OPTMCH (EE2-20A3)

11------------.-

1imJ-------------.
11------------..,--.-
1imJ-------------.

Enter K GMAX (EE2-20A2)

11-----------.­

11-----------.-

Keystrokes:

Enter S-76 (EE2-20A1)

59 ICHSI [I] .277 [I] 111193 [I] .078 [I] 1211

64 [I] 1.92 [I] 2111311cHsi [I] .848 [I] 2211
II------------~

~-- I

E J

=- 11

~ I

~. ,
~ II

~ iIIJ'"

f I

f •Ill"
f 11

I~

~ jl

f .~

~ •II.':.
f fm

t=: ~IL::

70 EE2-20A

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter S-+L'> (EE2-20A1) CJc:J
f---~~-~

2 Input s-parameter matrix [=:J[=:J
[=:JCJ

-~

(ij = 11, 12,21,22)
--_._.._- --

Angie of desired s-parameter Lsij [IJC=:J
--

then Magnitude of desired [=:JC=:J
s-parameter I ISij I CCJCJ
"'~ 00;'"";0"oi,,~

--

CJ[=:J
-- ---------

s-parameter ij CTIC=:J ISijl

3 Compute determinant of S ICTICJ !...6.

4 Enter K, GMAX (EE2-20A21 [=:JC=:J
-

5 Compute stability factor c::::EJ[=:J K

6 Compute maximum gain * [I][=:J Gmax , dB

7 Compute G for Gp < Gmax Gp,dB CLlC=:J G,dB

8 Enter OPTMCH (EE2-20A3) [=:J[=:J
9 Compute c=J[=:J

Magnitude of source reflec- C=:JC=:J
tion coefficient ~ lo=J[==:J Ifmsl

then Angle of source reflection I [=:JCJ
coefficient ~CJ Oms

10 Compute CJC=:J
Magnitude of load reflection I CJCJ

I
COCJcoefficient I

trmtlI

then Angle of load reflection CJ[=:J
coefficient ~CJ °ml-

CJ[==:J
Note: Continued pressing of R/S [=:J[==:J
will result in exchanging rand [=:J[=:J
0. CJ[=:J

[=:J[=:J
"If K < 1, this step will cause eJCJ

flashing zeroes. Press liD and j[=:JeJ
--

continue with step 7. CJCJ



BILATERAL DESIGN: GAIN CIRCLES

r02 = [ I +~2GJC2*

If it is desired to build an amplifier having gain less than the maxi­
mum possible for the transistor to be used, a gain circle is con­
structed. This circle shows all possible loads for the output that yield
the desired power gain. When a load on this gain circle is selected, the
load and source mapping program (EE2-23A) may be used to com­
pute the new source reflection coefficient required.

This program computes the center

.078 L93J

.848 L-31[

.277 L-59
S=

1.92 L64

r02 = .781 L33.85 P02 = .214

EE2-21A 73

Keystrokes:

Enter S-+f::, (EE2-20Al)

591cHSI [!] .277 [!] 11 II 93 [!] .078 [!] 12II
64 [!] 1.92 [!] 21 II 311cHSI [!] .848 [!] 22IIIB~ (-64.83)

Enter BG-CIRC (EE2-21A)

II 10Im-----------....781

1m .33.85

B • .214

Example:

A gain of 10 dB is desired from an amplifier using a transistor
whose s-parameter matrix is

Plot the 10 dB gain circle on a Smith chart.

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Run S-+t. (EE2-20A1) c=Jc=J
2 Enter BG-CIRC (EE2-21A) c=JCJ
3 Begin computation ITJc=J ICz *1

4 Key in desired total amplifier c=Jc=J
gain and compute c=Jc=J
Distance to center of constant c=Jc=J
gain circle Gp,dB ~c=J ro

Angle to center of constant c=Jc=J
gain circle ~c=J 00

Radius of constant gain circle c:::::LJc=J Po

~ -Wi:
1.-:

E ...
tl:o:

E ;;
IL"',

g ~

t itI
lL~

E' ;;;
!L"

E rlt
Il ..

t" ~I.,
I l.1l

e- I~.d
u.~

r ;-ij
LL'

f ril
Lft.,'

f iii
LL;

f 1.'1

u:

f I. £
LI,

EE 2-21ABILATERAL DESIGN:
GAIN CIRCLES

~ Gp+r,e +Po

GpG=-
Go

Gp = desired gain

Go = maximum transducer gain

C2 =S22 - 811 *
D2 = I S22 I 2 - I f::, I 2

f::, =S22 Sl1 - S21 S22

where

and radius

72 EE2-21A
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where
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.045 L90 J

.89 L-26.5[

.385 L-55

S=
2.7 L78

rS2 = 1.18 L29_88, PS2 = 0.19)

EE2-22A 77

(K = .91, rS1 = -8.37 L122.4, PsI = -9.27

Example:

Construct stability circles for a transistor having the following
s-matrix.

Keystrokes:

Enter S-+/;,. (EE2-20Al)

551cHSI [I] .385 [I] 111190 [I] .045 [I] 1211

78 [I] 2.7 21 II 26.5ICHSJ[I].89 [I] 221111-. (65.4)

Enter STAB (EEl-22A)

II • -8.37

liD • 122.4

III • -9.27

B • 1.18

liD • 29.88

II • 0.19

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Run S->L'. (EE2-20A 1) CJCJ
2 Enter STAB (EE2-22A) CJc::::J
3 Compute distance of center of CJCJ

stability circle on input plane, CDCJ r51

then Compute its direction, ~CJ LrSl

then Compute the radius of the CJCJ
stability circle C::OCJ Psi

4 Compute distance of center of CJCJ
stability circle on output plane, [TICJ rs2

then Compute its direction, ~CJ LrS2

then Compute the radius of the CJCJ
stability circle u=JCJ PS2

~ .... I' -.';_~

~ I

~ Ii ~

f ~(~_ ..

f !

f ~1lI!.

f :iI

f illI
ll.@

f ill;
Ltl!!

f u.
w=.

f ttiws;:

I
1::... 111

~i·
~··iS

t:. I

EE 2-22A ~

.Po

BILATERAL DESIGN:
STABILITY CIRCLES

C·*1

where

PSI = radius of stability circle on input plane

PS2 = radius of stability circle on output plane

I S12 S21 I
Psi:::------:­

I Sjj I 2 _ I /;,. I 2

rS1 = location of center of stability circle on input plane

rS2 = location of center of stability circle on output plane

C1 =Sl1 -/;,.S22*

C2 = S22 - /;,. Sl1 *
/;,. = Sl1 S22 - S21 S12

BILATERAL DESIGN: STABILITY CIRCLES

rsi=------
I SiiI 2 -1/;,.1 2

The radii of the stability circles are:

For the potentially unstable amplifier (stability factor K < 1), it is
necessary to avoid values of source and load reflection coefficients
which could cause oscillations. The boundaries between stable and
unstable regions are circles on the input and output planes.

The centers of the stability circles are located at:



78 EE2-22A



80 EE2-23A EE2-23A 81

LOAD AND SOURCE MAPPING

When a two-port network is terminated in a load having reflection
coefficient f L the source reflection coefficient for a conjugate input
match becomes

Similarly, when the source reflection coefficient of a two-port net­
work is f s , the output reflection coefficient for a conjugate output
match becomes

.078 L93J

.848 L-31
[

,277 L-59

S=
1.92 L64

Enter K, GMAX (EE2-20A2)

II .. 1.03

II .. 12.81

Enter MAP (EE2-23A)

33.85 ill .56711 &83 .. 0.276

liD .. 93.330

Keystrokes:

Enter S-* 161 2 (EE2-20Al)

591cHSI ill .277 ill 11 II 93 ill .078 ill 12 II
64 ill 1.92 ill 21 II 311cHSlill848 ill 2211II~ -64.83

we have determined that the output stability circle is located at
rS2 =1.18 L29.88 and that its 10 dB gain circle is located at
r02 = .781 L33.85 with a radius of P02 = .214. If we pick a load
reflection coefficient of (I r02 1 - P02) Lr02 = .567 L33.85, what
source reflection coefficient is required? (.276 L93.3)

Example:

For the transistor whose s-parameter matrix is

INSTRUCTIONS INPUT KEYS OUTPUT
STEP DATA/UNITS DATA/UNITS

reflection coefficient II'LI [TICJ II'm,1

then Calculate angle of source CJc::J
reflection coefficient ~CJ Lrm,

6 Input angle of source reflection CJCJ
coefficient Lrs [I]CJ LI's

then Input magnitude of source iCJCJ
reflection coefficient and cal- CJCJ
culate magnitude of load reflec- ICJCJ
tion coefficient II'sl iLDCJ II'md

then Calculate angle of load CJCJ
reflection coefficient ,~CJ Lrml

t ~t\I' :

E [:I

C ~
Ilriil

e i~
"L\;;,

E ;1
lllDi,

~
r~[J
\lL .'

e I~
lit.

E ii'
l[t~

~ ~,lli'"

C- I~
llri..

ff il
Ill',

~ 1"1
U~

e- II
LfeI,

[ l~
L1~,

E ~··iI
ur,

E
rf~

LI'uo!!

EE 2-23A ;:
»..,

LOAD AND SOURCE MAPPING

~ rL+s11 r S+s22

fml=

f ms =

This program accepts f L or f s and computes the corresponding
source or load reflection coefficient. A typical use is to determine
which area defined by a stability circle is the stable or unstable
region (for stable operation, f L must be such that Ifms 1<1 and
f s must be such that 1f ml 1< n.
STEP INSTRUCTIONS INPUT KEYS OUTPUT

DATA/UNITS DATA/UNITS

1 Run S"'l:l (EE2-20A1) CJCJ
2 Run K, GMAX (EE2-20A2) CJCJ
3 Enter MAP (EE2-23Al CJCJ
4 To calculate load reflection c::Jc::J

coefficient, go to step 6 CJCJ
5 Input angle of load reflection CJCJ

coefficient LrL [I]CJ LI'L

then Input magnitude of load c::JCJ
reflection coefficient and cal- CJCJ
culate magnitude of source CJCJ
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f(xo) - - - - - - - -

where

2

25

10

2

1.3

0.27253

3

1.2

o

0.30119

-5

x

Y

x

f(x)

2.

Keystrokes:

10 3 III 10Ii 5 ICHSI 0 1 0 25 m1.7 D ---l.. 2.94

91J .. 2!.29

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter interp. (EE 2·24A) c=Jc=J
2 For linear interpolation Xl c:::IJC=:J
3 f(x, ) c:::IJc=J
4 X2 [TIc=J
5 f(x2 ) ITJCJ
6 Xo CDc=J f(xo)

(For a new value of Xo. go to 6.) c=Jc=J
7 For Largrangian interpolation Xo [TIc=J
8 Xl [TIc=J
9 X2 ITJc=J
10 Yo [I]c=J
11 YI c=£:Jc=J
12 Y2 LDc=J
13 X [I]c=J Y

(For a new x. go to 13.) c=Jc=J

Keystrokes:

1.20.3011001.30.27253 B 1.27 II ----i..~.28113

1.29 II .. .27540

-Examples:

1.

~.. r-ll
II'!"

~. 'IIlie'"

~. ~
11Ie"'"

~ ~~
IlL...

~. ..;ijj)
111e--

t¥ i~

~ ~
IU...

~
;~
II!""

f 101
Ullc'"'

f I[J
IU"

f~ ~
III""

r i~
IlL!'"

r ~
Ull!

f- IIIJii
lIlJ~

f iLli
liD':

f ''--'·.IJIJI
1M

y

rtxJ ----------------

2

Li(x) = II
i=O
i*i

o

2

P2(X) = L: LiCx) Yi
i=O

(X2 - xo) f(Xl) + (xo - Xl) f(x2)
f(xo) == ---------­

X2 - Xl

Lagrangian Interpolation

This program also evaluates for interpolation argument X the
Lagrangian interpolating polynomial P2(X) of degree two passing
through the points (xo, Yo), (Xl, Yl), (X2' Y2)'

Linear Interpolation

If f(x) is a function of x and Xl < Xo < X2, f(xo) can be approxi­
mated by

LINEAR AND LAGRANGIAN INTERPOLATIONS



~J S

S-+Z

Z = Zo T'
T'

Y=­
Zo

S-+Y

G
l OJ [-1T=S T=-S T= S T=° -1 . °

preconditioning
operation

postconditioning
operation

conversion desired

conversion desired
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conversion desired

postconditioning operation

conversion desired Y-+S Z-+S

preconditioning operation T=ZoY
Z

T=-
Zo

conversion desired G-+S H-+S

After the T 'matrix has been computed, the following postcondition­
ing operations must be performed:

conversion desired

preconditioning operation T =

postconditioning operation

The other preconditioning card accepts Y, Z, G, or H and generates
T by one of these operations:

To generate the T matrix, two preconditioning cards are provided.
The first of these accepts S and generates T as follows:

I
ei~
~.....~

I
~i~

fTfI

f· .',~

I
f. i~
~ .~

f L"Ifi·lI
t- ill
Fj:ll
r r3

F!~
I'~

[~ '1'

-T
12 J-I

I+T ll

S to Y,Z,G,H: INPUT • EE 2 25A1 en
S-PARAMETERS AND PRECONDITION - 1.

~ ejj+sjj+ij S to Y S to Z S to G S to H .!

Y,Z,G,H to S: INPUT EE 2 25A2 t
Y,Z,G, OR H AND PRECONDITION - en

I;;;J e..+M..+ij Y to S Z to S G to S H to S .2;
~IJIJ ZO Zo Zo Zo -

S to Y, Z, G, H EE 2-25A5 III
POSTCONDITION ..

I;;;J Zo ij+Yij ij+zjj ij+gjj ij+hjj
"0

~ c:
.:;

Y, Z, G, H to S EE 2-25A6 t
POSTCONDITION III

I;;;J Y to S Z to S G to S H to S ij+sjj
"0

~
c:
.:;

COMPUTE T' - CARD 1 EE 2-25A3 -tI;;;J START .:.
~

COMPUTE T' - CARD 2 EE 2-25A4 -t
I;;;J START
~ '"

PARAMETER CONVERSION: S:V, Z, G, H

2

T' = (I + T)-l (I - T)

84 EE2-25A

which is programmed on two magnetic cards.

Two-port s-parameters may be converted to and from any ofY-, Z-,
G-, or H-parameters using a single matrix equation. Appropriate pre­
and postconditioning operations must be performed depending on
which conversion is desired. The basic transformation is
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Preconditioning operation

for converting from s-parameters

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter 5->(lN) (EE2-25A1) [=:J[=:J
2 Input s-parameters for i =1,2; [=:J[=:J

j =1, 2 [=:J[=:J
Angle of parameter Ojj, deg [TIc=J
Magnitude of parameter Mij [TIc=J
Designation of parameter ij ITJ[=:J Mjj

3 Precondition as appropriate c=J[=:J
5->Y CiJc=J
5->Z CLlc=J -1

5->G CLJc=J -1

5->H [TI[=:J -1

Preconditioning operation

for converting to s-parameters

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter ->5 (IN) (EE2-25A2) [=:J[=:J
2 Input Y-, Z-, G-, or H-para- [=:Jc:=J

meters for i = 1, 2; j = 1, 2. [=:J[=:J
Angle of parameter 0ij, deg [TIc=J
Magnitude of parameter Mij C!:Jc=J
Designation of parameter ij ITJ[=:J Mij

3 Input characteristic impedance [=:J[=:J
and precondition as appropriate [=:Jc=J

Y->T Zo, n* CiJ[=:J Zo

Z->T zo,n* ITJ[=:J l/Zo

G->T zo,n* CLJ[=:J Zo

H->T zo,n* CLJ[=:J l/Zo

4 Run T'-1, and T'-2, and ->5 [=:Jc=J
(OUT) (EE2-25A3, 4, and 6) [=:Jc=J

[=:J[=:J
* (Use Zo = 1 if normalized [=:J[=:J
s-parameters are desired). [=:J[=:J

E:. i­
E i­
E iJi
Ei- IJ

E !.
I

E Ie.
E:-I.

ET!.
~[.
~ I"
~ [11
~i·
E\11
Ej'
E- --:-21,
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Matrix transformation

INSTRUCTIONS INPUT KEYS OUTPUT
STEP DATA/UNITS DATA/UNITS

1 Run 5-> (IN) or ->5 (IN) [=:J[=:J
(EE2-25A1 or 2) [=:Jc:=J

2 Enter T'-l (EE2-25A3) [=:JCJ
3 Begin computation of T' ~c=J

4 Enter T'-2 (EE2-25A4) [=:Jc=J
5 Complete computation of T' ~[=:J

6 Run 5-> (OUT) or ->5 (OUT) c:J[=:J
(EE2-25A5 or 6) c:Jc=J

Postconditioning operation

for converting from s-parameters

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Run 5-> (IN) (EE2·25A1) [=:J[=:J
2 Run T'·l and T'·2 (EE2·25A3 [=:Jc:=J

and 4) [=:JCJ
3 Enter 5-> (OUT) (EE2·25A5) c:Jc=J
4 Input characteristic impedance Zo,n* ITJCJ zo,n

5 Display parameters as appropri· [=:JCJ
ate for i = 1, 2; j = 1, 2. c:J[=:J

5->Y ij D::Jc=J IYijl

[M]c=J LYij

5->Z ij COc:J IZijl

~[=:J Lzij

5->G ij c::R:J[=:J jgijl

~c=J Lgij

5->H ij o::Jc:J Ihijl

~[=:J Lhij

[=:J[=:J
* (Zo = 1 if normalized [=:J[=:J
s·parameters were used) c:=J[=:J



Example 1:

The s-parameter matrix of a 2N3571 transistor is

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Run ...S (IN) (EE2-25A2) CJCJ
2 Run T'-1 and T'-2 (EE2-25A3 CJCJ

and 4) CJCJ
3 Enter"'S (OUT) (EE2-25A6) c=Jc=J
4 Postcondition as apPropriate CJCJ

y...S [TICJ
Z"'S CUr=]
G"'S o=Jc=J
H"'S ~CJ

5 Display s-parameters for i =1,2; CJCJ
j =1, 2. CJCJ

Parameter designation ij C::::UCJ Slj

[BlUc=J Oij

88 EE2-25A

Postconditioning operation
for converting to s-parameters

[

0.62 L-44.0
S=

9.0 L130

What is the h-parameter matrix?

( [

119 L-53.9

H = 14.2 L-85.7

0.0115 L75.0J

0.955 L-6.0

0.02 L39.3l )
0.002 L21.2J

II
'~if~:
I~ ii~i

I~ t'll
E j"
Ei­
Jif­
EI
~ •U"',

E :I

~- ·it

E g
~.. g

~ ~-
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Keystrokes:

Enter: S-+(IN) (EE2-25Al)

441cHS10.62 011 D 750 .01150

12 D 130 09021 D 61cHSI 0 .955
022 D II
Enter T' - 1 (EE2-25A3)

D
Enter T' - 2 (EE2-25A4)

D
Enter S-+(OUT) (EE2-25A5)

50D------ -I.... 50

1111 .. 119.08

m .. -53.88
1211 .. 0.02
m------__-...... 39.26
21 II .. 14.19

m .. -85.74
2211 .. 0.002

m .. 21.173
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter S--> (IN) (EE2-25A1) CJCJ
2 Input s-parameters for i = 1, 2: CJCJ

j = 1,2. CJCJ
Angle of Darameter 0ij, deg CLJc::::::J Ojj

Magnitude of parameter Mij CDCJ Mjj

Designation of parameter ij CTICJ Mjj

3 Enter S-->T (EE2-26A1) c::::::JCJ
4 Begin computation u::Jc::::::J
5 Compute CJc::::::J

Magnitude of til c::uc::::::J It11 1

Angle of til ~CJ Lt11

Magnitude of tl 2 [B1§]CJ Itl 21

Angle of t 12 [M]c::::::J Ltl2

6 Compute CJc::::::J
Magnitude of t2 1 CUCJ It 2 tl

Angle of t21 [M]CJ Lt21

Magnitude of t22 ~CJ It22 1

Angle of t22 [M]CJ Lt22

or CJCJ
1 Store s-parameters as shown CJCJ

and continue with step 3 above lSI II [iiQ]CLJ
IS121 [§iQJCLJ
IS2tl [iiQ]CLJ
IS221 @2Jc::IJ
LSll @2JITJ
Ls l2 @QJ[I]
Ls21 [I@Jo::J
Ls22 [I@JCI]

•1.

~ -
~ -
f -
F 'I

EE 2-26A2 -i
+
CIl

EE 2-26A1 CIl

+
-i

t 12 t 11 t22 - t 12 t21

['U '''J
t22 t22

821 S22 1 t21

t22 t22

Sl1 S22 - S12 S21 Sl1

['U ,,,] S21 S21

=
t21 t22

S22 1

S21 S21

T 10 S PARAMETER CONVERSION

~ START 511,512 ~1,522

S to T PARAMETER CONVERSION

~ START 111,112121,122

PARAMETER CONVERSIONS: S:T

These two programs allow interconversion of scattering parameters
and transmission parameters using the following relationships.

The data is stored such that these programs are compatible with the
S-+(IN) program (EE2-25Al).
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 EnterS-+ (IN) (EE2'26A1) c=Jc=J
2 Input T-parameters for i = 1, 2; c=J[:=J

j = 1, 2. [:=Jc=J
Angle Ojj,deg ~c::=J Oij

Magnitude Mij COc::=J Mij

Designation ij CEJc=J Mjj

3 Enter T-+S (EE2-26A2) c::=Jc=J
4 Begin computation ITJc::=J
5 Compute c=Jc::=J

Magnitude of SII [TIc=J IS111

Angle of SII ~c=J Lsll

Magnitude of S12 ~c=J IS121

Angle of S12 []K]c::=J LS12

Magnitude of S21 r:::::£:Jc::=J Is2 d

Angle of sZI []K]c=J Ls21

Magnitude of Sz 2 ClliUc=J IS221

Angle of szz ClliUc=J Lszz

~. !.
~c !.
f I.
f I.
f t.
f i-
f .-:1

I.....--f';·

!iI[I
f 1::1

I
f ~tI
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Example:

Convert the following s-parameter matrix to T-parameters.

L·62L

-44
0.0115 L75J

S=
9L130 0.955 L-6

(T~ ~07 L9.18 0.07 L_17

J
)

0.11 L44 0.11 L-130

Keystrokes:

Enter S-+T (EE2-26Al)

.62IsTOI[I] .0115Is101~91s101@] .9551s101

[±]44 ICHSI ISTOI [§] 751s101~ 130 IS1010

630 ICHSI ISTO!~mB-------~" .07

liD • 9.18

liD .. .07

liD .. -174

B .. 0.11

liD .. 44

liD .. 0.11

liD • -130
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COMPLEX MATRIX OPERATIONS

COMPLEX MATRIX OPERATIONS EE 2-27A1 0
CARD 1

;:

~
0

PACK UNPACK
~

COMPLEX MATRIX OPERATIONS EE 2-27A2
0

CARD 2
;:

~
0

START
~ '"

These two cards will either multiply or add 2 x 2 complex matrices.
The matrix elements are packed such that magnitude and angle are
stored simultaneously in the same location. The user stores each
matrix element appropriately after the program packs it for him.
These programs are useful for adding Z- or Y-parameter matrices and
for multiplying T-parameter matrices.

The product of matrices A and B is formed as follows:

Note:

It is necessary that magnitudes not contain more than three digits
beyond the decimal point.

(C= I it

fE= :I

(E I

E I

E fl

E -I

E !

E :1

E ,iII

E iJ

E tJ

E ItI
l

E 'ilII
L

E ~

E ;;'1
uBlif

~. :4--
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter CMO-l (EE2-27Al) c=Jc=J
2 Pack left-hand matrix elements c::Jc::J

aij c::JCJ
Input angle of element Ojj, deg [IJCJ
then magnitude of element Mjj UJCJ
and store in appropriate register ~~

ij 11 12 I 21 22 CJCJ
I---

n 1 2 I 3 4 c=JCJ
3 Repeat step 2 for i = 1, 2; j = 1, CJCJ

2. c=JCJ
4a For multiplication c=JCJ

Input angle of element b'l 0", deg COc=J
Magnitude of element b

"
M" [EK]~

Input angle of element b '2 0 ,2 , deg CDCJ
Magnitude of element b '2 M '2 ~CJ

Input angle of element b21 021 • deg CDc=J
Magnitude of element b2 I M21 ~c=J

Input angle of element b22 022 , deg [I]c=J
Magnitude of element b22 M22 [E§]CJ

4b For addition (repeat for i = 1,2; c=Jc=J
j = 1, 2.) CJCJ
Input angle of element aij 0ij. deg [TICJ
then magnitude of element aU Mjj LLJc=J
and store in appropriate register CEQ]GJ

ij 11 12
1

21 22 CJCJ
n 5 6 7 8 c=JCJ

5 Enter CMO-2 (EE2-27A2) CJc=J
Compute answer matrix ~CJ Ic"l

~c=J Lcu

~CJ Icul

~CJ Leu

~CJ 1c,,1

[E[lc=J [e"

~CJ Ic,zl

~CJ Lc,z
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Keystrokes

Enter: CMO-1 (EE2-27A1)

381cHSI [I] 1.02a ISTOI ITJ 180 [I] .197 a ISTOI

~ISTOI @]38 [I] 1.02 a ISTOI [I] 14.71cHSI

[I].192 1imI,liD261.91CHsi [I] .203 liD 74.3

[I] .0612 liD 13004 ICHSI [I] 0422 liD mmJ 8 3

Enter CMO-2 (EE2-27 A2)

a---------------1~~ .203

liD ~ -55.393

liD .. .289

liD .. 57.097

liD ~ .090

liD ~ 131.826
r.Ir.!I_____________ 0
IIl6iiI ~ 047

liD ~ -91.513

.197 L180J x fi92 L-14.7°

1.02 L38° ~612 L74.3°

Example:

Multiply

jI.02 L-38°

L.197 L180°

fO.203 L-55.4°

~.090 L131.8°

0.289 L57.1 °l
0.470 L-91.5]

.203 L-261.91

0422 L-130A~ E "I

~ I

~ I

1;. II

~ "I

E
I

II

~ -I

~ ~-
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REGISTER ALLOCATION

R, R2 R3 R. Rs R. R7 R. Rg

MEL EE2-Q1A p, P2

MMEL EE2-Q2A Ps Pl P, P2 T2 PsP, PcP2 PSPl

U~P EE2-Q3A Shift Flag

z~r EE2-Q4A Zo IZ/Zol (J P cf> 11-rl.lzlZo+11

MS-1 EE2-0SA1 Zc Vr W h w/h

MS-2 EE2-QSA2 Zc Vr 27Tln10Alv. w h w/h

MS-3 EE2-QSA3 Zc vr O'c 27Tln10Alvr f w h w/h

TLC-1 EE2-Q6A1 Ro.IZJ v"LZo Used Ly R/L !2yll w'

TLC-2 EE2-Q6A2 Ro.lzol v"Lzo O'c L.Ly f.(O'o-O'c)/,Bo ,Bo 2,Bol.12yll 0'0

TLC-3 EE2-Q6A3 IZol LZo O'c L1 IZll L Zl 12y11 2{31

CUTOFF EE2-Q7A f a b Er

GUIDE EE2-QSA a b erVEr fc f Ag Vo v p

FREQ EE2-Q9A v f Y27T

SPECT EE2-10A MHz/em T T V

SPURS EE2-11A fmax fmin Nmax Mmax f, f. M N

FM LVL EE2-12A M 2: I n k+1 k

INDEX EE2-13A x, X- x f(x).f(x)-y Y f(X-) f(x,) # iter

V-FACT EE2-14A To Th 10jV/10

NET-F EE2-1SA nG, G, NF

MATCH EE2-16A Rl Xl Rs Xs Used Used Used

:II
CD
co

*....



u,Gu EE2-17A 5" 5,. 5., 5,. I5., I'/Gu u
G-CIRC EE2-18A 5" 5,. 5., 5,. denominator G; 15ul
F-CIRC EE2-19A Ifol Lfo NFo If 5 1 Lfs NFs NF; N
S~6- EE2-20A1 5" 5,. 5., 5•• 0" 0,.,16-1 0." 6- 0••

K,GMAX EE2-20A2 5" 5,. 5., 5•• 0" 16-1 L6- 0•• K
PTMCH EE2-20A3 5" 5,. 5., 5•• 0" 16-1 L6- 0•• C*

B:G-CIRC EE2-21A 5" 5,. 5" 5•• 0" 16-1 L6- 0•• G
STAB EE2-22A 5" 5,. 5., 5•• 0" 16-1 L6- 0..

MAP EE2-23A 5" 5,.,1 fl 5."Lf 5•• 0" 16-1 6- 0••

INTERP EE2-24A x"Xo y"x, X1,X2 Y. x (x.-x,)(x.-Xo) x
S~(IN) EE2-25A1 IT"I IT,.I IT.,I IT•• I L T" L T,. T., T••
~S(IN) EE2-25A2 IT"I IT,.I IT.,I IT•• I L T" L f,. T., T2•
T' -1 EE2-25A3 IT"I,I T'21 IT,.I IT2,I IT.21.1 T"I LT",LT•• L T,. T., T22 , T"
T'-2 EE2-25A4 IT,,'I IT,,'I IT.,' I IT.. ' I LT,,' L T,,' T.,' T.,'
S~(OUT) EE2-26A5 IT,,' I IT,,'I IT.,' I IT..' I L T,,' L T,,' T.,' T.,'
~S(OUT) EE2-25A6 IT,,'I IT,,'I IT.,'I IT22 ' I L T,,' L T,,' T.,' T.,'
S~T EE2·26A1 15,,1 15,.1 15.,1 15•• 1 L 5" L 5,. 5., 5••
T~S EE2-26A2 It,,1 It,.1 It.,1 It•• 1 L t" L t,. t., t..
CMO-1 EE2-27A1 a",a,.b., a,.,a,.b•• a."a••b., a21,a22b22 a"b" a"b'2 a.,b" a.,b,.
CMO-2 EE2-27A2 Lc" Lc,. Lc., Lc., Ic,,1 Ic,.1 Ic.,1 Ic.. 1

JJ
CD

<C

*....
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PROGRAM LISTINGS

Page

1. Mismatch Error limits .... . . . 102
2. Multiple Mismatch Error limits. . . . . 103
3. Smith Chart: Radially Scaled Parameters. . 104
4. Smith Chart: Impedance~Reflection Coefficient. . 105
5. Microstrip Calculations-I. . 106

Microstrip Calculations-2 . ., . 107
Microstrip Calculations-3 . . . . 108

6. Transmission line Calculations-I. . 109
Transmission Line Calculations-2. . 110
Transmission Line Calculations-3 . . 111

7. Cutoff Frequency in Coax . 112
8. Rectangular Waveguide Calculations . 113
9. Frequency Conversions . 114

10. Line and Pulse Spectrum Analysis. . 115
11. Spurious Responses . . 116
12. FM Sidevand Levels. . . . 117
13. Modulation Index for Specified Carrier Suppression . 118
14. Constant-Excess Noise Measurement . 119
15. Noise Figure of Cascaded Networks . 120
16. Impedance Matching ., . 121
17. Unilateral Design: Figure of merit, Maximum

Unilateral Gain . . . . 122
18. Unilateral Design: Gain Circles . . . . 123
19. Unilateral Design: Noise Figure Circles. . . 124
20. Bilateral Design: Input S-Parameters and

Compute Delta . . . 125
Bilateral Design: Stability Factor, Maximum Gain . 126
Bilateral Design: Optimum Matching. . 127

21. Bilateral Design: Gain Circles. . 128
22. Bilateral Design: Stability Circles. . . 129
23. Load and Source Mapping . 130
24. linear and Lagrangian Interpolation . 131
25. Input S-Parameters and Precondition . 132

Input Y, Z, G, or H and Precondition . 133
Compute T'-Card 1. ., . 134
Compute T'-Card 2 . ., . 135
Y, Z, G, Hc7S Postcondition. . 136
Sc7Y, Z, G, H Postcondition. . 137

26. Sc7T Parameter Conversion . . 138
Tc7S Parameter Conversion . . 139

27. Complex Matrix Operations-Card 1. . 140
Complex Matrix Operations-Card 2. . 141



MISMATCH ERROR LIMITS

EE2-Q2 103

KEYS CODE

RCL 7 3407
x 71
- 51

81
f 31
LOG 08
2 02
0 00
x 71
RTN 24
LBL 23
E 15
t 41
t 41
1 01
- 51
9 x~y 3507
1 01
+ 61

81
RTN 24
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501

KEYS CODE

STO 6 3306
- 51
RCL 2 3402
RCL4 3404
x 71
STO 7 3307
- 51
RCL8 3408
RCL 5 3405
x 71
- 51
RCL 6 3406
RCL 7 3407
x 71
+ 61

81
f 31
LOG 08
2 02
0 00
x 71
R/S 84
1 01
RCL8 3408
- 51
1 01
RCL 6 3406
+ 61
RCL7 3407
+ 61
RCL 8 3408
RCL 5 3405
x 71
+ 61
RCL 6 3406

MULTIPLE MISMATCH ERROR LIMITS

R1 PS R4 P2 R7 PL P2

R2 PL Rs T2 Rs Ps PL

R3 PI R6 Ps PI Rg

KEYS CODE

E 15
ST02 3302
gx~y 3507
E 15
STO 1 3301
RTN 24
LBL 23
B 12
E 15
ST04 3304
gx~y 3507
E 15
STO 3 3303
RTN 24
LBL 23
C 13
CHS 42
5 05

81
f- I 32
LOG 08
STO 5 3305
RTN 24
LBL 23
D 14
1 01
RCL1 3401
RCL2 3402
x 71
ST08 3308
+ 61
1 01
RCL1 3401
RCL 3 3403
x 71

~: I

~" I

f 11

f I

f !

f ~,;.

f !

f ~

f fI

f- :~

f iii
Ill.'

f- rflI~, .

f- ;;Ji
lui

[- :[1

f iii
'u.A

KEYS CODE
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501

KEYS CODE

x 71
RTN 24
LBL 23
D 14
1 01
RCL1 3401
RCL 2 3402
x 71

- 51
f 31
LOG 08
2 02

0 00
x 71
RTN 24
LBL 23
E 15
RCL1 3401
RCL 2 3402
x 71
f- I 32
SIN 04
RTN 24
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501

102 EE2-Q1A

KEYS CODE

LBL 23
A 11
t 41
t 41
1 01
- 51
gx~y 3507
1 01
+ 61

81
STO 1 3301
RTN 24
LBL 23
B 12
t 41
t 41
1 01
- 51
9 x~y 3507
1 01

+ 61
81

STO 2 3302
RTN 24
LBL 23
C 13
1 01
RCL1 3401
RCL 2 3402
x 71

+ 61
f 31
LOG 08
2 02
0 00



104 EE2-Q3A

SMITH CHART: IMPEDANCE:tREFLECTION
COEFFICIENT

R1 Zo R4 P R7

R2 IZ/Zol RS rp Rs
R3 e R6 11-n IZ/Zo+11 Rg

SMITH CHART: RADIALLY SCALED PARAMETERS

EE2-Q4A 105

KEYS CODE
0 00
x 71
CHS 42
RTN 24
LBL 23
2 02
1 01
9 x:ty 3507
1 01
0 00
CHS 42

81
f- 1 32
LOG 08
- 51
f 31
yfX 09
RTN 24
LBL 23
E 15
1 01
ST08 3308
9 R+ 3508
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
a NOP 3501

KEYS CODE
1 01
9 LST X 3500
- 51

81
RTN 24
LBL 23
C 13

9 35
DSZ 83
GTO 22
4 04

9 35
l/x 04
LBL 23
5 05
f 31
LOG 08
2 02
0 00
x 71
RTN 24
LBL 23
D 14

9 35
DSZ 83
GTO 22
2 02
1 01
9 x:ty 3507
t 41
x 71
- 51
f 31
LOG 08
1 01

R1 R4 R7

R2 Rs Rs Shift Flag

R3 R6 Rg

KEYS CODE
LBL 23
4 04
CHS 42
GTO 22
3 03
LBL 23
A 11

9 35
DSZ 83
GTO 22
3 03
GTO 22
5 05
LBL 23
3 03
2 02
0 00

81
f- 1 32
LOG 08
RTN 24
LBL 23
B 12
9 35
DSZ 83
GTO 22
1 01
9 35
l/x 04
CHS 42
LBL 23
1 01
1 01
9 x:ty 3507
+ 61

L
~ [11
f I-W

rl_
flel
r!_

Iflcll
Irill

f i~
r I~

r!.
I

[_...".
[~
~- I.
~-I"ct-

KEYS CODE
R-+P 01
STO 6 3306
9 R+ 3508
RCL 3 3403
RCL 2 3402
f- 1 32
R-+P 01
1 01
- 51
f 31
R-+P 01
RCL6 3406

81
ST04 3304
9 R+ 3508
- 51
CHS 42
STO 5 3305
RCL4 3404
LBL 23
9 09
R/S 84
9 x:ty 3507
GTO 22
9 09
LBL 23
D 14
f 31
R-+P 01
g LST X 3500

KEYS CODE
STO 2 3302
9 R+ 3508
- 51
CHS 42
ST03 3303
RCL 2 3402
RCL 1 3401
x 71
GTO 22
9 09
LBL 23
A 11
STO 1 3301
RTN 24
LBL 23
C 13
0 00
9 x=y 3523
GTO 22
2 02
9 R+ 3508
ST04 3304
9 R+ 3508
ST05 3305
0 00
RTN 24
LBL 23
2 02
RCL3 3403
RCL 2 3402
f- 1 32
R-+P 01
1 01
+ 61
f 31

KEYS CODE
0 00
9 x=y 3523
GTO 22
1 01
9 R+ 3508
RCL 1 3401
-.- 81
STO 2 3302
9 R+ 3508
STO 3 3303
0 00
RTN 24
LBL 23
1 01
RCL 5 3405
RCL4 3404
CHS 42
f- 1 32
R-+P 01
1 01
+ 61
f 31
R-+P 01
STO 6 3306
9 R+ 3508
RCL5 3405
RCL4 3404
f- 1 32
R-+P 01
1 01
+ 61
f 31
R-+P 01
RCL 6 3406

81



EE2-QSA2 107

S-CARD2

KEYS CODE
. 83
4 04
4 04
+ 61
RCL8 3408
f- 1 32
VX 09

81
1 01
+ 61
RCL4 3404
x 71
RCL1 3401
x 71
RCL 2 3402
f- 1 32
VX 09

81
3 03
6 06
0 00
9 35
1T 02
x 71

81
LBL 23
2 02
ST04 3304
R/S 84
9 NOP 3501

KEYS CODE
RCL8 3408
f- 1 32
VX 09

81
1 01
- 51
RCL4 3404
x 71
RCL1 3401
RCL2 3402

81
6 06
0 00

81
r 1 32
LN 07
RCL1 3401
x 71

81
5 05
x 71
GTO 22
2 02
LBL 23
1 01
1 01
RCL8 3408
9 35
l/x 04
- 51
5 05
9 35
yx 05
6 06
x 71

MICROSTRIP CALCULATION

KEYS CODE
LBL 23
A 11
f- 1 32
SF2 71
RCL 7 3407
2 02
x 71
gx~y 3507

81
RCL8 3408
9 35
1T 02
2 02
x 71
x 71
x 71
gx>y 3524
gx~y 3507
9 NOP 3501
f 31
LN 07
9 35
1T 02

81
RCL8 3408
+ 61
1 01
+ 61
ST04 3304
f- 1 32
TF1 61
GTO 22
1 01
3 03
2 02

~••••. {I

[ -I

KEYS CODE

9 35
1T 02
x 71
gx~y 3507

81
GTO 22
2 02
LBL 23
1 01
8 08
RCL 8 3408

81
9 LST X 3500
4 04

81
+ 61
f 31
LN 07
LBL 23
2 02
6 06
0 00
x 71
x 71
STO 1 3301
gx~y 3507
R/S 84
gx~y 3507
R/S 84
9 NOP 3501

KEYS CODE

81
+ 61
2 02

81
f 31
VX 09
9 35
l/x 04
ST02 3302
f 31
TF1 61
GTO 22
1 01
1 01
RCL8 3408
9 35
l/x 04
- 51
6 06
9 35
yx 05

83
4 04
4 04
RCL8 3408

81
- 51
2 02. 83
4 04
2 02
+ 61
RCL8 3408
+ 61
2 02

MICROSTRIP CALCULATIONS - CARD 1

106 EE2~SA1

KEYS CODE

LBL 23
A 11
f 31
SF1 51
f 31
SF2 71
ST06 3306
R/S 84
LBL 23
B 12
ST07 3307
RCL 6 3406
9 x>y 3524
f- 1 32
SF1 51
gx~y 3507

81
ST08 3308
R/S 84
LBL 23
C 13
1 01
9 x~y 3507
+ I 61
9 LST X 3500
1 01
- 51
1 01
0 00
RCL 8 3408

81
1 01
+ 61
f 31
VX 09

R1 Zc R4 R7 h

R2 vr Rs Rs w/h

R3 RS w Rg

Rs w/h

Rg



MICROSTRIP CALCULATIONS - CARD 3

R1 Zc R4 21Tln 10 A/v r R7 h

R2 vr Rs f Ra w/h

R3 /XC R6 W Rg

TRANSMISSION LINE CALCULATIONS-CARD 1

R1 Ro, IZo 1 R4 L'Y R7 21/cvr , 12"111
R2 Vr , LZo RS R/L Ra Iw
R3 Used R6 Rg

EE2-Q6A1 109

KEYS CODE
- 51
ST02 3302
RCL 5 3405
RCL 3 3403

81
STO 33
x 71
1 01
RCL5 3405
RCL3 3403
x 71
STO 33
x 71
7 07
R/S 84
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
R/S 84
LBL 23
E 15
RCL 1 3401
x 71
STO 33
x 71
3 03
RCL 8 3408
RCL 5 3405
f 31
R-+P 01
f 31
y'X 09
STO 5 3305
gx~y 3507
2 02

81
ST06 3306
RCL8 3408
RCL 3 3403
f 31
R-+P 01
f 31
y'X 09
STO 3 3303
gx~y 3507
2 02

81
ST08 3308
RCL 6 3406
+ 61
ST04 3304
RCL 6 3406
RCL8 3408

KEYS CODE
EEX 43
1 01
0 00

81
2 02
x 71
9 35
1T 02
x 71
ST08 3308
R/S 84
LBL 23
B 12
STO 1 3301
gx~y 3507
ST02 3302
R/S 84
LBL 23
C 13
2 02
x 71
3 03
RCL 2 3402
x 71
ST03 3303

81
STO 7 3307
R/S 84
LBL 23
D 14
RCL3 3403
x 71
RCL 1 3401

81
STO 5 3305

1­
~. I'll
~. [11
fIll
fi­
f·.

Ir······.
F!"

IFill
r rll
f· .. -

r I'll

r I.
~.•~
[~

KEYS CODE
GTO 22
2 02
LBL 23
E 15
RCL5 3405
3 03

81
RCL2 3402
-.- 81
RCL3 3403

81
2 02
x 71
9 35
1T 02
x 71
1 01
0 00
f 31
LN 07

81
R/S 84
LBL 23
2 02
R/S 84
GTO 22
2 02
gNOP 3501
gNOP 3501
gNOP 3501

KEYS CODE
LBL 23
B 12
EEX 43
9 09

81
RCL 5 3405
gx~y 3507

81
9 LST X 3500
ST05 3305
gx~y 3507
f 31
y'X 09
STO 33

81
3 03
LBL 23
C 13
RCL3 3403
R/S 84
GTO 22
2 02
LBL 23
D 14
1 01
0 00
f 31
LN 07
9 LST X 3500

81
RCL 1 3401
x 71
RCL3 3403
x 71
R/S 84

108 EE2-QSA3

KEYS CODE
LBL 23
A 11
1 01
STO 5 3305
gx~y 3507
f 31
y'X 09
f- 1 32
TF2 81
GTO 22
1 01
4 04
0 00

9 35
1T 02
x 71
RCL 1 3401

81
RCL8 3408

81
ST04 3304
9 R-!- 3508
LBL 23
1 01
RCL4 3404
x 71
RCL 7 3407
1 01
0 00
f 31
LN 07
x 71

81
ST03 3303
R/S 84



EE2-06A3 111

KEYS CODE
f- 1

32
R.....P 01
1 01
+ 61
f 31
R.....P 01
RCL 1 34 01
x 71
9 x;t.-y 35 07
RCL 2 34 02
+ 61
LBL 23
1 01
9 x;t.-y 35 07
R/S 84
GTO 22
1 01
gNOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
gNOP 35 01
9 NOP 35 01
gNOP 35 01
9 NOP 35 01
gNOP 35 01

KEYS CODE
l/x 04
2 02
CHS 42
x 71
9 x;t.-y 3507
CHS 42
9 x;t.-y 35 07
f- 1 32
R.....P 01
1 01
+ 61
f 31
R.....P 01
RCL 7 34 07
x 71
9 35
l/x 04
9 x;t.-y 35 07
RCL8 34 08
- 51
CHS 42
9 x;t.-y 35 07
f- 1

32
R.....P 01
1 01
- 51
f 31
R.....P 01
9 35
l/x 04
2 02
x 71
9 x;t.-y 35 07
CHS 42
9 x;t.-y 35 07

TRANSMISSION LINE CALCULATIONS - CARD 3

KEYS CODE

LBL 23
A 11
ST05 33 05
9 x;t.-y 35 07
ST06 33 06
RCL4 34 04
RCL 7 34 07
f- 1 32
R.....P 01
CHS 42
r 1 32
LN 07
ST07 3307
gx;t.-y 35 07
1 01
8 08
a 00
x 71
9 35
1T 02

81
ST08 33 08
RCL6 34 06
RCL2 34 02
- 51
RCL5 34 05
RCL1 34 01

81
f- 1

32
R.....P 01
1 01
+ 61
f 31
R.....P 01
9 35

ttl

[ .... - ...~

I
f'~

I.rr
E i~'8

[ti

KEYS CODE

x 71
1 01
9 x;t.-y 35 07
ST02 33 02
RCL 5 34 05
f- 1 32
yx 09
2 02

81
1 01
+ 61
RCL3 34 03
RCL 8 34 08
+ 61
f 31
R.....P 01
STO 33
x 71
7 07
9 x;t.-y 35 07
ST04 33 04
R/S 84
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01
9 NOP 35 01

1<1 NOP 35 01

KEYS CODE

ST08 33 08
1 01
a 00
f 31
LN 07
2 02
a 00

81
RCL6 34 06

81
STO 33
x 71
3 03
STO 33
x 71
8 08
RCL8 34 08
RCL3 34 03
- 51
t 41
STO 5 33 05
RCL 8 34 08
3 03
x 71
RCL3 34 03
+ 61
x 71
2 02

81
CHS 42
1 01
+ 61
f 31
R.....P 01
STO 33

TRANSMISSION LINE CALCULATIONS - CARD 2

110 EE2-Q6A2

KEYS CODE

EEX 43
9 09

81
ST05 33 05
R/S 84
LBL 23
B 12
STO 1 33 01
9 x;t.-y 35 07
ST02 33 02
R/S 84
LBL 23
C 13
RCL 2 34 02
RCL5 34 05

9 35
1T 02
x 71
1 01
5 05

81
9 x;t.-y 35 07

81
STO 6 33 06
x 71
2 02
x 71
STO 7 33 07
R/S 84
LBL 23
D 14
STO 3 33 03
R/S 84
LBL 23
E 15

R1 Ro,IZol R4 I,Lr R7 2130 I, 12rll

R2 Vr , LZo Rs f, k\:o - etc)/l3o Ra etD

R3 etc R6 130 Rg

R1 IZol R4 Lr R7 12r l l
R2 LZo Rs IZLI Ra 2131
R3 etc R6 LZL Rg



CUTOFF FREQUENCY IN COAX RECTANGULAR WAVEGUIDE CALCULATIONS

112 EE2-Q7A

KEYS CODE

LBL 23
E 15
3 03
EEX 43
1 01
0 00

9 35
1T 02

81
RTN 24
LBL 23
A 11
STO 1 3301
0 00
gx=f-V 3521
0 00
RTN 24
E 15
RCL 2 3402
RCL3 3403

+ 61
81

RCL 4 3404
f 31

VX 09
81

RTN 24
3 03
EEX 43
1 01
0 00

81

9 35
l/x 04
R/S 84

KEYS CODE

LBL 23
B 12
ST02 3302
0 00
gx=f-v 3521
0 00
RTN 24
E 15
RCL 1 3401

81
RCL4 3404
f 31

VX 09
81

RCL 3 3403
- 51
RTN 24
LBL 23
C 13
STO 3 3303
0 00
gx=f-V 3521
0 00
RTN 24
E 15
RCL1 3401

81
RCL4 3404
f 31

VX 09
81

RCL2 3402
- 51
RTN 24
LBL 23

KEYS CODE

D 14
STO 4 3304
0 00
gx=f-V 3521
0 00
RTN 24
E 15
RCL 2 3402
RCL3 3403
+ 61

81
RCL 1 3401

81
r 1 32

VX 09
RTN 24
9 NOP 3501
9 NOP 3501

9 NOP 3501

9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

9 NOP 3501

9 NOP 3501

9 NOP 3501

9 NOP 3501

9 NOP 3501

9 NOP 3501

9 NOP 3501

I
f-r~

f~r·~

Eill
~IJI

f •I ,

e- -
g -
~ -
~ 11L'

~,

'!I'
L:

KEYS CODE

ST03 3303
9 R-I- 3508
ST02 3302
9 R-I- 3508
STO 1 3301
RCL3 3403
f 31
Vi 09
2 02
9 09
9 09
7 07
9 09
2 02
5 05
EEX 43
4 04
gx~V 3507

81
ST03 3303
R/S 84
LBL 23
B 12
RCL2 3402

81
f- 1 32
Vi 09
gx~V 3507
RCL1 3401

81
f- 1 32
Vi 09
+ 61
f 31
Vi 09

KEYS CODE

2 02
81

RCL3 3403
x 71
ST04 3304
R/S 84
LBL 23
C 13
ST05 3305
f- 1 32
SF1 51
RCL4 3404
gx>V 3524
GTO 22
1 01
f 31
SF1 51
gx~V 3507
LBL 23
1 01
.- 81
f- 1 32
Vi 09
1 01
9 x~V 3507
- 51
f 31
Vi 09
STO 7 3307
f- 1 32
TF1 61
GTO 22
2 02
RCL3 3403
STO 33

EE2-QSA 113

KEYS CODE

x 71
7 07
gx~V 3507

81
ST08 3308
RCL 5 3405

81
ST06 3306
R/S 84
LBL 23
D 14
RCL7 3407
R/S 84
LBL 23
E 15
RCL8 3408
R/S 84
LBL 23
2 02
RCL7 3407
RCL4 3404
x 71
RCL3 3403

81
9 35
1T 02
x 71
2 02
x 71
R/S 84

R1 a R4 fc R] vg

R2 b Rs f Ra vp

R3 e/ver R6 Ag Rg



114 EE2-Q9A EE2-10A 115

FREQUENCY CONVERSIONS

R1 R4 · R7 Frequency

R2 Rs Ra 1/2rr

R3 R6 Velocity Rg Used

LINE AND PULSE SPECTRUM ANALYSIS

R1 MHz/em R4 T R7

R2 Rs V Ra
R3 7 R6 Rg

KEYS CODE
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
81

f 31
LOG 08
1 01
0 00
x 71
R/S 84
LBL 23
E 15
gx~y 3507
RCL 3 3304
x 71
1 01. 83
5 05
x 71
x 71
ST05 3305
R/S 84
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
STO 1 3301
CLX 44
R/S 84
LBL 23
B 12
RCL 1 3401
x 71
2 02

81

9 35
l/x 04
STO 3 3303
R/S 84
LBL 23
C 13
RCL 1 3401
x 71

9 35
l/x 04
ST04 3304
R/S 84
RCL 3 3403
RCL4 3404

81
R/S 84
LBL 23
D 14
RCL4 3404
RCL 3 3403

81
x 71
ST05 3305
R/S 84
RCL 3 3403
RCL 4 3404

t- :I

~. :1

E :I

E :I

E !I

E I

E I

E ~

e ~>,.

~ I

E I

E -
E I

f .-J

~ I

KEYS CODE
9 Rt 3508
LBL 23
1 01
0 00
9 x=f.y 3521
GTO 22
2 02
RCL 6 3406
RCL 7 3407
-.- 81
RTN 24
LBL 23
2 02
9 Rt 3508
RCL 6 3406
gx~y 3507

81
ST07 3307
0 00
t 41
RTN 24
LBL 23
E 15
STO 6 3306
f 31
SF1 51
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE

9 35
rr 02
t 41
+ 61
9 35
l/x 04
ST08 3308
x 71
0 00
gx=f.y 3521
9 Rt 3508
A 11
RCL 8 3408
STO 33

81
7 07
9 Rt 3508
A 11
LBL 23
D 14
f 31
TF1 61
GTO 22
1 01
2 02. 83
9 09
9 09
7 07
9 09
2 02
5 05
EEX 43
8 08
STO 6 3306

KEYS CODE
f 1 32
SF1 51
R/S 84
LBL 23
A 11
0 00
9 x=y 3523
RCL 7 3407
R/S 84
9 Rt 3508
STO 7 3307
0 00
t 41
R/S 84
LBL 23
B 12
0 00
gx=f.y 3521
GTO

I
22

0 00
RCL 7 3407
9 35
ll.x 04
RTN 24
LBL 23
0 00
9 Rt 3508
9 35
l/x 04
STO 7 3307
0 00
t 41
RTN 24
LBL 23
C 13



R1 f max R4 Mmax R7 M

R2 fmin Rs f 1 Ra N

R3 Nmax Rs f 2 Rg Used

SPURIOUS RESPONSES

R1 R4 Sum R7 k + 1

R2 n Rs Ra k
1---
R3 m Rs I n Rg

EE2-12A 117

KEYS CODE
STO 33
+ 61
4 04
9 35
DSZ 83
GTO 22
1 01
RCL4 3404

9 35
ABS 06
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
5 05
+ 61
f 31
INT 83
ST08 3308
1 01
+ 61
STO 7 3307
RCL 3 3403
2 02

81
t 41
f- 1 32

VX 09
CHS 42
9 x~y 3507
RCL 2 3402

9 35
yx 05
RCL 2 3402

9 35
n! 03

81
ST04 3304
LBL 23
1 01
RCL7 3407
RCL 8 3408
- 51

81
9 LST X 3500
RCL 2 3402
+ 61

81
x 71

FM SIDEBAND LEVELS

KEYS CODE
ST02 3302
9 x~y 3507
STO 3 3303
E 15
LBL 23
2 02
f 31
LOG 08
2 02
0 00
x 71
RTN 24
LBL 23
B 12
ST02 3302
9 x~y 3507
STO 3 3303
E 15
STO 6 3306
0 00
STO 2 3302
E 15
RCL 6 3406
9 x~y 3507

81
GTO 22
2 02
LBL 23
E 15
RCL 3 3403
RCL 2 3402
9 x<"y 3522
9 x~y 3507
9 NOP 3501
1 01

I
~ i11

f ill
fl"J

fl_
fiB

r!.
f I_
f 1'_
t !~

[i-
f 1;-
[ !.
[ !.

I
~ i~

r ~t1
I~_

KEYS CODE
EEX 43
2 02

81
+ 61
R/S 84
GTO 22
4 04
LBL 23
E 15
RCL5 3405
RCL 7 3407
x 71
RCL 6 3406
RCL 8 3408
x 71
RTN 24
LBL 23
4 04
RCL 3 3403
RCL8 3408
9 xi=y 3521
GTO 22
2 02
RCL4 3404
RCL 7 3407
9 xi=y 3521
GTO 22
1 01
0 00

81

KEYS CODE
E 15
- 51

9 35
ABS 06
9 x>y 3524
GTO 22
3 03
RCL 2 3402
9 x>y 3524
GTO 22
3 03
RCL 7 3407
RCL8 3408
EEX 43
2 02

81
+ 61
CHS 42
R/S 84
LBL 23
3 03
RCL 1 3401
E 15
+ 61

9 35
ABS 06
9 x>y 3524
GTO 22
4 04
RCL 2 3402
gx>y 3524
GTO 22
4 04
RCL 7 3407
RCL 8 3408

116 EE2-11A

KEYS CODE

STO 1 3301
9 R-l- 3508
ST02 3302
R/S 84
LBL 23
B 12
STO 3 3303
9 R-l- 3508
STO 4 3304
R/S 84
LBL 23
C 13
STO 6 3306
9 R-l- 3508
ST05 3305
R/S 84
LBL 23
D 14
0 00
ST07 3307
LBL 23
1 01
0 00
ST08 3308
1 01
STO 33
+ 61
7 07
LBL 23
2 02
1 01
STO 33
+ 61
8 08
RCL1 3401

-



118 EE2-13A

MODULATION INDEX FOR SPECIFIED
CARRIER SUPPRESSION

R1 Xl R4 f(x), f(x) - v R7 f(Xl)

R2 Xo Rs V Ra # iter

R3 X Re f(xo) Rg

CONSTANT EXCESS NOISE MEASUREMENT

EE2-14A 119

KEYS CODE

9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501

KEYS CODE

D 14
1 01
0 00

81
f- l 32
LOG 08
1 01
- 51
2 02
9 09
0 00
x 71
RTN 24
LBL 23
E 15
2 02
9 09
0 00

81
1 01
+ 61
f 31
LOG 08
1 01
0 00
x 71
RTN 24
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501

KEYS CODE

STO 1 3301
RTN 24
LBL 23
B 12
STO 2 3302
RTN 24
LBL 23
C 13
1 01
0 00

81
f- 1 32
LOG 08
STO 3 3303
RCL1 3401
X 71
RCL 2 3402
- 51
1 01
RCL 3 3403
- 51

81
2 02
9 09
0 00

. 81
1 01
+ 61
f 31
LOG 08
1 01
0 00
X 71
RTN 24
LBL 23

R1 Tc R4 R7
R2 Th Rs Ra
R3 10ty/1O Re Rg

~.
I :I

~.. •
~. .~

~: -
~. ~

F=~ -

1"­
~e ~lll

I~ ili1l
IE !j:ll
Ei,a

E i.
e!.
e !11

E !.
E!.

KEYS CODE

+ 61
4 04
9 35
DSZ 83
GTO 22
3 03
RCL 4 3404
RCL 5 3405
- 51
ST04 3304
RCL 7 3407
x 71
0 00
9 x<v 3522
GTO 22
2 02
RCL 1 3401
ST02 3302
RCL 7 3407
STO 6 3306
LBL 23
2 02
RCL 3 3403
STO 1 3301
RCL 4 3404
STO 7 3307
GTO 22
1 01
9 Nap 3501
9 Nap 3501

KEYS CODE

- 51
9 LST X 3500

81
9 35
ABS 06
EEX 43
CHS 42
8 08
9 x>v 3524
RCL 3 3403
R/S 84
9 09
STO 8 3308
RCL 3 3403
2 02

81
f- l 32
-IX 09
CHS 42
t 41
t 41
1 01
STO 4 3304
LBL 23
3 03
RCL 8 3408
1 01
0 00
- 51
CHS 42
t 41
x 71

81
x 71
STO 33

KEYS CODE

f 31
REG 43
CHS 42
2· 02
0 00

81
f- l 32
LOG 08
STO 5 3305

83
1 01
+ 61
CHS 42
STO 7 3307
1 01
RCL 5 3405
- 51
STO 6 3306
4 04
STO 1 3301
LBL 23
1 01
RCL1 3401
RCL1 3401
RCL 2 3402
- 51
RCL 7 3407
RCL·6 3406
- 51

81
RCL 7 3407
x 71
- 51
STO 3 3303
RCL 1 3401



NOISE FIGURE OF CASCADED NETWORKS

R1 II Gj R4 R7

R2 Gj Rs Rs
R3 NF R6 Rg

R1 RL R4 Xs R7 Used
R2 XL Rs Used Rs
R3 RS R6 Used Rg

IMPEDANCE MATCHING

EE2-16A 121

KEYS CODE
R/S 84
E 15
R/S 84
LBL 23
D 14
RCL5 3405
R/S 84
LBL 23
E 15
STO 7 3307
RCL2 3402
+ 61
RCL 3 3403
X 71
RCL 7 3407
RCL 4 3404
+ 61
RCL 1 3401
X 71
- 51
RCL 1 3401

81
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

...

KEYS CODE
9 R,J, 3508
+ 61
f 31
VX 09
9 Rt 3509
9 x~y 3507
- 51
STO 5 3305
9 LST X 3500
t 41
+ 61
+ 61
STO 6 3306
RTN 24
E 15
R/S 84
LBL 23
C 13
RCL5 3405
R/S 84
E 15
R/S 84
LBL 23
D 14
RCL 1 3401
RCL 3 3403
STO 1 3301
9 R,J, 3508
ST03 3303
RCL 2 3402
RCL4 3404
ST02 3302
9 R,J, 3508
STO 4 3304
C 13

KEYS CODE
STO 1 3301
9 R,J, 3508
STO 2 3302
R/S 84
LBL 23
B 12
ST03 3303
9 R,J, 3508
ST04 3304
R/S 84
LBL 23
C 13
RCL 2 3402
f- 1 32
VX 09
RCL1 3401
f- 1

32
VX 09
+ 61
RCL 3 3403
X 71
RCL 1 3401
RCL 3 3403
- 51

81
9 LST X 3500
9 35
l/x 04
RCL 3 3403
X 71
RCL 2 3402
X 71
f- 1

32
VX 09
9 LST X 3500

I
Ii~i .1

~1 UJli

.~
~>i n~

~~ :!11

~ ~:!

~ .. ~j

~ ~i
LWl

~ ;it
l..._lII:

~ i~
o..li!i

~
"---:1I!l

1Jl!,......,

~
'-g(

tj!
lLJf

~
r-,~'

Ilil.
...:iI

f
..--::-:,..
all
.....J

~
-=::s
.·-~II

~

f
a::=:w

I

·'-i
~,

KEYS CODE
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
LBL 23
0 00
f 31
LOG 08
1 01
0 00
x 71
R/S 84
LBL 23
E 15
1 01
0 00

81
f- 1 32
LOG 08
RTN 24
LBL 23
C 13
E 15
1 01
- 51
2 02
9 09
0 00
x 71
R/S 84
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
1 01
STO 1 3301
R/S 84
LBL 23
B 12
9 35
DSZ 83
GTO 22
1 01
E 15
STO 2 3302
9 x~y 3507
E 15
STO 3 3303
GTO 22
0 00
LBL 23
1 01
E 15
9 x~y 3507
E 15
1 01
- 51
gx~y 3507
RCL 2 3402
RCL 1 3401
x 71
STO 1 3301
gx~y 3507
ST02 3302
9 R,J, 3508

81
RCL3 3403
+ 61
ST03 3303

120 EE2-15A



FIGURE OF MERIT, MAXIMUM UNILATERAL GAIN

R1 51 1 R4 522 R7 U

R2 512 RS Ra
R3 521 Rs 15211

2 /Gu Rg

UNILATERAL DESIGN: GAIN CIRCLES

R1 51 1 R4 522 R7 Gj

R2 512 RS Ra
R3 521 Rs denominator Rg 15ijl

EE2-18A 123

KEYS CODE
C 13
1 01
0 00

81
f- 1 32
LOG 08
STO 7 3307
RCL4 3404
GTO 22
2 02
LBL 23
E 15
f 31
LOG 08
1 01
0 00
x 71
RTN 24
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
a Nap 3501

KEYS CODE
STO 7 3307
RCL1 3401
LBL 23
2 02
STO 33
9 09
x 71
1 01
RCL 7 3407
RCL 34
9 09
f- 1 32
VX 09
x 71
+ 61
STO 6 3306

81
R!S 84

RCL 34
9 09
f- 1 32
VX 09
1 01
- 51
RCL7 3407
x 71
1 01
+ 61
f 31
VX 09
RCL 6 3406

81
R!S 84
LBL 23

KEYS CODE
LBL 23
A 11
RCL 3 3403
f- 1 32

VX 09
E 15
R!S 84
1 01
RCL 1 3401
f- 1 32

VX 09
- 51

9 35
11x 04
E 15
R!S 84
+ 61
1 01
RCL4 3404
f- 1 32
VX 09
- 51
9 35
11x 04
E 15
R!S 84
+ 61
R!S 84
LBL 23
B 12
1 01
0 00

81
f- 1 32
LOG 08

I
~. ill
~ill
f!....••...•'W

E!t1
E!.

IFit!
~I-'

I
f·:W

fl·
fjll
fjtl
f l~

fl~
f·l1l
f --W

1-

KEYS CODE
f 31
LOG 08
1 01
0 00
x 71
RTN 24
LBL 23
D 14
RCL 7 3407
LBL 23
4 04
1 01
+ 61
f- 1 32
VX 09

9 35
11x 04
E 15
C 13
+ 61
R!S 84
RCL 7 3407
CHS 42
GTO 22
4 04
9 Nap 3501
9 Nap 3501
9 Nap 3501
9 Nap 3501
a Nap 3501

KEYS CODE
ST03 3303
RTN 24
LBL 23
B 12
RCL1 3401
RCL 2 3402
x 71
RCL 3 3403
x 71
RCL4 3404
x 71
1 01
RCL 1 13401f- 1 32
VX 09
- 51
1 01
RCL4 3404
f- 1 32
VX 09
- 51
x 71
STO 6 3306

81
STO 7 3307
RTN 24
LBL 23
C 13
RCL 3 3403
f- 1 32

VX 09
RCL 6 3406

81
LBL 23
E 15

122 EE2-17A

KEYS CODE
t 41
t 41
1 01
1 01
9 x=y 3523
GTO 22
1 01
CLX 44
1 01
2 02
9 x=y 3523
GTO 22
2 02
CLX 44
2 02
1 01
9 x=y 3523
GTO 22
3 03
9 Rt 3509
ST04 3304
RTN 24
LBL 23
1 01
9 Rt 3509
STO 1 3301
RTN 24
LBL 23
2 02
9 Rt 3509
STO 2 3302
RTN 24
LBL 23
3 03
9 Rt 3509
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UNILATERAL DESIGN:
NOISE FIGURE CIRCLES

R1 Iro I R4 Irsl R7 NF j

R2 Lro Rs Lrs Ra N

R3 NFo Rs NFs Rg

INPUT S-PARAMETERS AND COMPUTE DELTA

R1 Sl1 R4 S22 R7 621 , Lf::,.

R2 S12 Rs 6 11 Ra 622

R3 S21 Rs 6 12 , 1.6.1 Rg Used

KEYS CODE

9 09
STO 7 3307
CLX 44
1 01
f- 1 32
R-*P 01
ST06 3306
9 R-l- 3508
RCL 7 3407
x 71
9 LSTX 3500
STO 33
x 71
6 06
CLX 44
RCL 6 34 06
9 R-l- 3508
- 51
9 R-l- 3508
- 51
CHS 42
9 Rt 3509
gx~y 3507
f 31
R-*P 01
STO 6 3306
gx~y 3507
STO 7 3307
R/S 84
9 NOP 3501

KEYS CODE

9 Rt 3509
ST02 3302
R/S 84
LBL 23
3 03
9 Rt 3509
STO 7 3307
9 Rt 3509
STO 3 3303
R/S 84
LBL 23
B 12
RCL5 3405
RCL8 3408
+ 61
1 01
f- 1 32
R-*P 01
RCL1 3401
RCL4 3404
x 71
x 71
9 x~y 3507
9 LST X 3500
x 71
RCL 2 3402
RCL3 3403
x 71
STO 33
9 09
CLX 44
RCL 6 3406
RCL 7 3407
+ 61
RCL 34

KEYS CODE

LBL 23
A 11
1 01
1 01
9 x=y 3523
GTO 22
1 01
CLX 44
1 01
2 02
9 x=y 3523
GTO 22
2 02
CLX 44
2 02
1

I
01

9 x=y 3523
GTO 22
3 03
9 Rt 3509
ST08 3308
9 Rt 3509
STO 4 3304
R/S 84
LBL 23
1 01
9 Rt 3509
STO 5 3305
9 Rt 3509
STO 1 3301
R/S 84
LBL 23
2 02
9 Rt 3509
STO 6 3306

I~~ -
IE~ I

I~ I

IE I I

I~ I

I~ I

I~ I

I~ :I

~ I

~ :it-

~ :I

~ ~

~ ~

~ ~.

F 3

KEYS CODE

9 x~y 3507
81

R/S 84
1 01
RCL1 3401
f- 1 32
Vi 09
- 51
RCL8 3408
+ 61
9 LST X 3500
x 71
f 31

Vi 09
1 01
RCL8 3408
+ 61

81
R/S 84
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE

RCL4 3404
f- 1 32
R-*P 01
RCL 2 3402
RCL1 3401
f- 1 32
R-*P 01
gx~y 3507
9 R-l- 3508
- 51
9 R-l- 3508
- 51
9 Rt 3509
f 31
R-*P 01
f- 1 32

Vi 09
1 01
RCL4 3404
f- 1 32

Vi 09
- 51

81
RCL 7 3407
RCL 3 3403
- 51
x 71
RCL 6 3406
RCL 3 3403
- 51

81
ST08 3308
1 01
+ 61
RCL1 3401

KEYS CODE

LBL 23
A 11
STO 1 3301
9 R-l- 3508
ST02 3302
9 R-l- 3508
1 01
0 00

81
f- 1 32
LOG 08
STO 3 3303
R/S 84
LBL 23
B 12
ST04 3304
9 R-l- 3508
STO 5 3305
9 R-l- 3508
1 01
0 00

81
f- 1 32
LOG 08
STO 6 3306
R/S 84
LBL 23
C 13
1 01
0 00

81
f- 1 32
LOG 08
ST07 3307
RCL5 3405



BILATERAL DESIGN: K GMAX

R1 511 R4 522 R7 L.6

R2 512 RS 811 Ra 822

R3 521 R6 j[,1 Rg K

BILATERAL DESIGN: OPTIMUM MATCHING

R1 511 R4 522 R7 L.6
R2 512 RS 811 Ra 822

R3 521 R6 1[,1 Rg LC*

EE2-20A3 127

KEYS CODE
gx~y 3507
9 x<,.y 3522
0 00
+ 61
9 LST X 3500
+ 61
9 LST X 3500
+ 61
R/S 84
9 Rt 3509
R/S 84
LBL 23
D 14
f- 1 32
R~P 01
9 R.j. 3508
- 51
9 R.j. 3508
- 51
9 Rt 3509
gx~y 3507
f 31
R~P 01
gx~y 3507
STO 33
9 09
9 R.j. 3508
RTN 24
9 NOP 3501
9 NOP 3501

KEYS CODE

RCL5 3405
RCL1 3401
D 14
RCL 1 3401
f- 1 32
y'X 09
1 01
+ 61
RCL4 3404
LBL 23
1 01
f- 1 32
y'X 09
- 51
RCL6 3406
f- 1 32
y'X 09
- 51

81
2 02
x 71
9 35
1/x 04
t 41
t 41
x 71
1 01
- 51
f 31
y'X 09
- 51
RCL 34
9 09
gx~y 3507
1 01

KEYS CODE

RCL6 3406
RCL7 3407
RCL 5 34 05
RCL1 3401
C 13
RCL8 3408
RCL4 3404
D 14
RCL4 3404
f-1 32
y'X 09
1 01
+ 61
RCL 1 3401
GTO 22
1 01
LBL 23
C 13
9 R.j. 3508
- 51
9 R.j. 3508
x 71
9 Rt 3509
gx~y 3507
f- 1 32
R~P 01
gx~y 3507
RTN 24
LBL 23
A 11
RCL6 3406
RCL 7 3407
RCL 8 3408
RCL4 3404
C 13

It"...•~
I

t j'1l
c:.•-~
E·· ttl
E 111

I
E j4
E .<~

E I~
E I'll
E'~

I
E 'ti

I
E jtl
E'-­
E !,
E i.

1_

KEYS CODE

y'X 09
9 x~y 3507
9 R.j. 3508
x 71
CHS 42
9 Rt 3509
+ 61
RCL 3 3403
x 71
RCL 2 3402

81
9 35
ABS 06
f 31
LOG 08
1 01
0 00
x 71
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE

ABS 06
9 LST X 3500

81
9 Rt 3509
1 01
+ 61
RCL 1 3401
f- 1 32
y'X 09
- 51
RCL 4 3404
f- 1 32
y'X 09
- 51
2 02

81
RCL 2 3402
RCL 3 3403
x 71
9 35
ABS 06

81
STO 33
9 09
RTN 24
LBL 23
B 12
A 11
t 41
x 71
9 LST X 3500
9 x~y 3507
1 01
- 51
f 31

KEYS CODE

RCL 3 3403
f- 1 32
y'X 09
f 31
LOG 08
1 01
0 00
x 71
- 51
RTN 24
LBL 23
A 11
RCL 6 3406
f- 1 32
y'X 09
t 41
t 41
1 01
- 51
RCL 1 3401
f- 1 32
y'X 09
- 51
RCL4 3404
f- 1 32
y'X 09
+ 61
CHS 42
t 41
CLX 44
9 x=y 3523
1 01
9 NOP 3501
+ 61
9 35
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BILATERAL DESIGN: GAIN CIRCLES

R1 511 R4 522 R7 1...6

R2 512 Rs 811 Rs 822
\-------------

ILl Rg GR3 521 R6

BILATERAL DESIGN: STABILITY CIRCLES

R1 51 1 R4 522 R7 1...6

R2 512 Rs 811 Rs 822

R3 521 R6 ILl Rg

EE2-22A 129

KEYS CODE
B 12
RCL4 3404
GTO 22
1 01
LBL 23
B 12
RCL2 3402
RCL3 3403
x 71
RCL 1 3401
GTO 22
1 01
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
RCL6 3406
f- 1 32
VX 09
- 51

81
LBL 23
2 02
R/S 84
gx~y 3507
GTO 22
2 02
LBL 23
A 11
RCL6 3406
RCL 7 3407
RCL 8 3408
CHS 42
RCL4 3404
C 13
RCL 5 3405
RCL 1 3401
B 12
RCL 1 3401
GTO 22
1 01
LBL 23
C 13
RCL 6 3406
RCL 7 3407
RCL 5 3405
CHS 42
RCL1 3401
C 13
RCL 8 3408
RCL4 3404

KEYS CODE
LBL 23
B 12
f- 1 32
R-"7P 01
9 R,j, 3508
- 51
9 R,j, 3508
- 51
9 Rt 3509
gx~y 3507
f 31
R-"7P 01
RTN 24
LBL 23
C 13
9 R,j, 3508
+ 61
9 R,j, 3508
x 71
9 Rt 3509
gx~y 3507
f- 1 32
R-"7P 01
gx~y 3507
RTN 24
LBL 23
D 14
RCL 2 3402
RCL 3 3403
x 71
RCL4 3404
LBL 23
1 01
f- 1 32
VX 09

1­t:i ll
~ .. ~
~ !-.
~!1I
f !.

Ic= L_

r !-.
r!.
F 111
F \.

F~
F~
f~
f'~
FZ'~

KEYS CODE

RCL 1 3401
f- 1 32

VX 09
- 51
RCL4 3404
f- 1 32

VX 09
- 51
1 01
+ 61
RCL2 3402

81
RCL3 3403

81
- 51
x 71
1 01
+ 61
f 31

VX 09
RCL 34
9 09

81
9 LST X 3500

9 35
l/x 04
GTO 22
1 01
9 NOP 3501
a NOP 3501

KEYS CODE

81
STO 33
0 09

9 35
l/x 04
LBL 23
1 01
RCL 6 3406
f- 1 32

VX 09
- 51
RCL4 3404
f- 1 32

VX 09
+ 61

81
LBL 23
2 02
R/S 84
gx~y 3507
GTO 22
2 02
LBL 23
B 12
RCL 34
9 09
RCL 2 3402
x 71
RCL 3 3403
x 71
t 41
t 41
RCL 6 3406
f- 1 32

VX 09

KEYS CODE

RCL6 3406
RCL7 3407
RCL 5 3405
CHS 42
RCL1 3401
9 R,j, 3508

+ 61
9 R,j, 3508
x 71
9 Rt 3509
gx~y 3507
f- 1 32
R-"7P 01
gx~y 3507
RCL 8 3408
RCL4 3404
f- 1 32
R-"7P 01
9 R,j, 3508
- 51
9 R,j, 3508
- 51
9 Rt 3509
gx~y 3507
f 31
R-"7P 01
R/S 84
1 01
0 00

81
f- 1 32
LOG 08
RCL 3 3403
f- 1 32

VX 09
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R1 51 1 R4 522 R7 ~

R2 512, WI Rs L511 Ra L522

R3 521, Lr Rs Ifli Rg

LOAD AND SOURCE MAPPING

EE2-24A 131

R1 Xl, Xo R4 Y2 R7 X

R2 Yi,Xi Rs X Ra
R3 Xl, X2 Rs (X2 -Xl) (X2 -Xo) Rg

x
RCL6
x
+
RTN
gNOP

RCL 7
RCL 2

x
+
RCL7
RCL 1

x
RCL5

RCL 7
RCL 3

x
RCL 7
RCL 1

x
RCL4

RCL 7
RCL3

KEYS CODE
9 x-;:'y 3507
- 51
x 71
ST06 3306
RTN 24
LBL 23
0 14
t 41
RCL6 3406

81
ST06 3306
CLX 44
RCL 2 3402
RCL1 3401
- 51

81
RCL2 3402
RCL3 3403
- 51

81
ST05 3305
CLX 44
RCL1 3401
RCL2 3402
- 51

81
RCL1 3401
RCL3 3403
- 51

81
ST04 3304
RTN 24
LBL 23
E 15
ST07 3307

3304
3508
3303
3508
3302
3508
3301

84
23
12

3305
3401

51
3404

71
3403
3405

51
3402

71
61

3403
3401

51
81
24
23
13

3303
3507
3302

51
3507
3301
3403

CODE

LINEAR AND LAGRANGIAN INTERPOLATION

KEYS CODE
RCL 2 3402

51
3407
3403

51
71

3404
71

3407
3401

51
3407
3403

51
71

3405
71
61

3407
3401

51
3407
3402

51
71

3406
71
61
24

3501

9 x-;:'y
STO 1
RCL3

RTN
LBL
C
STO 3
9 x-;:'y
ST02

RCL2
x
+
RCL3
RCL1

x
RCL3
RCL5

RCL4

KEYS
ST04
9 Ri
ST03
9 Ri
ST02
9 Ri
STO 1
R/S
LBL
B
ST05
RCL 1

r~ I.
~. ~

~- ~
Er
Er
E~

e"~
E I.
E ~.~

el.
el-tl
E !-.

I
E'.
E LII
e!_
IE. I -Wi

I

KEYS CODE
9 x-;:'y 3507
f 31
R-7P 01
9 x-;:'y 3507
RTN 24
LBL 23
E 15
ST02 3302
9 x-;:'y 3507
ST03 3303
RCL 7 3407
RCL6 3406
C 13
LBL 23
B 12
E 15
RCL8 3408
RCL4 3404
0 14
RCL3 3403
RCL5 3405
+ 61
RCL 1 3401
GTO 22
2 02
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
9 35
11x 04
C 13
CHS 42
9 x-;:.y 3507
f 31
R-7P 01
LBL 23
1 01
R/S 84
9 x-;:.y 3507
GTO 22
1 01
LBL 23
C 13
9 Ri 3508
+ 61
9 Ri 3508
x 71
9 Rt 3509-
9 x-;:'y 3507
f- 1 32
R-7P 01
9 x-;:'y 3507
RTN 24
LBL 23
0 14
f- 1

32
R-7P 01
9 Ri 3508
- 51
CHS 42
9 Ri 3508
- 51
9 Rt 3509

130 EE2-23A

KEYS CODE
E 15
RCL 5 3405
RCL1 3401
0 14
RCL3 3403
RCL8 3408
+ 61
RCL4 3404
LBL 23
2 02
STO 33
9 09
CLX 44
RCL 2 3402
STO 33
x 71
9 09
CLX 44
RCL 34
9 09
f- 1

32
R-7P 01
STO 33
9 09
CLX 44
1 01
STO 33
- 51
9 09
CLX 44
RCL 34
9 09
CHS 42
f 31
R-7P 01



INPUT S-PARAMETERS AND PRECONDITION

R1 ITlll R4 IT22 1 R7 LTzl

R2 ITlzl Rs LTll Ra LT22

R3 ITzll R6 LT1Z Rg

EE2-25A2 133

KEYS CODE
STO 33
x 71
1 01
STO 33
+ 81
4 04
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
9 Rt 3509
ST02 3302
RTN 24
LBL 23
3 03
9 Rt 3509
STO 7 3307
9 Rt 3509
ST03 3303
RTN 24
LBL 23
C 13

9 35
l/x 04
LBL 23
B 12
STO 33
x 71
1 01
STO 33
x 71
2 02
STO 33
x 71
3 03
STO 33
x 71
4 04
RTN 24
LBL 23
E 15

9 35
l/x 04
LBL 23
D 14

V-, Z-, G-, OR H-PARAMETERS
AND PRECONDITION

R1 ITlll R4 ITzzl R7 LTzl

R2 IT1ZI Rs LTll Ra LTzz
R3 ITzd R6 LT12 Rg

KEYS CODE
LBL 23
A 11
1 01
1 01
9 x=y 3523
GTO 22
1 01
CLX 44
1 01
2 02
9 x=y 3523
GTO 22
2 02
CLX 44
2 02
1 01
9 x=y 3523
GTO 22
3 03
9 Rt 3509
ST08 3308
9 Rt 3509
ST04 3304
RTN 24
LBL 23
1 01
9 Rt 3509
ST05 3305
9 Rt 3509
STO 1 3301
RTN 24
LBL 23
2 02
9 Rt 3509
ST06 3306

~I
t'jW

lEi­
E i'11
E · 4

E!~
EI~
E'····~

E Ltl
I

E~' =-
E l~
Ej··~

IE ,.....
IE I~

e l •

KEYS CODE
1 01
STO 33
x 71
2 02
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
gNOP 3501
gNOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
9 Rt 3509
ST02 3302
R/S 34
LBL 23
3 03
9 Rt 3509
ST07 3307
9 Rt 3509
ST03 3303
R/S 84
LBL 23
B 12
R/S 84
LBL 23
C 13
D 14
E 15
RTN 24
LBL 23
D 14
1 01
CHS 42
STO 33
x 71
3 03
STO 33
x 71
4 04
RTN 24
LBL 23
E 15
1 01
CHS 42
STO 33
x 71

132 EE2-25A1

KEYS CODE
LBL 23
A 11
1 01
1 01
9 x=y 3523
GTO 22
1 01
CLX 44
1 01
2 02
gx=y 3523
GTO 22
2 02
CLX 44
2 02
1 01
9 x=y 3523
GTO 22
3 03
9 Rt 3509
ST08 3308
9 Rt 3509
ST04 3304
R/S 84
LBL 23
1 01
9 Rt 3509
ST05 3305
9 Rt 3509
STO 1 3301
R/S 84
LBL 23
2 02
9 Rt 3509
ST06 3306



134 EE2-25A3

R1 1Tll l,IT12 1 R4 IT22 I, ITll l R7 LT21
f---

R2 ITI2 1 RS LTll ,LT22 Rs LT22 ,LTII

R3 IT2t1 Ra LT12 Rg Used
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KEYS CODE
1 01
STO 33
- 51
8 08
CLX 44
RCL8 3408
f 31
R-+P 01
ST04 3304
9 R-l- 3508
ST08 3308
9 R-l- 3508
STO 33
x 71
2 02
STO 33
x 71
3 03
gx~y 3507
1 01
8 08
0 00
+ 61
STO 33
+ 61
6 06
STO 33
+ 61
7 07
RTN 24

KEYS CODE

f 31
R-+P 01
STO 1 3301
9 R-l- 3508
ST05 3305
9 R-l- 3508
RCL8 3408
RCL4 3404
f- I 32
R-+P 01
gx~y 3507
ST08 3308
CLX 44
1 01
+ 61
RCL8 3408
gx~y 3507
f 31
R-+P 01
gx~y 3507
9 R-l- 3508
gx~y 3507
x 71
9 LST X 3500
9 x~y 3507
9 Rt 3509
9 Rt 3509
+ 61
9 LST X 3500
9 R-l- 3508
gx~y 3507
f-1 32
R-+P 01
ST08 3308
CLX 44

COMPUTE T' - CARD 2

KEYS CODE

RCL5 3405
RCL 1 3401
f- I 32
R-+P 01
gx~y 3507
ST05 3305
CLX 44
1 01
+ 61
RCL 5 3405
gx~y 3507
f 31
R-+P 01
gx~y 3507
9 R-l- 3508
gx~y 3507
x 71
9 LST X 3500
gx~y 3507
9 Rt 3509
9 Rt 3509
+ 61
9 LST X 3500
9 R-l- 3508
gx~y 3507
f- I 32
R-+P 01
STO 5 3305
CLX 44
1 01
STO 33
- 51
5 05
CLX 44
RCL 5 3405

R1 ITII'I R4 IT2/1 R7 LT21
,

R2 ITI2 'I Rs LTll
,

Rs LT22
,

R3 IT21 'I Ra LTI2
,

Rg

~r-
~··i=l

fi~

f· i~

E" -it
I

E i41
E f~
E IL-~

I
Ertl
E i~

E 1-=11

--til
E 1
F --­
F ltl
F l.

I

KEYS CODE

x 71
RCL1 3401
x 71
RCL1 3401
RCL5 3405
E 15
RCL8 3408
f 31
SIN 04
x 71
RCL4 3404
x 71
+ 61
RCL6 3406
RCL 7 3407
+ 61
f 31
SIN 04
RCL2 3402
x 71
RCL3 3403
x 71
- 51
gx~y 3507
f 31
R-+P 01
9 35
I/x 04
gx~y 3507
CHS 42
gx~y 3507
2 02
x 71
RCL 1 3401
RCL4 3404

COMPUTE TPRIME - CARD 1

KEYS CODE

STO 1 3301
9 R-l- 3508
STO 4 3304
CLX 44
RCL 5 3405
RCL 8 3408
STO 5 3305
9 R-l- 3508
STO 8 3308
9 R-l- 3508
RTN 24
LBL 23
E 15
f 31
COS 05
x 71
1 01
+ 61
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP [3501
9 NOP 3501
9 NOP I 3501
gNOP ~2-

KEYS CODE

RCL1 3401
RCL 5 3405
E 15
RCL4 3404
RCL8 34D8
E 15
x 71
RCL5 3405
f 31
SIN 04
RCL8 3408
f 31
SIN 04
x 71
RCL1 3401
x 71
RCL4 3404
x 71
- 51
RCL6 3406
RCL 7 3407
+ 61
f 31
COS 05
RCL2 3402
x 71
RCL3 3403
x 71
- 51
RCL4 3404
RCL8 3408
E 15
RCL5 3405
f 31
SIN 04



S - V, Z, G, H POSTCONDITION

R1 I Tll'l R4 IT22 ', R7 LTzl
,

R2 IT12 'j Rs LTll
I Ra LT22

,

R3 ITzl'1 R6 LT1Z

,
Rg
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KEYS CODE
RCL 2 3402
GTO 22
5 05
LBL 23
3 03
RCL7 3407
RCL3 3403
GTO 22
5 05
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
gNOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
Q NOP 3501

KEYS CODE
CLX 44
1 01
2 02
9 x=y 3523
GTO 22
2 02
CLX 44
2 02
1 01
9 x=y 3523
GTO 22
3 03
RCL 8 3408
RCL4 3404
LBL 23
5 05
f- l 32
R-+P 01
f

I
31

R-+P 01
I

LBL 23
6 06
R/S 84
9 x~y 3507
GTO 22
6 06
LBL 23
1 01
RCL5 3405
RCL 1 3401
GTO 22
5 05
LBL 23
2 02
RCL 6 3406

V,Z,G, OR H TO S
PARAMETERS POSTCONDITION

KEYS CODE
LBL 23
A 11
R/S 84
LBL 23
B 12
D 14
LBL 23
C 13
1 01
CHS 42
STO 33
x 71
3 03
STO 33
x 71
4 04
RTN 24
LBL 23
D 14
1 01
CHS 42
STO 33
x 71
1 01
STO 33
x 71
2 02
RTN 24
LBL 23
E 15
1 01
1 01
9 x=y 3523
GTO 22
1 01

R1 ITil'1 R4 ITzz'1 R7 LTzl
,

R2 ITl z'1 Rs LT ll
,

Ra LTzz
,

R3 ITz/1 R6 LT1Z
,

Rg

KEYS CODE
f- l 32
R-+P 01
f 31
R-+P 01
LBL 23
6 06
R/S 84
9 x~y 3507
GTO 22
6 06
LBL 23
1 01
RCL 5 3405
RCL 1 3401
GTO 22
7 07
LBL 23
2 02
RCL6 3406
RCL2 3402
GTO 22
7 07
LBL 23
3 03
RCL7 3407
RCL3 3403
GTO 22
7 07
9 NOP 3501
CJ NOP 3501

KEYS CODE

2 02
STO 33

81
3 03
STO 33

81
4 04
LBL 23
5 05
9 x~y 3507
1 01
1 01
9 x=y 3523
GTO 22
1 01
CLX 44
1 01
2 02
'g x=y 3523
GTO 22
2 02
CLX 44
2 02
1 01
9 x=y 3523
GTO 22
3 03
RCL8 3408
RCL4 3404
LBL 23
7 07
1 01
t 41
9 Rt 3509
9 Rt 3509

136 EE2-25A5

KEYS CODE

9 Rt 3509

9 35
l/x 04
9 Rt 3508
LBL 23
D 14
9 Rt 3509
STO 33

81
1 01
STO 33
x 71
4 04
GTO 22
5 05
LBL 23
A 11
t 41
t 41
t 41
RTN 24
LBL 23
C 13
9 Rt 3509

9 35
l/x 04
9 Rt 3508
LBL 23
B 12
9 Rt 3509
STO 33

81
1 01
STO 33

81



S TO T PARAMETER CONVERSION

R1 15111 R4 15221 R7 LS21

R2 15121 RS LSll Rs LS22

R3 15211 R6 LS12 Rg_.

T TO S PARAMETER CONVERSION

R1 ITill R4 IT22 1 R7 LT21

R2 IT12 1 Rs LTll Rs LT22

R3 IT2d R6 LT12 Rg
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KEYS CODE

9 R'" 3508
- 51
CHS 42
9 Rt 3509
gx~y 3507
f 31
R-+P 01
gx~y 3507
RTN 24
LBL 23
E 15

9 R'" 3508
+ 61

9 R'" 3508
x 71
9 Rt 3509
gx~y 3507
f- l 32
R-+P 01
gx~y 3507
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
gNOP 3501
aNOP 3501 __

KEYS CODE

D 14
gx~y 3507
CHS 42
f- l 32
R-+P 01
f 31
R-+P 01
R/S 84
gx~y 3507
R/S 84
LBL 23
C 13
RCL4 3404
R/S 84
RCL8 3408
R/S 84
RCL3 34 03
RCL 7 3407
RCL8 3408
RCL4 3404
E 15
CHS 42
gx~y 3507
CHS 42
f 31
R-+P 01
R/S 84
gx~y 3507
R/S 84
LBL 23
D 14
f- l 32
R-+P 01
9 R'" 3508
- 51

KEYS CODE

RCL8 3408
CHS 42
ST08 3308
RCL4 3404

9 35
l/x 04
ST04 3304
R/S 84
LBL 23
B 12
RCL4 3404
RCL8 3408
RCL6 3406
RCL2 3402
E 15
gx~y 3507
f 31
R-+P 01
R/S 84
gx~y 3507
R/S 84
RCL 3 3403
RCL 7 3407
RCL 6 3406
RCL 2 3402
E 15
gx~y 3507
f 31
R-+P 01
gx~y 3507
RCL8 3408
RCL4 3404
E 15
RCL 5 3405
RCL1 3401

I
~.- -11

I
~~....~

I
f: i:fl
~ -11

~!~
~J411
f t,.
~ J~

If .-tI

f !et!
I

E".~

f let!
fi~
f i~
f 1-11
- I«~

KEYS CODE

9 Rt 3509
gx~y 3507
f- l 32
R-+P 01
gx~y 3507
RTN 24
LBL 23
D 14
f- l 32
R-+P 01
9 R'" 3508
- 51
9 R'" 3508
- 51
CHS 42
9 Rt 3509
gx~y 3507
f 31
R-+P 01
gx~y 3507
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE

RCL7 3407
RCL 5 3405
RCL1 3401
E 15
gx~y 3507
f 31
R-+P 01
R/S 84
gx~y 3507
R/S 84
LBL 23
C 13
RCL4 3404
RCL8 3408
RCL 7 3407
RCL3 3403
E 15
CHS 42
gx~y 3507
CHS 42
f 31
R-+P 01
R/S 84
gx~y 3507
R/S 84
RCL3 3403
R/S 84
RCL 7 3407
R/S 84
LBL 23
E 15

9 R'" 3508
+ 61
9 R'" 3508
x 71

138 EE2-26A1

KEYS CODE

RCL 7 3407
CHS 42
ST07 3307
RCL3 3403
9 35
l/x 04
ST03 3303
R/S 84
LBL 23
B 12
RCL 1 3401
RCL 5 3405
RCL 8 3408
RCL4 3404
E 15
gx~y 3507
f 31
R-+P 01
g'x~y 3507
RCL 7 3407
RCL 3 3403
E 15
RCL6 3406
RCL2 3402
D 14
9 x~y 3507
CHS 42
f- l 32
R-+P 01
f 31
R-+P 01
R/S 84
gx~y 3507
R/S 84
RCL 3 3403



COMPLEX MATRIX OPERATIONS - CARD 1

R1 all, al 2 b2 1 R4 a2 1, a2 2 b2 2 R7 a2l bll

R2 a12, al 2 b22 Rs all bll Ra a2l b l 2

R3 a2 1 , a22 b2 1 Re all bl 2 Rg

COMPLEX MATRIX OPERATIONS - CARD 2

R1 LCll R4 LC22 R7 IC2l1

R2 LC12 Rs IClll Ra IC22 1

R3 LC2l Re IC121 Rg
!
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KEYS CODE
E 15
f 31
INT 83
9 LST X 3500
f- l 32
INT 83
EEX 43
4 04
x 71
gx~V 3507
EEX 43
4 04

81
f- l 32
R-+P 01
RTN 24
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501
gNOP 3501
9 NOP 3501
gNOP 3501
9 NOP 3501
9 NOP 3501
9 NOP 3501

KEYS CODE
E 15
RCL 7 3407
D 14
STO 7 3307
9 x""i:-v 3507
ST03 3303
9 x""i:-v 3507
R/S 84
9 x""i:-v 3507
R/S 84
RCL8 3408
E 15
ST08 3308
CLX 44
RCL4 3404
E 15
RCL8 3408
D 14
ST08 3308
9 x""i:-v 3507
ST04 3304
9 x""i:-v 3507
R/S 84
9 x""i:-v 3507
R/S 84
LBL 23
D 14
+ 61
9 R-!- 3508
+ 61
9 Rt 3509
f 31
R-+P 01
RTN 24
LBL 23

KEYS CODE
RCL 5 3405
E 15
ST05 3305
CLX 44
RCL 1 3401
E 15
RCL 5 3405
D 14
ST05 3305
9 x""i:-v 3507
STO 1 3301
9 x~v 3507
R/S 84
gx~V 3507
R/S 84
RCL 6 3406
E 15
STO 6 3306
CLX 44
RCL2 3402
E 15
RCL 6 3406
D 14
STO 6 3306
gx~V 3507
STO 2 3302
gx~V 3507
R/S 84
9 x""i:-v 3507
R/S 84
RCL 7 3407
E 15
ST07 3307
CLX 44
RCL3 3403

t;.I~
I

E i~

E r~

El':l
Ei~

E i41

Ei41

El~

El:l
lEI.=:!

E IL~
IE !!~
IE II~
IE I!.
I~ !I -II

I

KEYS CODE
E 15
RCL4 3404
E 15
D 14
ST04 3304
R/S 84
LBL 23
D 14
9 x""i:-v 3507
9 R-!- 3508
+ 61
9 R-!- 3508
x 71
EEX 43
4 04

81
f 31
INT 83
9 Rt 3509
+ 61
RTN 24
LBL 23
E 15
f 31
INT 83
9 LST X 3500
f- l 32
INT 83
RTN 24

la NOP 3501

KEYS CODE
RCL1 3401
E 15
D 14
ST06 3306
RCL8 3408
E 15
RCL3 3403
E 15
D 14
ST08 3308
R/S 84
A 11
ST03 3303
E 15
RCL2 3402
E 15
D 14
STO 1 3301
RCL 3 3403
E 15
RCL4 3404
E 15
D 14
ST03 3303
R/S 84
A 11
STO 33
9 09
E 15
RCL2 3402
E 15
D 14
ST02 3302
RCL 34
9 09
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KEYS CODE
LBL 23
A 11
f- l 32
R-+P 01
f 31
R-+P 01
EEX 43
4 04
x 71
gx""i:-v 3507
9 LST X 3500

81
+ 61. 83
0 00
3 03
6 06
+ 61
RTN 24
STO 7 3307
E 15
RCL1 3401
E 15
D 14
ST05 3305
RCL 7 3407
E 15
RCL3 3403
E 15
D 14
ST07 3307
R/S 84
A 11
ST08 3308
E 15
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