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I/ 

INTRDDUCTIOH 

In 1948 the term 11gyrator11 v1as first used to define a non-reciprocal 

passive netv10rk element. 1 Prior to that, time, passive and reciprocal 

were occnsionally used int,ercha.ngeably. In other fields comparable 

progress had been made. Mechanical devices with gyrostatic terms ha.cl 

been used. Electro-mechanical anti-reciprocal terms vmre also used. In 

the latter .field, it was shovm that an electric cur:cent sett,ing up a 

mat';netic .field could energize a mechanical device t,hat -,-rould convert t,hc 

motion bac '.•: into electrical oscillat.ions. 2 T'nis vras the closest. analogue 

to an electr-lcal .four pole, but would only be useful over a limited 

frequency range. In each of these three fields, two equations repreaent 

t,he action of the device. For all devices, e::cept electrostati~ trans

ducers, a const,ant appears in one equation as a positive coefficient, 

and as a negative coefficient in the other.3 Generally it can be ex-

pressed as 

A1x1 + ,½x2 + A3X3 = Y1 

B1x4 + B2x5 ~ B3x6 = Y2, 

in which x and y are variables, anu A and B are constant,s, ,·Ji th -A:3 = -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 mat,hematically, and physically, by reducing the computation, and 

the number of elements required. 

1. B.D. H. Tellegen. T'ne Gyrator a Ne~v Electric Netrrork Element. 
Phillips Hes. Rep. J:81-101, 1948. 

2. E.:M. McMillan. Violation of t.he Reciprocity '.ll1eorcm in Linear 
Passive Electro-mechanical Systems. J. Acous. Soc. Am. 10:344-347. 

3. B.D.H. Tellegen, £12• cit. p. 91. 



SEC'rIOU I 

VARL'I.TIONS OF THE CONVEU'ITONAL GYHATOR 

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

non-reciprocal, four pole device.4 This is shown with different con

ventions as indicated in Fig. 1. 

Fig. 1 The Impedance Four-Pole 

The associated equations are ~ven by 

V1 = Zu I1 - Z12 I2 

V2 = -Z21 I1 + Z22 I2• 

As it was passive, with no loss 

Zll = z22 = O. 

The non-reciprocal feature occurs by let·ting 

Z12 = - s 

Z21 = + s 

This defines (s) as the gyration resistance. Then 

(1) 

v1 = ,.. s I 2 (2) 

V2: - s I1. 

Similarly, gyration conductance (G) can be defined as 

G = - !. s 

Using different conventions, this is used in an admittance four 

pole shovm in Fig. 2. 5 

4. Ibid, p. 87 

5. Jacob Shekel. The Gyrator as a Three Terminal Element. 
Proc. I.R.E. 41:1014 



I1 ~ 

t [ x] Vl 
I 

I•'ig. 2 The Admittance Four-Pole 

Then, 

I 1 = GV2 
I 2 = -GVp 

3 

~ I2 

t 
V2 
I 

(3) 

The impedance gyr::i:t.or, with arrovr going from input to output, repre

sents ~s. Tne admittance gyrator, using+ G, is also shown in Fig. 3. 6 

Fig. 3a The Impedance Gyrator Fig. 3b The Admittance Gyr::i.tor 

The main property of the impedance g-.rrator is that the input impedance 

is ·t,he inverse of the termination vrith a constant multiplier (s 2). '!'his 

implies ·that a capacitive reactance c3,k) in the output ,till loolc like an 

inductive react,ance, with an inductance, L • s2c in the input. Also this 

causes tvro impedances, z1 and z2 in the output to appear as two impedances, 

s2 ~2 z1, 22 in parallel at the input. In addition, if the output is shorted, 

the input appears open, and vd. th no load, the input appears shorted. This 

can be shown for the impedance basis from the equations below. 

6. H.J. Carlin. On ·t.he Physical Realizibili ty of Ll.near Non-Reciprocal 
networks. Proc. I. R.E. 43: 6o8 

,, 



v1 = + s12 

v2 = - sI1 
Z . Vl 2 I0 in= !1 = -s V2 = 

4 

-s2 z---, 
load 

(4) 

,mere the minus sif;U denotes a reversal of current in the output from the 

conventional direction. The admit,~ance gyrator will eive a similax result. 

Other properties can be found similarly from Fig. 4. 

E s 

z~ u 

Fig. 4a The Terminated 
Impedance Gyrator 

Fig. 4b The Terminated 
Admittance Gyrator 

The output impedance of !;he gyrator would be the impedance presen·l;ed 

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

z t = z-~---ou source• 
The voltage amplification (Av) can be found by using Eq. (2), 

(5) 

Similarly, the current amplification (Ai) can be found from Eq. (3), 

I 1 : GV2 = G(-I2· R1) 

Ai = - !f = n~1 = - z~ C 6) 

The Transducer Povrer eain, (G:J, for a matched resistance input and 

matched resistance output can also be found, 7 

Gt;= (~/ . :~ = ~ • !gRL = !2 . VV2 = Ai· Av 
1 ~"in ~1 I1R.i.n Ii 1 

- (- ns-) (- ~b) = 1, L s 

7. I.R.E. Standards on Audio Measurements. Proc. I.R.E. 44:671 



which is logical, as the gyrator is assumed t.o be passive '.'::i.t.h no lo::;;:;. 

In ad.di tion to t.he conventional g,.rrator, other configurations could 

be us ecl with changes in their as 0.;ocia t. ed mat.rices , as i n Table 1. 
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SEC'EIOU II 

THE IlIDEFIHITE E.ATilIX 

'llie indefinite matrix on the admit,tance basis can be proved a3 

follows: 8 

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

(k:) then, 

Iii = 0 and Iik = - I1d• 

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

ing a node mu.st equal the current leaving it, 
... 

½. + ~I 
Kol kl = 0 
.. 

I. = ~,Iik • 1 

Summing the equations for all nodes, 

I I-
1 1 

I·. ll = o, 
~ { Iki. = 0 i = 1, 

I ik = -Ild' 

~ ~ Ild = 0 
I I< 

~ I . - O. 
i J.. 

2 ••• n, k = 1, 2 ••• n 

This shows that the current entering the network equals the current 

leaving it. 

( .5 ) 

Let, Vi be t he voltage of the (i)th node with respect to an arbi t.1·ary 

reference voltage. 

T'nen, 

(r1 = (y 1 [ v] . 
Let all Vin the column matrix be zero except Vj then, 

1(Y . . V.) = V.~Y ..• 
; J.J J J j ""'i.J 

= 

= 0 vras sho,m above, then 

0 = V. ~ v . . 
J I ~J with vj t- o 

8. Jacob Shekel. Voltage Refer ence Node. Wireless Engineer 31:6-10 
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As this is t,rue for any vj, then 

~1i. 
I J = 0 (6) 

or ylj -t- Y2j + ... ~j = o, 

which proves that the sum of the rovm = o. 
As the voltages only depend on differences, an arbitrary voltage, V0 , 

can be added to each Vi. Th.en the current into t,he ( i) th node ,n.11 be 

Ii = ! 'Yi.k (V1;: + Vo) = Vo ! Y:i.k + { "Y:i_1c Vk 

and, as the currents do not cha.n.1e w:i.:t.h the addition of V0 , ·t.his means 

that 

so 

Ii = f 'Yi.1l k 

V0 \ 'Ys_1:: = o. 
As this is true for every Ii, t,his shows the.t V0 is not zero, so 

i Y., = 0 
I< J.K 

or Y11 + Y12 + Y13 + • • • Y1n 

·which proves that the sum of the columns • O. 

(7) 

To change from one common 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 vol·t.age V. 

[ v) = [A][v' J 

where A is a rectanGUlar matrix. New curren·t.s I 
I 

are then defined in terms 

of the old ones, I. 

I' = At_I 

where At is the transpose of A. This is necessary to keep the power invar

iant. Then, to keep the new acbnittance ma·t.rL-.c Y' invariant, usine Y' as ·t..t1e 

nm, one, 

(8) 

When this is applied to a 4 x 4 indefinite matrix it can reduce it to 

a 3 x 3 by eliminatinr,; a rmv and column. For example if V4 = 0, then 



A= 

1 0 0 

0 1 0 

0 0 l 

0 0 0 

9 

This would eliminate t h e fourth ro·:; :u' r, >lumn. Similarly if a 3 x 3 Yrere 

Used and 

for i "' l 2, 3, 

then a nmv row arid column i s forncd, crLc. rorr and column totalling zero as 

shovm before. 

'lliis idea can be applied ·to ' fo Lr · inninal gyrator. As a real gyrator 

will have ·to have son e losses in it, ·,,: '.osses can be taken into consider-
') 

ation in a genera l four t erm:L:1;-tl r.1,.., t, ·i :. ,, I.et 

then 

6~ ::j : ~:+G ~2j + [ : ~, (9) 

in i'lhich the second part is the ·,yr' ;i_et '.i. 1• 1 part, and the third part is the 

unsymmetrical part. 

This can also be done on the inpcd- nr:e basis. The general admittance 

matrb: can be changed into t,h e in·lefini t ad.mi Uance matrix by completing 

each r017 and column to add up to zero 1'~1en the result can be broken dovm 

in oymmetric ond skew-symmetr ic portion'J, i.e., 

yll Y:i.2 Yi3 ~l Y12- . Y13+G 0 G -G 

Y21 Y22 Y23 = Y2l+G Y,,, Y23-G + -G 0 G 

Y31 Y32 Y33 Y31-G y. ")+(J 
.) '-- Y33 G -G 0 . 

9. L.M. Vallese. Unde rstc'.lndine; the } tor. Proc. I.R.E. 43, Part 1:483 
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Similarly, ·t;he impedance ma-brix can be brought to the indefinite 

form, and then be broken do,m, 

zll -zl2 -Z13 Zll -Z12-s -Z13+s 0 s -s 

- 221 z22 -Z23 = -Z21+s Z22 -Z23-s + -s 0 +S 

-z31 -z32 2
33 

-Z31-s -Z32+s Z33 .f.s -s 0 . 
Generalized gyTators can be used in the general indei'inite i'orm. Ii' 

the input is actually 1, J and the output 2, 3, then disregard gyrator be

tween 1 and 2. The combinations of the indefinite impedances and admit

tances w:i:t;h gyrators are shovm in Fig. 5 .. 

l 
r, ➔ ~ L -

= - 21""G 2 

3 

Fig. 5a The General J Terminal Admitt,a.nce Ifotvrork 

3 

Fi.g 5b The General 3 Terminal Impedance Net work 

; 

• • 
J 
j ., 
s 
' 
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'l'he three tenninal general mat rix can be convert,ed into a convcn-t;ional 

four pole by cross ing out the rovr and column corresponding to the terminal 

chosen as cormnon to input and outpu·t;. The remaining element;s i n t.he ma·t;rix 

must then be re-numbered to ma~ntain 1-1 as input ancl 2-2 as output. 



SECTION. III 

APPLICATION TO THE TlWJSIS'IUR 

The values used for ·the transistor are t he low frequency values for 

it. The elements corresponding to ·!;hose for the indefinite mat rices and 
r· 
l.15Ures can be substituted. 

Let Ll = re (l'b + re) + 1b re (1-a) 

Then, 

Y11 = (rb 1 r. re 
+ r ) - y12 = - _12 \3 = - Li-

C 4 .6 

Y21 = :1:12~~:~1 r +:12 
tz3 = 

,::c-rg 
y22 = -~--

4 ~ .,1 

y31 = ar -r - :~ Y33 = 
-ar0•r0 +r8 __ i;_ __ ~ 

Y32 = --------
4 ,1 4 

zll = re..,rb Z12 = + rb Z13 = +re 

221 = +ar
0

-t-rb Z22 = 2b+rc 223 = -arc+rc 

231 :: -ar0 +re Z32 = +re Z33 = r8 +r0 -ar0 

In the fif.;UI'es, tenninal 1 represents emit ter, t erminal 2 collec tor, 

and t enni.nal 3 base. 

.As an illustration, t he grounded base could be f ound from ·!;he acl.m:i. t-

tance mat · ... t · d li • rix by crossing out t he upper gyra uor sec i on, an ne and col wnn 

3, r esu.J.t i ng in t l1e matrices below and FiG0 6-

y :: 1 /ib+r c -rb l - 1 r Io+rc 

4 l:( r b•arc) r e+~ - . 'i L:(rb+:;~) 
--~ ar Lo 
2.1 - 1 

Il r:-~-r-------.-_,J£V\r-ar------::ir---------,---.r,:I2 

Vl "\i ar !Crb~) !(re- :::~)~ V2 

I 
-(~-~) ar ~ 2 
LI C 2 ~ -?.i 

Fig. 6 Gyrator Equivalent for the Grounded Base Transistor 

.. 
' .. , 
·1 

, 
• 
i 
j ., 
; 
i 
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Similarly, the others could be found for the impedance and admit~ance 

basis. 

In addition to the impedance and admittance indefinite matrices, a 

combined matri,"'{ can be used for the hybrid parameters, 

el Ll il rbe2 0 re (1-a)e3 

i2 -(J'.b+arc)il e2 0 0 

e2 0 0 L.\ i2 i-ee3 

i3 -rci1 0 (-r -ar )i2 C C e3 • 

For grounded base: Cross out rows and columns 3, 4 and use matrix 
multiplier __ ]: __ 

J'.b"'rc • 

For ero1.U1ded emitter: Gross out rows and columns 1, 2 and use 
mult. J.plier ----l 

re+rcrY::a; • 

For grotu1ded collector: Cross out rows and columns 2, 3 and use 

er -----.,. muJ.tipli t 
re+rc .L:aJ • 

., 

, 
! 
j 
., 
: 



SECTIOU IV 

LOADIHG 'ID SIMULA'I'E A GYRA'l'OR 

loading can be accomplished by placing a conductance in parallel vri th 

each one shown for the indefinite case. lo If the tvro are opposite in sign, 

the pure gyrator vd.11 remain. For the indefinite impedance figure, series 

resistors of opposite sign to those of equal value in the circuit rrould do 

the same thing. Then, one terminal could be grounded, and the opposite 

eyrator could be removed resulting in a 4 terminal ideal gyrator. In this 

process, using actual transistor values some compensating elements may be 

of negative value. 'l'hese would require some auxiliary equipment, ru1d under 

certain conditions may not be constant enough. 'lherefore, a practical 

method of loading would be ·l;o examine the three terminal gyrator, and de

te:::mine what simple loading with positive resistors, or concluctances would 

produce a zy-.cator .;r.i.t,h a residual amourrt; of loss. 

Considerine an actual point contact transis·l;or 

O when a = 2 

which is not difficult to obtain. ZB can be balanced out by a series 

resistor, 

z I 
B = re - re for a= 2. 

For an admittance basis, the s3IDe is true when 

= when a = 2 and ~ is greater than O. 

But, when 6 is less than o, the only positive resistance to add is 

y' 
C = when a = 2. 

If it happens ·!;hat a= 2 vrill make LJ. = O, then the admiUance 

matrices are tu1defined. 

10. Jacob Shekel. 'Ihe Gyrator as a 3 Terminal Element. Proc. I.R.E. 
/.~l : lOJ.4-1016 
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These change.s , applied to the matric es , c an be s een by ch@[:in , the 

element af f ec t ed i n t he mat r i x . For the admittance matrix 1:rl ch a = 2, 

Y
, rr - r., 

B = rbtr;~r;1-:-r;r; 
The resul t for the symmetrical part of the indefinite matrix can be found 

I 
as follows: Y23 and Y32 become zero, ~ 2 and Y33 have ~ added to them. 

The result is 

rb + r -rb - re 0 
C 

1 
-(rb + re) 0 

4 1 rb + re 

0 0 0 

where ~l = 6 vrlt,h a= 2. The 3 tenninal matrix .for the unsymmetrical 

gyrator remains the same. 

Similar results will occur for ·the other methods of loading. 



SECTION V 

CIRCUIT PROPER'ITES OF 'l'rIE I.DADED 'rR.AJISISTOR 

Circuit properties generally used for t,ransistors vd.tll re3istance 

loads ::md sources are input resistance, output resistance, current gain, 

volt.age gain and transducer povrer gain. For the grounded collector, using 

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

~ 
a= 2 

r 2 

+ 

Fig. 7a Actual loaded Transistor Fig . 7b Jy-r 'e,o;.• .:,quivalent. 

Input Resistance= 

r 2 
Output Resistance= ib-i ~~•-n; . 

r 
Current Amplification= - rf 

L 

rcRr. 
Voltage Amplification= - -2---------

rc + (lb+rc) R1 
r 2 

Transducer Gain= -~:.C.------- . 
re + (I'f)+rc) RL 

This illustrates the s:i..mplici ty of calculations using the gyrator con

cept. Ti1e input resistance is the loss plus the reflected load. Ti1e output 

resistance is the reflected input. The current amplification is the value 

found from the gyrator matrix. 

Current Amplification (A_t) = 

Voltav,e Amplification (A)= . V 

r 
- n~ • 

L 
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Transducer Power Gain (Gt)= 

The procedure t,o use .for shunt, loading is to select t,he point contact 

transistor that ~·Jill operate at a = 2. At that operating point check the 

four terminal parameters and compute ll • 

Examples of loading wit,h the resulting characteristics are shmm in 

Tables 2 and 3. 
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'£ABLE II 

QYR.ATOR EQUIVALEUTS 

Type A 

Actual 

Grounded Base 

Grounded Emitter 

Grounded Collector 

18 

➔ 



TABLE II (Cont.) 

GYRA.TOR EQUIV ALEUTS 

Type B 

Actual 

Grounded Base 

Grounded Emitter 

Grounded Collector 

19 

Ye 
2 



TABIB II (Cont,. ) 

GYH.ATOR E·,JUIVAllilH'S 

Type C 
ActuaJ. 

a= 2 
Lll greater than O 

Gronnded Base 

Gronnded E.m:i.:tter 

Gronnded Collecto~ 

Ye 
l 

20 



TABLE II ( Cont. ) 

GYH.ATOR EQUIV ALEI:JTS 

T,ype D 

.Actual 

a:: 2 

Grounded Base 

Grounded Emitter 

Grounded Collector 

21 

than O 
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TABLE III 

SUMMARY OF CHARACTERISTICS 

Case 1 Case 2 Case 3 

Type Grounded Base Grounded w.tter Grounded Collector 

CURREIJT AMPLIFICATION 

Ib1~~ffi -*~~-RT r 
A re -a)+re+ L 11ctI-~J+r;.n1 

B ~•2r re rSs 
rtJ+rc+~ - Rt Ri 

C D.Jr ( 1b+2ru bl 61 
;s. irlb-;r;) .r;2iii, - :!:'cRY. r 0 Rr, 

D - i=P~ (-~12.(gr c:~- -(-dJ.&._ 
re L Z-61) (rc-re)+rc2R1 (:'2!1Jt'rc-re)+r~2RL 

E s 
It-

L 

VOLTAGE AMPLIFICATION 

A i~Ef~!'lu~-
A + re+I'b R1 - ~~=!:el~f--+ re+I'b R1 Lrit~~r~) ilL 

B (lb+2r~)~L 
r~2+r1o .. r~J Rt 

-rcRL 
rc~+tib•rc1RL 

rcRL 
z:~2•tri;:;r~)R1 

C .(112f2:5'lRL -rcRL rcRL 
A1•t!b+r~)lt1 Ai+r1o•r~;RI, "A1:i:rri;+r;ra1 

D -r~Rfr t=-Ei :i: r~-r;JJii 
(2rJ:re)RL 

t=Zi .. rc=r;sa1 - r~ z-~1 

E ~ 
s 
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TABLE III (Cont.) 

SUl,1MARY OF CHARACTERISTICS 

Case 1 Case 2 Case 3 

'I'yJ>e Grounded Base Grounded Emitter Grounded Collector 

INPUT IlESISTANCE 

A ~i::~¼ft2~1'- A + l! e+aj R1 Ll+(Ib+rc)R1 
Ib+rc+ L ~+r~I-aµ!l1 re+r0 (l=ar+RI, 

B ~Q~i::h+rg~L ~~~~:!:::cl~ !c.:!~~~L 
1b+rc+R1 L 

C ~J: h~J.±.C.:li!E~~iJ ~ ~ J.%~:i,..,rc)RIJ ~ .b~J. +( ~rg) ~L] 
All1b+r0 )+r0 R1 re R1 rc2Rt 

D - L1i [-AlzR1(rc-re)] : P-1~~~~1(:~re5J. .612 
- --re Ri ________ 

- 41 rc-reFrc ~ =Lli rr~=r;J;;~2a~ 

82 . 
E 

~ 

Ri: 

OUTPUT RESISTANCE 

A {l~{ilJ+rc~& ~ +.(r,e~c(l-~~ ~~~~i~:~2~ 
re+Ib+ re+1b-f-Rg 1b rc•Rg 

B :~+(:1i+~c)~ r 2 r 2 

~:..~c+Rg --St--~ Ib+rc+ g rb ... rc+ 

C 
Li1[~1•(~+rc)R J bl2 

L1 ~ ,6itrb+r~J.;-2Ri- Zi'(~+r c J+~2~ 6ir1b;;c ;;~2Rg 
C g 

D 6l2 
=i1ti1c=re J+r~7"¾ ~l [~J.!f r Sc:~~2~1 

-~1trc-reJ•rc Rg 
~(-6l+(rc-re)~l 

-- r~~- -

E 
s2 

~ 



Type Grounded 

A Base 

A Emitter 

A Collector 

B Base 

B Emitter 

B Collector 

C Base 

C Emitter 

C Collector 

D Base 

D Emitter 

D Collector 

E 

T_IBIE III (Cont.) 
SUJ:IMARY OF CHAH.ACTE @:STICS 

GAIN 

(~+1hl.:~_+re) ___ 
(Ib:;~R1) ( 6 +(lb+re R1 J 

..iarR-ye)2R~----P·e•r~~+ L [ ~ + 1b+re)R1 J 

2R _!a::!'L..._ ______ 

rr;;r;:ar;~L) [ c. +(1b+rc)R1 l 

.Lib+2:~l 2~L..----
( ii+r~;R1) [ r0 +(2b+rc)R1] 

r 2 - c _______ 

r;2+t2b+rc)R1 

r 2 _e,_ ____ 

r~~;( J:'b•rc) R1 

~(1b•2r22_
2
~---

-[61:;'(Ib4rc)R1J[ -6
1

(rt,1-rc)+RI}'T] 

61 
~ 1 •fi°b+r;,n1 

61 
Ai ;rr; ... r C JR!, 

(-~J..L --
r:z-iJ+lrc-r;)R1 

tf 6il.{~r~L__ ________ 
-yr::-5i r0-r8 .,rc2R1 f (- 6 1)+(rc-re)R1 J 

r 2R 
--~-L-'"'ZD 

(-6 1)(rc-re)"'rc Rr, 

1 
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In the tables, the following abbreviations were used, Vlith the cur

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

gyrator. 

ar Z,.: r - --C 
l1. e 2 

ar 
G1= 23.c. 

G - 1 2- -re 

r 
G3= _s;. 

Al 

- rs;_ ¾- -- Al 

ar: 
s1= _")_r,. 

s2= re 

Al 
s = --3 re 

A1 
s4• - -re 

The tables show various results of loading and can be analyzed as 

.follows. The input and output resistance of all types of loading are al

~ra:ys 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 ,'Ii.th the load resistance, which is the 

property of the gyrator. The current gain and voltage gain for all types 

o.f loading have ·the same sign, which can be seen by inspecting the equiva

lent gyrator for each case. The sign is + if the arrow is left to right 

from input to output which is the normal direction for the gyrator. n1e 
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power gain is o.lvra.ys + and less t,han or equal to one for all types of 

loading, due to the ci cuit not being active, i.e. no negative resis

tances. 



SECTION VI 

EXPERIMENTAL RESULTS 
To 

Check th 
8.ion Vras e lrl..rrator action, the gyrator property o:f impedance inver-

Usect. Th 
{5'l'o'Und e input resistance was measured for grounded base, 

ect emitter 
:Point and grounded collector, using series loading for two 

contact t 
<¾. se= ra.nsistors, 2N32 and 2N32A. The method used ,ras to adjust ~.i.es d 

ecade b 
equ.a.2, t ox until the vacuum tube voltmeter reading across it was 

0 t' t ne v-ac 
l',an8 ~ uum tube voltmeter reading across the input o:f the loaded 

.... s to:r lJ. 
• lhe circuit used for the grounded base is shown in Fig. 8. 

II 

~g. 8 
Method o:f Testing 

500K+jl25.6K 

R.tn ➔ 

l00K+j376Y 

'.lb:ts is the 
t1-<ll'lsj_ Procedure that was used. F.i.rst, the operating point o:f a 

Sto,r 
i-1.. vras f'o d . ·t d mr... ~ie \" un With a-2 when the output vras short-c1rc111 e • .ulen 

al.ue o:r 
0u.t!>ut Collector resistance was found by measuring the open circuit 

.res.1st 
:ls a a.nee, grounded base at the same operating point. Th.is value 

CtU.aJ..l 
.i"'- y- h_ + • t . d ~t-r -0 re, but as r. is much greater than ri,, i is a goo appro.x-.... on ~- c 

l" vo l' 12 . in 08iat c• Setting the series resistor in the enutter arm the put 
<lnce o:r 
~ the loaded circuit is measured for grounded base, grounded 

~3- r ~ er, t Leonard 
l Ol'Jc, 1954 ~13'man. .lfundamentals o:f Transistors. John F. lli.der & Go., 1/• b ' p. 68 
et-r :t • .._ F 

Oi,Jc i Shea Principles o:f Transistor Circuits. John Wiley & Sons, 
, 953, p. 337 
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eiM . ....._ tte:i-
~ anct grounded "'c .. l' collector. This value was a good app.ro.x:i.mation to 

e· 

~e8Ults 
&2>e for the 2N32A and 2!132 were comparable. '.fuose :for the 2N32 3 ho'Wll. 

Fol" the 
'l're:re to g.rounded base, the variation o:f input w:i. th changes in load 

0 SJ.ity-ht 
atld 

O 

to be noticeable. Hovrever, results for grounded collector 
g:roUndect e . 

~.PP:roach:in . nu.tter came. within 10% for the range from R1 = arc to R1 

ot g l.nfin.i ty. Below ar the error increased, due to accumulation e2-:ro:rs . c 
"'- J.n 111a:i.nt · · · ti ~ l' . a:t.ning a = 2, and the loading resistance approX1!lla on 

c· 

G~era1..1y 
e;rcept ' the supply impedances were sufficiently high to disregani, 

fol" th· 
t% e errors introduced rr.hen the input resistance, or load resis-

ce 1Vel'e 
too high. 



C 

C 

I • • 

I I 
0 
U'\ 

l: i rU 
X_ 

~ 
' ' 

I 

! 

I 1 1 

I I I I I I , 
0 
I"\ 

II -
-. - -

~ j I 

! ' l . 

l 

I I 
I 

, I 

I 
\t\ 
(\J 

I 

l I 

I 
I I 

0 
0 
f\ 

0 
0 

' I~ - ~ 
~ 0 
(\J 



SECTION VII 

USEFULNESS OF THE GYRATOn CONCEPT APPLIED TO TRt\NSISTORS 

As a negative resistance is necessary, for activity and instability, 

the g--.:rrator equivalent circuit method showing it explicity for one fre

quency vd.11 aid analysis of a circuit.13 If power gain is not desired, 

ju.st a non-reciprocal coupling, this negative value can be cancelled by 

loading. The circuit w:i.lJ. then be passive and stable. 

This equivalent circuit is similar t,o the two voltage generator cir

cuit, or current generator circuit. 14 These are shom1 below· in Fig. 9. 

Fig. 9a Voltage Generator Equivalent 

i•:i.g. 9 b Current Generator Equivalent 

This would be a gyrator if z12 = -z21 

and Y12 = -Y21 

6') 

+ 
~22 

+ 

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

14. Vallese, loc. cit. 



SECTION" VIII 

APPLICATION3 OF THE GYRATOR 

The main use of t,he gyraGor 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 transist,or and vacuum tube can be made closer. 

As a buf'fer circuit, the more the circuit resembles a gyrator the better. 

1ilhen the gyrator idea was first conceived a physical miit, was con

structed with disappointing results, however, the media necessary and 

t,he type of' construction necessary were postulated. Since that time the 

field of f'erri tes has opened, and at microwave frequencies gyra-wrs have 

been made for non-reciprocal couplings. 
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