APPROVAL SHEET

Sol Daniel Breeskin, Master of Science, 1956

The Application of the Gyrator Concept to Transistors

-’)I'Oiled- ;f/ r
I’I0. essor eoI{e Yo LOTCO '/8

Head, Department of Electrical
Engineering

Date:

ReIEARIATIA A 4 R MAALE Rcald  WAnal TN L




IHTRODUC TTON T I

L,
1X,
5

VIIZ,

TABLE OF CONTEJTS

VARTATIONS OF THE CONVEIITIONAL CYRATOR ., . . .
THE TUDEFINITE MATRIX o o o o o o o o o o &
APPITCATION TO TH TRANSISTOZ . & « & & &
IOADING TO 3IMULATE A GYRATOR . . .+ « « . &
CIRCUIT PROPLRTIES OF THE LOADED TRAISISTOR . . .

EXPERTIMENTAL RESULTS o « o « »
USEFULNESS OF THi GYRATOR CONCEPT APPLIED TO TRANSISTORS

® & & e & o o

APPLICATIONS OF THE GYRATOR & « « o o & « &

s o & & o & & o s s o o L]

SELECTED BIBLIOGRAPHY . . . . .

ii

12

16
27
30
31
32

Snnnt % Wbt e



LIST OF TABIES AWD CURVES
TABLIES

Pape

IDEAT; GYRATORS « o s o o @ & 4 &
II L GYELAJPOR E’\‘zUIVAILE’}I TS ) L] * L] L] . . L L] L L] * L * L ] . L ] L ] L ] L] . 18

IIT. SUMMARY OF CHARACTERISTICS &+ ¢ o s o o o o o s s ¢ s o o o o 22

CURVES

L. INPUT RESISTANCE VS. IOAD RESISTAICE . o ¢ & o & & &




THE APPLICATION OF THE GYRATOR
CONCEPT TO TRANSISTRS

by
Sol D‘.’[(grees IKkdn

"

Thesis submitted to the Faculty of the Graduate School of the
University of Maryland in partial fulfillment
of the requirements for the
degree of llaster
of Science

1956



INTRODUCTION

In 1948 the term "gyrator" was first used to define a non-reciprocal
passive network element.l Prior to that time, passive and reciprocal
were occasionally used interchangeably. In other fields comparable
progress had been made. Mechanical devices with gyrostatic terms had
been used. Electro-mechanical anti-reciprocal terms werec also used. In
the latter field, it was shovm that an electric current setting up a
magnetic field could energize a mechanical device that would convert the
motion baeci into electrical oscillations.? This was the closest analogue
to an electrical four pole, but would only be useful over a limited
frequency range. In each of these three fields, two equations represent
the action of the device, For all devices, except electrostatic trans-
ducers, a constant appears in one equation as a positive coefficient,
and as a negative coefficient in the other.3 Generally it can be ex-
pressed as

Alxl + A2x2 + A3x3 =¥
le’-l- + B2x5 “+ B3x6 = Vo
in which x and y are variables, and A and B are constants, with AB = -B3.

The gyrator was visualized as being a fifth passive circuit element,
in addition to the capacitor, inductor, resistor, and ideal transformer.
This new circuit element was to simplify the synthesis of 2-n pole net-
works mathematically, and physically, by reducing the computation, and

the number of elements required.

1. B.D.,H. Tellegen. The Gyrator a New Electric Network Element.
Phillips Res. Rep. 3:81-101, 19.8.

2. E,M. Mciillan, Violation of the Reciprocity Theorem in Iinear
Pagsive Electro-mechanical Systems. J. Acous. Soc. Am. 18:3451~3147.

3. B.D.H. Tellegen, op. cit. p. 91.



SECTION I
VARTATIONS OF THE CONVENTIONAL GYRATOR

The electrical gyrator, as first conceived, was an ideal passive,

non-reciprocal, four pole device.LL This is showm with different con-

ventions as indicated in Fig. 1.

Fl

= .3 o

Fig. 1 The Impedance Four-Pole

The associated equations are given by
Vl = le Il - 212 Iz (l)
V2

i

=421 Iy + Zpp Ip.
As it was passive, with no loss
le = 222 = G,
The non-reciprocal feature occurs by letting
Spp® = a
Zpi® 8
This defines (s) as the gyration resistance. Then
VZ:—SI].'
Similarly, gyration conductance (G) can be defined as
G:—l‘,
3
Using different conventions, this i1s used in an admittance four

pole shovm in Fig. 2.5

L.
5.

Ibid, p. 87

Jacob Shekel., The Gyrator as a Three Terminal Element.,

PI‘OC. Io Rc Eo l.l.l: lO]J.l.
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Fig, 2 The Admittance Four-Pole

H
i

R
I, = ~GV;. (3)

The impedance gyrator, with arrow going from input to output, repre-

sents +s, The admittance gyrator, using + G, is also showm in Fig. 3.6

i NAT o S ‘
* ! I ) G 1
. v l — |
Fig. 3a The Impedance Gyrator Fig. 3b The Admittance Gyrator

The main property of the impedance gyrator is that the input impedance
is the inverse of the termination with a constant multiplier (s2). This
implies that a capacitive reactance (3%5) in the output will look like an
inductive reactance, with an inductance, L = $2C in the input. Also this
causes two impedances, Zl and 22 in the output to appear as two impedances,
E%, %2 in parallel at the input. In addition, if the output is shorted,
the input appears open, and with no load, the input appears shorted, This

can be shovm for the impedance basis from the equations below,

6. H.J. Carlin. On the Physical Realizibility of Linear Non-Reciprocal
Networks. Proc. I.R.E. 1;3:608

e aa amsiite catunia L 2nat hmetd @

[ BT, R,



Vl = 4 SI2
V2 = - sIl :
oV o ds -5
e & % 5 AL ()

where the minus sign denotes a reversal of current in the output from the
conventional direction. The admittance gyrator will give a similar result,

Other properties can be found similarly from Fig. L.

.
L3
]

T 1\ s AT | Z | 1 1« G 1-;21«
Eg v Yag by 1 r, 1 V92,

Fig. lla The Terminated Fig. 4b The Terminated
Impedance Gyrator Admittance Gyrator

The output impedance of the gyrator would be the impedance presented

to the load by the source through gyrator action, i.e.,
2

= e B i
out zsource'

The voltage amplification (Av) can be found by using Eq. (2),
V

v VA
A= -gi= - gL (5)

2

¥y

Similarly, the current amplification (Ai) can be found from Eq. (3),
I, =GV, = G(-I, Ry)

AP - S R -
Mo=-18 = ozz = -3 (6)
The Transducer Power gain, (Gt)’ for a matched resistance input and

matched resistance output can also be fonnd,7
I,.2 R T IR Io V
- 2 . L' - 2 —g-L = g 2 — Aj..'A
%0 m T - TR, IE 1 )

) P,

7. I.R.E. Standards on Audio Measurements, Proc. I.R.E. Lh:671



which is logicalyas the gyrator is assumed to be passive with no loss,
In addition to the conventional gyrators; other configurations could

be used with changes in their associated matrices, as in Table 1,
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SECTION II

THE INDEFINITE ITATRIX

The indefinite matrix on the admittance basis can be proved as
:E'ollows:8

For an n-node network let Iik be the current from node (i) to node
(k) then,

Iii = 0 and Iik = = Ipse

TLet Ii be the current entering node (i). Then, as the current enter-

ing a node must equal the current leaving it,
L, o+ g;lki = 0
L = &TLi-
Summing the equations for all nodes,
,in + ?%Ild_z 0 = Ly Pusslls k= 1y Zissn
Lis = 0, Ijp = =Ly »
EELy =0
I, = o. (5)

This shows that the current entering the network equals the current
leaving it.

Let V; be the voltage of the (i)th node with respect to an arbitrary
reference voltage.

Then,

[z} = (x1[v].
let all V in the colum matrix be zero except Vj then,
L o= 34 %) = V3335
As ? Iﬁ 0 wias showm abowve, then

0=Vy2 Y43 with V5 # 0

8. Jacob Shekel. Voltage Refercice Node. Wireless Engineer 31:6-10



As this is true for any V'j s then

or Ylj * Yzj -+ oo e &j = O’

which proves that the sum of the rows = 0.

As the voltages only depend on differences, an arbitrary voltage, V,,
can be added to each V;. Then the current into the (i)th node will be

B = %Ij_k (Ve + Vo) = Vo éYik > ?;Yik Vi

and, as the currents do not change with the addition of Vo » this means

that

I = 24,V

so  V, é Ly =0.
As this is true for every I;, this shows that V, is not zero, so
$£Y, =0 (7)

or Yll + le + Y13 + s Yln

which proves that the sum of the columms = O,
To change from one comnon grounded terminal to another, a transforma-
tion must be used.
The first step is to define a new voltage matrix V' in terms of the
old voltage V.
(v]=[a][v]
where A is a rectangular matrix. New currents I' are then defined in temms

of the old ones, I.

' = A‘tI
vhere At is the transpose of A. This is necessary to kecp the power invar-
iant. Then, to keep the new admittance matrix Y' invariant, using Y as the

new one,

(v} [, ](x][4] (8)
When this is applied to a i x L indefinite matrix it can reduce it to

a 3 x 3 by eliminating a row and colum. For example if Vy, =0, then



- =
1 o ©
0O 1 O
A=
O 0o 1
:2 0 94 '
This would eliminate the fourth row ar’ cr)lum, Similarly if a 3 x 3 were

used and

l_.l

Vo=V - Y, fori =123

then a new row and column is formed, cac. row and colurm totalling zero as
shown before,
This idea can be applicd to » fowu ' :rminal gyrator. As a real gyrator
Will have to have some losses in it, .. 'osses can be taken into consider-
ation in a general four terminal mot i’ Let
G = ;e‘ (YJ.Z - YZl)’
then

o Hal | 1T oy el

in which the second part is the syraet ic 1 part, and the third part is the

wmsymmetrical part.

This can also be done on the impmed-nre basis, The general admittance
matrix can be changed into the iniefinit admittance matrix by completing
each row and column to add up to zero. Len the result can be broken dovm

in symmetric ond skew-symmetric portions, i.e.,

v 1 i : g | 6 & -3
1 he  hy Sy 10" T3+ -G
I Y50 153 = s o 1+G YQ / Y2 B—G + |-G O G
L1 L, I T & Tgpel B3 Lf -G of.
S i Fe—— R etaamans | PR

9. LM, Vallese. Understanding the ¥ tor. Proc. I.R.E, I3, Part 1:483



10
Similarly, the impedance matrix can be brought to the indefinite
form, and then be broken down,
211 -212 _213 zll -Z12—s -Zl3+s 0 8 as
"221 222 -223 = ~Zoy+s  Zoo -Z23-s + |=s 0O +s
-231 _232 233 : _231_5 -232+s 233 435 =5 0] "
If

Generalized gyrators can be used in the general indefinite form.
the input ig actually 1, 3 and the output 2, 3, then disregard gyrator be-

“Ween 1 and 2, The combinations of the indefinite impedances and admite

tances with gyrators are shown in Fig. 5.

2

I - (-232-0-5 )
Zp

Fig Sb The General 3 Terminal Impedance Network

s LR S O S e T 1

mEsth et ten, gy L
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The three terminal general matrix can be converted into a conventional
four pole by crossing out the row and columm corresponding to the tcrminal
chosen as common to input and output. The remaining elements in the matrix

mist then be re-numbered to maintain 1-1 as input and 2-2 as oubputb.



SECTION IIT
APPLICATION TO THE TRANSISTOR

The values used for the transistor are the low frequency values for

it,
The elements corresponding to those for the indefinite matrices and

£i
gures can be substituted.

letd = ry (s 1,) + 1, 1, (1-2)

Then,

Gi=(rysr) £ I,= - 2 Iy = - 52

T, = ".‘.(.fbfffsl Ly = = b L3 = CAre
Y, = i‘i‘iz'_‘fg L, = - ge Y = 'af%fgifg
4y = To+Ty 2y, = * Ty 213 = 41,

221 = ear_en Zop = Tptrg bpg = =aTo+r,
%31 = -arger, b3p = ¥y %33 = Tetre-arg

In the figures, terminal 1 represents emitter, terminal 2 collector,

3nd termingl 3 base.
As an illustration, the grounded base could be found from the admit-

tance . -
ance matrix by crossing out the upper gyrator section, and line and column

3 " ,
) reculting in the matrices below and Fig. 6.

ar
T s 31l1%%¥, ~(ry+ —Eg), ar |0 1
- e ——
‘A ~(ryrar,) T 1y (I‘b*‘z rety = I 0
1 — — 2
] L b 4]
4] f’I‘(r&r@:) S 7 5lre- 5= 2 T,
[ ] =" — f

Fig., 6 Gyrator Equivalent for the Grounded Base Transistor

AaTiha LW WLRust iryE L

Tarmahreaveng, y ol
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Similar1y3 the others could be found for the impedance and admittance

basis 3
In addition to the impedance and admittance indefinite matiices, a

®Ombined matrix can be used for the hybrid parameterss,

1 a4 AR 0 r, (1-a)e;
A5 -(rb+arc)il e, 0 0

. 0 0 Al res

= B X 0 (-rpmar)i, e .

For grounded base: Cross out rows and columns 3, L and use matrix

For grounded emitter: Cross out rows and columns 1, 2 and use
Fg:FE(izgy .
For groundeq collector: Cross out rows and columns 2, 3 and use

multi
iplier E-‘;;.I_‘;%I:ay .

Multiplier

D

S b L N

SRl g

ETE e



SECTION IV
IOADING TO SIMULATE A GYRATOR

Loading can be accomplished by placing a conductance in parallel with
each one shown for the indefinite case.10 If the two are opposite in sign,
the pure gyrator will remain. For the indefinite impedance figure, series
resistors of opposite sign to those of equal value in the circuit would do
the same thing., Then, one terminal could be grounded, and the opposite
pyrator could be removed resulting in a I} terminal ideal gyrator. In this
process, using actual transistor values some compensating elecments may be
of negative value, These would require some awdliary equipment, and under
certain conditions may not be constant enough. Therefore, a practical
method of loading would be to examine the three terminal gyrator, and de-
termine what simple loading with positive resistors, or conductances would
produce a gyrator with a residual amount of loss.

Considering an actual point contact transistor

Zy =1, - 359 = O when a=2
which is not difficult to obtain., Zp can be balanced out by a series
resistor,

Zg = r, -r_ for a=2,

c e
For an admittance basis, the same is true when

YB' = f%gsg when a = 2 and A is greater than O,

But, when A is less than 0, the only positive resistance to add is

Yb' = Eg;§9 when a = 2,

If it happens that a = 2 will make A = O, then the admittance

mabrices are undefined.

10. Jacob Shekel. The Gyrator as a 3 Terminal Element. Proc. I.R.E.
131:101)-1016



These changes, applied to the mabtrices, can be seen by changing the

element affected in the matrix. IFor the admittance matrix with a = 2,

e I'n = I'g
Pp{Tg=Tg) *+ Telg

The resul® for the symmetrical part of the indefinite matrix can be found

b3

1
as follows: Y23 and Y32 become zero, Y22 and Y33 have IB added to them,
The result is

T+ T, =Ty, = T, 0
2, ~(r, 1) T+ 0
Al b c b c

0] 0 EU

where Al =Awith a = 2., The 3 terminal matrix for the unsymmetrical
gyrator remains the same.

Similar results will occur for the other methods of loading.



SECTICN V

CIRCUIT PROPERTILS OF THE LOADED TRANSISTOR

Circuit properties generally used for transistors with resistance
loads and sources are input resistance, output resistance, current gain,
voltage gain and transducer power gain., For the grounded collector, using

series loading of the emitter, results are shown in Fig. 7.

é{, YTy o B b S
a= 2 2%
- 5
Fig. Ta Actual loaded Transistor i Jyroboe wquivalend

adja = -g—
Input Resistance = 1, + r, + B .

L
p 2
Output Resistance = --—;—9-——— - .
"o g
o
Current Amplification = - Ri .

roBy,

Voltage Amplification
re” + (1perc) R

2
-
Transducer Gain = G

re< + (rp*re) Ry
This illustrates the simplicity of calculations using the gyrator con-
cept. The input resistance is the loss plus the reflected load. The output
resistance is the reflected input. The current amplification is the value
found from the gyrator matrix.

Current lification . 2 = - .
Amp on (A) i i

Voltage Amplification (Av)

Ry,
Ax%; - - rbzf?;‘z TR +'Tﬁ£ -



LT

2
il r 161
Transducer Power Gain (Gy) = Ay Ay = RS’.‘ : 2° M = —p ¢
5w ’(rb"'rc)RL -2 -o-(rb-g.J:'c)R,L

The procedure to use for shunt loading is to select the point contact
transistor that will operate at a = 2, At that operating point check the
four terminal parameters and compute 4 ,

Examples of loading with the resulting characteristics are shovm in

Tables 2 and 3.



TABLE IT
GYRATOR EQUIVALENTS
Type A
Actual

—

% ZC Grounded Base
—/ N/ '-‘V,>/—,
e N1 4B
S

Grounded Emitter

Grounded Collector

18

3%

Sy




TABLE II (Cont. )

GYRATOR EQUIVALENTS

Type B
Actual

-ZA a= 2 i

YA
72

Grounded Base

Grounded Emitter

Grounded Collector

17
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°3
%
Sz
Cy
“o
1 5
<
i
Cl 53
—

TABLE II (Cont.)

GYRATOR EWUIVALENIS

Type C
Actual

a= 2

A+ greater than O

X_[—

Sy
B

Grounded Base

Grounded Imitter

Grounded Collector

20
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pABIE II (Cont.)
GYRATOR EQUIVALINTS
Type D
Actual
a= 2 Dq less than O
’ﬁz‘
//
Sy
Grounded Base Bl
R %
.
7By
P AN—T——
G,
Grounded Emitter
—>
Grounded Collector yBl ,g
&
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TABLE III

SUMIIARY OF CHARACTERISTICS

Case 1

Grounded Base

CURRENT AMPLIFICATION

Case 2

Grounded Emitter

e DB - 8
Thtro+RL To(I-a)+Te*h],
+2T, To
I‘o"‘FEzﬁi - R
Al( TH+2re ) _ é 1
A7 (rp+rg )+Tg 2Ry, TeRL
- i=2 (=87) (2Tg~To)
rcR:]I'_-,l =A 1)( rc-re)a-rczRL
s—
R
VOLTAGE AMPIIFICATION
(arcarp Ry, arg-re)RL__
AX(Tosrn) KL, - el AL
(Tb#2re)Ry, __=Tely,
rcé.;.( rb"'rc)RL ro“+(ry+rg )Ry,
{Xo4270) L . .
AT*(MpaTg Ry, | AT (Tpero Ry
-reRL, (2re=re)RL,
(- Al) ‘-(I‘c-rejRL (- 31§+2 rc—rgRL

2
S

Case 3

Grounded Collector

L
PETI-a)FFoeH],

r
R

A1
TcRy,

-(-471)rg
(=A7)(re-re)+reeRy,

e
A3 (rper )Ry,

ToRy,
rec+(rpere) Ry,

R
Pt oy
o=

22



Type

=

TABLE III (Cont.)
SUIMMARY O CHARACTERISTICS

Case 1 Case 2
Grounded Base Grounded Emitter
INPUT RESISTANCE
A+(re+rp) R, As(re+rp)RL
The oy, reai-f-;'('I:%)'IRL
ra2a( )R 2 R
g+ (Tpere )Ry, ToZ+(rparo)RL
TH#TotERy, Ry,

Ay lapamperyBi] | 23 (rore) ]
A7 (1,475 ) +1g 2Ry, TcCRy,

23

Casc 3

Grounded Collector

Ae(To*re) Ry,
To*Ta (. I;E)’IR}_:

T 21- ( IHtre ) Ry,
b,

2y [a1+(RyrTe) B ]
_l__l;;gr%i.g__L_

=07 [~474 R (Te-Te)] =0y | 4y Ry (Te- o)l L2 )
cmRL -4y rc-rej-prcdRI' "Al(rC"re)“cmRL
OUTPUT RESISTANCE
A+ (ThTe A+ [roar, (1-a)] Ry o+ Te#lo(l-a)Ry
ToeTp* Te#TptRy I‘b"'l‘c“Rg
r 2+ (np#r, )Ry x2 2
Th#To*Ry rb-'-rc-!-R'g' Tp+ro+h,
Ay]A1e(nar )R ] 212 442
21 (TpergJ4r 2 R, £ (Tp+T, ) ¥, 2Ry &1 (rpaTe Joro 2R,
o zoy [eoa(remrgdRe] | 2(0g#(Teore) e
_Al(rc-re)-!-rcdﬁg =A1(To=Tg) 41, Ry To2R,

s
Rg



Type

Q

4

Grounded

Base

Imitter

Collector

Base

Emitter

Collector

Base

Emitter

Collector

Base

Emitter

Collector

TABIE III (Cont.)
SUMMARY OF CHARAGTE RLSTICS

GATN

(argeny, oy
(Tp+re+Ry) [ #(Th+rg)RE ]

(8Tx~Te
(re-rrc-a.rc-;-ﬁl‘) [ A "'(I‘b"'re)RL]

rbzRL
(re*ra-are+Ry) [a +(rp+re)RL ]

_(Tbe2T, o) Ry
(To+Te*RY) [rg2n(Ty*re)RY, |

r2
rbz*(rb+rc>RL

r.2
c
r02+(rb+rc)RL

Aﬁl(rb‘zrb)znl ~
(AL 1e) R, JL A, (Forre)+hize? |

VA

a1
A1+ {rp*Te)Ry,

(~44)
(=487)+(re~re )Ry,

lzRL

T=%e L1)(2r
rc-reS:%; Rl [ (- Al)"(rc“re)RL?

rngL
(=a1) (rc"re)"'rczRL

i
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In the tables, the following abbreviations were used, with the cur-

rent and voltage conventions of the admittance basis. Case E is an ideal

gyrator,
ar ar, _ ar
ZA= I‘e- -En ZB= I‘c- —Eg ZC— I‘b+ —‘éc
A:rerb+rbrc+rcre-arcrb
Aq= Avwhen a=2o0r A=sr Iy + T, T, -1, T
e ar, ar,
A= 5 (re - 358 mpE g (re = 38) 3= A (o + 5f)
1 1
= == (rp, - r = == (1, + 1,)
YBl =a] ( c e) YCl A7 i c
(=47) (ro-re) 89 (¥p + 1)
Z, = efel Z. an +r A
45 A Co ™ c Cy r:g
. W
yCZ- Te
- 2T ar,
6= s,= =3¢
= ik
Go= o 8,% T¢
T Aq
G3— Eg 53= -I_‘;
Gh: zg— Sy m - e-]-'
Ay L c

The tables show various results of loading and can be analywed as
follows., The input and output resistance of all types of loading are al-
ways positive which is logical as all the negative resistances were
absorbed by the loading. With all types of loading the absolute value of
current gain varied inversely with the load resistance, which is the
property of the gyrator. The current gain and voltage gain for all types
of loading have the same sign, which can be seen by inspecting the equiva-
lent gyrator for each case. The sign is 4 if the arrow is left to right

from input to output which is the normal direction for the gyrator. The

i wmwm



i

power gain is always 4+ and less than or egqual to one for all types of
loading, due to bthe circuit not being active, i.e, no negative resis-

tances.
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SECTION VI
EXPERTMENTAL RESULTS

s th .
Siop ., © 8yrator action, the gyrator property of impedance inver-

The input resistance was measured for grounded base,

. and grounded collector, using series loading for two
Ntact, ; '
Sez‘ies translStOI‘S, 2N32 and 2N32A. The method used was to adjust

Gcad : _
®Quay - © box unti the vacuum tube voltmeter reading across it was
t

L o Vacuumn tube
olStOr' 13

2

voltmeter reading across the input of the loaded

The circuit used for the grounded base is shown in Fig, 3.

s /. |
oy & o —n =3
) 10 MF
500k 10MF 1, / o132
ll [ 500543125, 6K l 100K33761]

Rip—> B

) Method of TeSting

8 4 .

transis e Procedure that was used. First, the operating point of a
or .

the Vequ s foung With am2 when the output was short-circuited. Then

Of i 3
output T °011ecf,or resistance was found by measuring the open circuit
esis
tance, 8rounded base at the same operating point. This value

Ve sl o
J‘”lation b Tes but as r, is much greater than Ip, it is a good approx-

12

r ;
Tesygy €* " Setting the series resistor in the emitter arm the input

Ce
°f the 1oadeq circuit is measured for grounded base, grounded

13
Neyr .. Leg
Yo Rar i
1 Tk, 19?&?;&25' Fundamentals of Transistors. dJohn F. Rider & Co.,
Nep, YbE; P ' :

vk, 5 Sheg,

1953 3« Principles of Transistor Circuits. John Jiley & Sons,

* Pe 337

G
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28
emitt
er
Ad groyy
I‘c =, ded collector, This value was a good approximation to
Re ul
ts for +
are Showmy the 2N324 and 2N32 were comparable., Those for the 2N32

FOI' a2
*he gro .
Tere Unded base, the variation of input with changes in load

© sligny
wg 4 =*% %o be noticeable, However, results for grounded collector

Undeq eMitter oam

appl‘oac e within 10% for the range from Ry = arg to R

Below arc the error increased, due to accumulation

o v, ) aining 4 = 2 , and the loading resistance approximation

= the supp1y impedances were sufficiently high to disregard,
the .
€rrors introduced when the input resistance, or load resis-

tOO high




00¢

00T

STHOTTY - SONVISISTH

avor T

S¢

o€

19

sn

) 02 § } DA
i
& L E
ity et
4 T N
g% Hl i |
SR, <L WP gl I
ik b IlthN..llr 1} el 41
I +|«Ji110_il. STV rtl..uﬁ' — T —] / .otSi e
L . | . Al | | L.l b e ]
[T 1 | ~J ]
2 i " g 8 | N L
o} [T ! RNl P ! | LI e
il peiiam fr.L Hl 1;11<YL4 3 L 1S __1_7 { M _r» | i
AN m ERIEs4I ATAALERE ST _ _ w LI A | N
22285 EL gl 1 sr gl le . | Sy E SN i N L. i RS
2198 L] Tl ; =Rk Lol i ]
i rrITT bl (WBNIE S ﬁ ] % b N : : [ TI N NNnE S 0] W
I L | - (NG L LK )
i - . S D < | 1
1.& M i “ _ 1, _ _, w.«;f.fIJ_f | ﬂ w
{all 1. {NIL 3 Y | L L
jili i | : | | ! | Y . L i B
_ ,b i w B | _FL ,.F N, _ ! | ]
| T I ! FEEEWS ANREN N \ | Iid
il I } | =5 =3 Il | 417 | g s
L 1. ! it BTN TN [ | (1
A Pttt {0, Bl SEENNY
[ ] ALY LT L B } | ; 1.5 PN | i
i ; L Loy | L NI L] i S0 2 ]
_ | EeE L /f | ue s 1]
e e 13, ! Ll i | )
I ~ I * | . | | i w L_! _/ _T‘
_Llllll T IS R TR RO ML. ! b * | m& H1T ﬂ/ Ty
i i i Qi BY WL T o . \
i * | IR TR TR L N TN | ERRWY
j i gt | ! i | AN LT TR
4!.[ Il i i WIS ~ ! 1 /. } ‘A P . .
AL I} — _ it ﬂ‘LFH /
A I I "N N SN 5N
X LN
il ATl XN\ iN 11
5 i Wi Y 8! i
EFEPa Hi { | BEEE N\ nE
%ﬂ Lk | : ALES _ | v.ﬂ/n /h . .
| i B
AES Ik MBS - 1N ./ e —

IENE vOH edsr
TOIRTROTES IDVINOD INTOS

0s

£22

ton

e e



SECTION VII
USEFULINESS OF THE GYRATOR CONCEPT APPLIED TO TRANSISTOXS

As a negative resistance is necessary, for activity and instability,
the gyrator equivalent circuit method showing it explicity for one fre-
quency will aid analysis of a cireuit.t3 If power gain is not desired,
Just a non-reciprocal coupling, this negative value can be cancelled by

loading. The circuit will then be passive and stable.

This equivalent circuit is similar to the two voltage generator cir-

cuit, or current generator circuit.l)" These are shown below in Fig, 9.

* N\ : 'A% »
18_9 i | : + * : 422 Ic
. V= 21210— = Tad07 -
Fig. 9a Voltage Generator Equivalent
'Y

+ 1-1 = 1 <« 12
Y11 % J l, § 22

rig. 90 Current Generator Equivalent

This would be a gyrator if 212 = =Zoy
antl. Pyo ® “Foy

13.  Jacob Shekel. Reciprocity Relations in Active 3 Terminal Elements.
Proc. I.R.E. 42:1268-1270

1. Vallese, loc. cit.



SECTION VIII
APPIICATIONS OF THE GYRATOR

The main use of the gyrator is as a non-reciprocal device. The
transistor has a low reciprocal impedance inherently, compared to the
vacuum tube. If the gyrator aspect of the transistor is emphasized more,
the similarity between the transistor and vacuum tube can be made closer,
As a buffer circuit, the more the circuit resembles a gyrator the better,

ihen the gyrator idea was first conceived a physical unit was con-
structed with disappointing results, however, the media necessary and
the type of construction necessary were postulated. Since that time the
field of ferrites has opened, and at microwave frequencies gyrators have

been made for non-reciprocal couplings.
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