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HOTE 
NO. 

YEAR 
OF ISSUE 

SUBJECT 
KEY 

SUBJECT 
DESCRIPTION STATUS 

1 1933 77 use o f , as a B iased Detector w i th 100 
V o l t s P l a t e Supply 

Out o f p r i n t 

2 1933 57 use o f , as a Biased Detector R e s i s t a n c e -
Coupled to a 2A5 

Out o f p r i n t 

3 1933 2A7, 6A7 Use and Ope ra t i on o f , as a Pentag r id 
Converter 

Out of p r i n t 

* 1933 55, 75, 85 use o f , as Res i s tance-Coupled A-F A m p l i 
f i e r s 

Superseded 
by No.67 

5 1933 79 use o f , as C l a s s B Output Tube Out o f p r i n t 

6 1933 36, 37, 38, 
39-4», 69 H igher v o l t a g e Ra t i ng s f o r . Out <of p r i n t 

7 1933 79 250-vo l t Rat ing f o r . Out of p r i n t 

8 1933 2A6 use o f , as Res i s tance-Coup led A-F A m p l i 
f i e r 

Superseded 
by No.67 

9 19 33 Tube Design Recent Advances i n Out of p r i n t 

10 1933 Hum E l i m i n a t i o n o f , in Un i ve r sa l Rece i ve r s Out of p r i n t 

11 1933 25Z5 Use and Opera t i on o f , as Hal f -wave R e c t i 
f i e r and vo l t age Doubler 

Ou-t of p r i n t 

12 1933 2525 Ha l f -wave Operat ion o f , w i th Separate Load 
C i r c u i t s f o r Each R e c t i f i e r Un i t 

Out of p r i n t 

13 1933 
38, «1, » 2 , 

»3 . 89 Recommended Operat ing c o n d i t i o n s f o r . Out of p r i n t 

M 1933 83 Opera t ing C o n d i t i o n s f o r , as D r i ve r and 
C l a s s B Output Tube 

Out o f p r i n t 

15 1933 *8 A p p l i c a t i o n and Operat ion o f , as a T r i ode Out o f p r i n t 

16 1933 2B7, 687 Ope ra t i on o f , as a Ref lex A m p l i f i e r Out of p r i n t 

17 1933 53 Spec i a l A p p l i c a t i o n s o f . Out of p r i n t 
18 1933 19 Operat ing Cond i t i on s o f , in C la s s B 

Output Stage • 
19 1933 1A6 Opera t ing Cond i t i on s o f , as an O s c i l 

l a t o r - M i x e r 
Out of p r i n t 

20 1933 
38, » 1 , »2, 

.89, 2A5 
Increase i n Maximum va lue of G r i d Re

s i s t o r f o r . Out o f p r i n t 

21 1933 1-v, 12Z3 Opera t ing C h a r a c t e r i s t i c s o f . Out o f p r i n t 

22 1933 
2A6, 287, 6B7, 
55, 75, 77, 85 

Opera t i on o f , as Res i s tance-Coup led A-F 
Ampl1f i e r s 

Superseded 
by No.67 

23 1933 8» Opera t ing C h a r a c t e r i s t i c s o f . Out of p r i n t 
2k 1933 1A6 Use o f , as a Ha l f -wave D iode-Tetrode Out of p r i n t 

25 1933 Rece iver 
Output Noise I n f l uence o f C i r c u i t Constants on. • 

26 1933 37, 66, 57, 77 Opera t i on o f , as Res i s tance-Coup led H i g h -
vo l t age A m p l i f i e r s 

Out o f p r i n t 

27 1933 1A6, 2A7, 6A7 Use o f , i n Mu l t i -Range Rece iver s Out o f p r i n t 
28 1933 79 S p e c i a l A p p l i c a t i o n s o f . Out of p r i n t 

- 2 9 1933 2A3 Design o f Audio Systems Employing t he . Out o f p r i n t 
30 193» 6F7 C h a r a c t e r i s t i c s o f . Out of p r i n t 

I n d i c a t e s that t h i s Note i s s t i l l a v a i l a b l e upon request as long as the supply l a s t s . 



L i s t of A p p l i c a t i o n Note» ( con t ' d ) 

MOTE 
NO. 

YEAR 
OF ISSUE 

SUBJECT 
KEY 

SUBJECT 
DESCRIPTION STATUS 

31 1934 905. 906 Operat ing c o n s i d e r a t i o n s o f , f o r O s c i l 
l og raph Purposes 

Out of p r i n t 

32 193» »8 Rev i s i on o f C h a r a c t e r i s t i c s f o r . Out of p r i n t 

33 193» 800 Use o f , in C l a s s B Audio A m p l i f i e r s Out of p r i n t 

3« 1934 868 Cha rac te r i st i c s o f . Out of p r i n t 

35 193» «2, 2A5 Tr iode Operat ion o f . Out of p r i n t 

36 193» 
L i s s a jou s 

F i g u r e s D i s cu s s i on o f . Out of p r i n t 

37 193» 6C6, 606 100-vo l t Opera t i on o f . Out of p r i n t 
38 193» Pentodes Method of c o n v e r t i n g C h a r a c t e r i s t i c s o f . Out of p r i n t 
39 193» 905, 906 Design of v o l t a g e Supply f o r . Out of p r i n t 
«0 193» »5 High Power Output from, Out of p r i n t 
U l 193» 1C6 Use o f . Out of p r i n t 

42 193» 
Power Output 

T r i o d e s 
Method f o r Determin ing Operat ing c o n d i 

t i o n s o f . Out of p r i n t 

43 193» 
A l i g n i n g Tuned 

C i r cu i t s Cathode-Ray Cu rve -T rac i ng Apparatus f o r . Out of p r i n t 

M 193» 6A6 Operat ing C o n d i t i o n s f o r . » 

«5 1935 57, 6C6 Obta in ing Negat ive Transconductance and 
Negat ive Re s i s t ance from. 

Out of p r i n t 

«6 3935 6 -Vo l t B a t t e r y 
Rece i ve r s Design o f . * 

«7 1935 95» use o f , as a vacuum-Tube v o l t m e t e r Out of p r i n t 

48 1935 C o i l 
1nductance 

Determinat ion of Decrease i n . Produced 
by a Coi1 S h i e l d 

• 
»9 1935 Cap S h i e l d Con s t r u c t i on o f , f o r A l l - M e t a l Tubes Out of p r i n t 
50 1935 6L7 Operat ion o f , as a M i x e r * 
51 1935 6F5 use o f . 
52 1935 6F6 Power Output from, as a T r i ode * 
53 1935 6L7 use o f , as a Volume Expander f o r Phono

graphs 
* 

54 1935 6F6 C la s s AB Ope ra t i on o f . Connected as a 
Pentode 

* 

55 1936 6A8 Operat ion o f . * 
56 1936 Recei ver 

Oesi gn D i s cu s s i on o f . * 

57 1936 6L7 use o f , as an R-F A m p l i f i e r * 

56 1936 Rece i ve r 
Design D i s cu s s i on o f . 

* 

59 1936 6Q7 Operat ion o f . * 
60 1936 6L6 Operat ion o f , * 
61 1936 6L6 Convers ion o f , P l a t e Fami ly to New Screen 

Vo l tage Condi t ions 
* 

62 1936 6F6 Operat ion o f , as a Pentode in Pu sh -Pu l l 
Ampli f i e r 

* 

«3 1936 Phase 
l n v e r t e r D e s c r i p t i o n o f H i gh -Ga in S ing le -Tube, * 

6« 1936 I n ve r s e - Feed 
back Ci r cu i t s C h a r a c t e r i s t i c s o f . 

* 

65 1936 6E5, 6G5 Tun i n g - I nd i c a t o r c i r c u i t s f o r . * 
66 1936 6L6 Operat ion o f , w i t h Equal P l a t e and Screen 

Vo l t a ge 
* 

67 1937 
R e s i s t a n c e -
Coupled A-F 
Ampl i f i e r s 

Phase 
I n v e r t e r 

Opera t i on of 2A6, 287, 6B7, 6B8, 6C6, 
6F5, 6J7 , 607, 6R7, 55, 56, 57, 75, 76, 

and 85 as . 

Operat ion of 6A6, 6N7, 53, and 79 as . 

68 1937 6L6 use o f , i n a 55-watt A m p l i f i e r * 

I n d i c a t e s that t h i s Note i s s t i l l a v a i l a b l e upon request as long as the supply l a s t s . 

-2. 



L i s t of A p p l i c a t i o n Notes ( con t ' d ) 

NOTE 
No. 

YEAR 
OF ISSUE 

SUBJ ECT 
KEY 

69 1937 6L6 

70 1937 Exposu re 
Meter 

71 1937 616 

72 1937 6L6 
73 1937 25L6 
7» 1937 5T4 

75 1937 
Rece ive r 

Design 

76 1937 A—F Curve 
Tracer 

77 1937 Popu la r 
Tube Types 

78 1937 
Power Output 
C a l c u l a t i o n s 

79 1937 
Rat ings f o r 
Power Output 

Tubes 

80 1937 6V6-G 

81 1937 Two-Termi nal 
R-F O s c i l l a t o r 

82 1937 wide-Angle 
Tuni ng 

93 1938 
R e s i s t a n c e -
Coupled A-F 
Ampii f i e r s 

84 1938 Phototubes 
85 1938 6AC5-G 
86 1938 6Y6-G 
87 1938 6K8 
88 1938 Hum 

69 1938 Rece iver 
Design 

90 19 38 
Resi s t ance -
Coupled A-F 
Ampii f i e r s 

91 1938 0A4-G 
92 1938 906 

93 1938 
i n v e r s e - F e e d 
back Circuìt 

94 1938 6AF6-G 

95 1938 Operat ing 
Posi t i ons 

96 1938 Vo l tage 
Regu la tor 

97 1938 Pha se - I n ve r te r 
Ci r cu i t 

98 1938 S i ngle-Ended 
Tubes 

99 1938 6K8 
100 1938 6SA7 

101 1939 
Input Loading 
O ' Rece i v ing 

Tubes 
102 1939 6SK7 
103 1939 35L6-GT 
10» 1939 Tel ev i s i on 

SUBJECT 
DESCRIPTION STATUS 

250-Vo l t Low-Current Ope ra t i on o f . 
D e s c r i p t i o n o f , f o r cathode-Ray O s c i l l o 

graphs 
Low-Current High-Power Ope ra t i on o f , 
A NO-Watt Pu sh -Pu l l Ope ra t i ng C o n d i t i o n f o r . 
Opera t i on o f , i n Typ i ca l c i r c u i t s 
New H igh -Vo l tage Choke-Input Rat ing f o r , 

Di s cu s s i on o f . 

D e s c r i p t i o n o f , u s i ng a cathode-Ray Tube 

Cha r t s and Dimensions o f , 

use of the P l a t e Fami ly f o r , o f S i n g l e -
Tube A m p l i f i e r s 

S i g n i f i c a n c e o f . 

Ope ra t i on o f . 

D e s c r i p t i o n o f . 

D e s c r i p t i o n of and c i r c u i t f o r , w i t h the 
6E5, 6G5, o r 6U5 

Opera t i on of 6L5-G, 6T7-G, and 6S7-G as. 

Opera t i on o f . 
Ope ra t i on o f . 
Opera t i on o f , 
use o f , ( r e v i s e d r a t i n g s ) 
Causes and Reduction o f , i n Heater-Type 

Tubes 

Di s cu s s i on o f . 

Opera t i on o f 6C8-G, 6F8-G, 6 J 5 , 6J5-G, 
and 6Z7-G as . 

Opera t i on o f . 
Opera t i on o f Improved Type, a t Low v o l t a g e 

D i s cu s s i on o f , f o r Re s i s t ance -Coup led 
Ampli f i e r s 

Opera t i on o f . 

T a b u l a t i o n o f , f o r Rece i v i n g Tubes 

O i s cu s s i on o f , f o r D-C Power S u p p l i e s 

D i s cu s s i on o f a S e l f - B a l a n c i n g , 

Opera t i on o f . 

R e v i s i o n o f Rat ings f o r t he . 
Opera t i on o f . 

D i s cu s s i on o f , at Radio F requenc ie s 

Advantages o f , as l - F A m p l i f i e r 
Opera t i on o f . 
B i b l i o g r a p h y o f , w i t h T e l e v i s i o n Standards 

Out of 

Out o 

p r i n t 

p r i n t 

Out o p r i nt 

Out of p r i nt 

Added to No.87 

Ind i ca tes that t h i s Note i s s t i l l a v a i l a b l e upon request as long as the supply l a s t s . 
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atti AC H 

RCA RADIOIRON 
D I V I S I O N APPLICATION NOTE No. 101 

January 25, 1939 

APPLICATION NOTE 
ON 

INPUT LOADING OF RECEIVING TUBES AT RADIO FREQUENCIES 

The input r e s i s t a n c e of an r - f a m p l i f i e r tube may become low enough 
at h i g h r a d i o frequencies to have a p p r e c i a b l e e f f e c t on the g a i n and 
s e l e c t i v i t y of a preceding stage. A l s o , the input capacitance of a tube 
may change enough with change i n avc b i a s to cause a p p r e c i a b l e detuning 
of the g r i d c i r c u i t . I t i s the purpose of t h i s Note to d i s c u s s these two 
e f f e c t s and to show how the change i n input capacitance can be reduced. 

Input Conductance 

In t h i s Note, i t i s convenient to d i s c u s s the input l o a d i n g of a 
tube i n terms of the tube's input conductance, r a t h e r than input r e s i s t 
ance. The input conductance, g L , of commercial r e c e i v i n g tubes can be 
represented approximately by the equation 

where f i s the frequency of the input v o l t a g e . A t a b l e of values of k c 

and k h f o r s e v e r a l r - f tube types i s shown on the next page. The ap p r o x i 
mate value of a tube's input conductance i n micromhos a t a l l frequencies 
up t o those i n the order of 100 megacycles can be obtained by s u b s t i t u t 
ing i n Eq. (1) values of k 0 and k h from the t a b l e . In some cases, input 
conductance can be computed f o r c o n d i t i o n s other than those s p e c i f i e d i n 
the t a b l e . For example, when a l l the e l e c t r o d e voltages are changed by 
a f a c t o r n, k;. changes by a f a c t o r which i s approximately n " 1 / ? . The 
value of k c i s p r a c t i c a l l y constant f o r a l l o p e r a t i n g c o n d i t i o n s . A l s o , 
when the transconductance of a tube i s changed by a change i n s i g n a l - g r i d 
b i a s , k n v a r i e s d i r e c t l y w i t h transconductance over a wide range. In the 
case of converter types, the value of k depends on o s c i l l a t o r - g r i d b i a s 
and o s c i l l a t o r v o l t a g e amplitude. In converter and mixer types, k h i s 
p r a c t i c a l l y independent of o s c i l l a t o r frequency. 

= k 0 f + k h f 2 (1) 

Copyright, 1939, by 
RCA Manufacturing Co Inc. 

AN-101-1-11-39 
P r i n t e d i n U.S.A. 
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Table of Approximate Values k c and k t f o r Several Tube Types 

S i g n a l -
G r i d Sup- k 0 k h 

Tube Heater P l a t e Screen B i a s pressor Micro- Micro-
Type V o l t s V o l t s V o l t s V o l t s V o l t s mhos/Mc mhos/Mc2 

6A8 6.3 250 100 -3 --- 0.3 -0.05» 
6J7 6.3 250 100 -3 0 0.3 0.05 
6K7 6.3 250 100 -3 0 0.3 0.05 
6K8 6.3 250 100 -3 0.3 -0.08t 
6L7 6.3 250 100 •3 0.3 0.15X 
6SA7 ( S e l f - e x c i t e d ) 6.3 250 100 0 0.3 -0.03# 
6SA7 (Separately e x c i t e d ) 6.3 250 100 -a 0.3 -0.03# 
58J7 6.3 250 100 -3 0 0.3 0.05 
6SK? 6.3 250 100 -3 0 0.3 0.05 
954 6.3 250 100 -3 0 0.0 0.005 
1851 6.3 250 150 -2 0 0.3 0.13 
1852 6.3 250 150 -Z 0 0.3 0.13 
1853 6.3 250 200 -3 0 0.3 0.065 

• For o s c i l l a t o r - g r i d c u r r e n t of 0. 3 ma. through 50000 ohms. 
Ì For o s c i l l a t o r - g r i d c u r r e n t of 0. 15 ma. through 50000 ohms. 
x For wide range of o s c i l l a t o r - g r i d c u r r e n t s . 
# For g r i d No. 1 current of 0.5 ma. through 20000 ohms. 

In E q . ( l ) , the term k_.f i s a conductance which e x i s t s when cathode 
c u r r e n t i s zero. The term k n f 2 i s the a d d i t i o n a l conductance which e x i s t s 
when cathode c u r r e n t f l o w s . These two terms can be explai n e d by a simple 
a n a l y s i s of the input c i r c u i t of a tube. 

Cold Input Conductance 

The input impedance of a tube when there i s no cathode current i s 
r e f e r r e d to as the c o l d input impedance. The p r i n c i p a l components of 
t h i s c o l d impedance are a r e s i s t a n c e due to d i e l e c t r i c h y s t e r e s i s , and a 
reactance due to input capacitance and cathode-lead inductance. Because 
these components are i n a p a r a l l e l combination, i t i s convenient to use 
the terms admittance, the r e c i p r o c a l of impedance, and susceptance, the 
r e c i p r o c a l of reactance. For most purposes, the e f f e c t of cathode-lead 
inductance i s n e g l i g i b l e when cathode c u r r e n t i s very low. The c o l d i n 
put admittance i s , t h e r e f o r e , a conductance i n p a r a l l e l w ith a c a p a c i t i v e 
susceptance. The conductance due to d i e l e c t r i c h y s t e r e s i s i n c r e a s e s l i n 
e a r l y w i t h frequency. Hence, the c o l d input conductance can be w r i t t e n 
as k . f , where k c i s p r o p o r t i o n a l to the power f a c t o r of g r i d i n s u l a t i o n 
and i s the k c of Eq.(1). 

Hot Input Conductance 

The term k r < f " , the input conductance due to the flow of e l e c t r o n 
c u r r e n t i n a tube, has two p r i n c i p a l components, one due to e l e c t r o n 
t r a n s i t time and the other due to inductance i n the cathode l e a d . These 
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two components can be analyzed w i t h the a i d of F i g . l . In t h i s c i r c u i t , 
C h i s the capacitance between g r i d and cathode wher cathode c u r r e n t f l o w s , 
C g i s the input capacitance due to capacitance between g r i d and a l l other 
e l e c t r o d e s except cathode, g : i s the conductance due to e l e c t r o n t r a n s i t 
time, and L i s the cathode-lead inductance. Inductance L represents the 
inductance of the lead between the cathode and i t s base p i n , together with 
the e f f e c t of mutual inductances between the cathode lead and other leads 
near i t . A n a l y s i s of the c i r c u i t of F i g . l shows t h a t , w i t h L small as i t 
g e n e r a l l y i s , the input conductance, g , due to the presence of cathode 
current i n the tube, i s approximately 

8h = gmO)2LCh + g t 

where co = 2r.f. The term g-u^LC i s the conductance due to cathode-lead 
inductance. I t can be seen that t h i s terra v a r i e s w i t h the square of the 
frequency. In t h i s term, g m i s the grid-cathode transconductance because 
the term i s concerned w i t h the e f f e c t of cathode c u r r e n t f l o w i n g through L. 
In a pentode, and i n the 6L7, t h i s transconductance i s approximately equal 
t o the s i g n a l - g r i d - t o - p l a t e transconductance m u l t i p l i e d by the r a t i o of 
d-c cathode c u r r e n t to d-c p l a t e c u r r e n t . In the converter types 6A8, 6K8, 
and 6SA7, the s i g n a l - g r i d - t o - c a t h o d e transconductance i s s m a l l . Cathode 
c i r c u i t impedance, t h e r e f o r e , has l i t t l e e f f e c t on input conductance i n 
these types. 

For an e x p l a n a t i o n of the conductance, g v , due to e l e c t r o n t r a n s i t 
time, i t i s h e l p f u l to c o n s i d e r the concept of c u r r e n t flow to an e l e c 
trode i n a tube. I t i s customary to consider that e l e c t r o n current flows 
to an e l e c t r o d e only when e l e c t r o n s s t r i k e the surface of the e l e c t r o d e . 
This concept, w h i l e v a l i d f o r s t a t i c c o n d i t i o n s , f a i l s to account f o r 
observed high-frequency phenomena. A b e t t e r concept i s t h a t , i n a diode 
f o r example, p l a t e current s t a r t s to flow as soon as e l e c t r o n s leave the 
cathode. Every e l e c t r o n i n the space between cathode and p l a t e of a 
diode induces a charge on the p l a t e ; the magnitude of the charge induced 
by each e l e c t r o n depends on the p r o x i m i t y of the e l e c t r o n to the p l a t e . 
Because the p r o x i m i t y changes with e l e c t r o n motion, there i s a current 
flow to the p l a t e through the e x t e r n a l c i r c u i t due to the motion of e l e c 
trons i n the space between cathode and p l a t e . 

Consider the a c t i o n of a conventional space-charge-limited t r i o d e 
as shown i n F i g . 2 . In t h i s t r i o d e , the p l a t e i s p o s i t i v e w i t h respect 
to cathode and the g r i d i s n e g a t i v e l y biased. Due to the motion of e l e c 
trons between cathode and g r i d , there i s a current I * f l o w i n g i n t o the 
g r i d . In a d d i t i o n , there i s another current 1^ f l o w i n g out of the g r i d 
due to the motion of e l e c t r o n s between g r i d and p l a t e receding from the 
g r i d . When no a l t e r n a t i n g v o l t a g e i s a p p l i e d to the g r i d , I t and I. are 
equal and the net g r i d c u rrent ( I g ) i s zero. 

Suppose, now, that a small a l t e r n a t i n g v o l t a g e ( e K ) i s a p p l i e d to 
the g r i d . Because the cathode has a p l e n t i f u l supply of e l e c t r o n s , the 
charge represented by the number of e l e c t r o n s r e l e a s e d by the cathode 
((J*) i s i n phase w i t h the g r i d v o l t a g e , as shown i n Figs.3a and 3b. The 
charge induced on the g r i d (Qff) by these e l e c t r o n s would a l s o be i n phase 
w i t h the g r i d v o l t a g e i f the charges r e l e a s e d by the cathode were to reach 
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the plane of the g r i d i n zero time, as shown i n Fig.3c. In t h i s hypothet
i c a l case, the g r i d c u r r e n t due to t h i s induced charge (Fig.3d) leads the 
g r i d v o l t a g e by 90 degrees, because by d e f i n i t i o n , c u r rent i s the time 
r a t e a t which charge passes a given p o i n t . However, the charge r e l e a s e d 
by the cathode a c t u a l l y propagates toward the p l a t e w i t h f i n i t e v e l o c i t y ; 
t h e r e f o r e , maximum charge i s induced on the g r i d a t a time l a t e r than 
that corresponding to maximum g r i d v o l t a g e , as shown i n Fig.3e. This 
c o n d i t i o n corresponds to a s h i f t i n phase by an angle G of Q g w i t h r e s 
pect to e g; hence, the g r i d c u r r e n t lags behind the c a p a c i t i v e c u r r e n t 
of Fig.3d by an angle 9, as shown i n F i g . 3 f . C l e a r l y , the angle 0 i n 
creases w i t h frequency and w i t h the time of t r a n s i t T. Expressed i n 
r a d i a n s , 6 = on. 

The amplitude of Q g i s p r o p o r t i o n a l to the amplitude of the g r i d 
v o l t a g e ; the g r i d c u r r e n t , which i s the time r a t e of change of Q g l i s 
thus p r o p o r t i o n a l to the time r a t e of change of g r i d v o l t a g e . For a 
s i n u s o i d a l g r i d v o l t a g e , e g = E g s i n u t , the time r a t e of change of g r i d 
voltage i s coE Bcosxt. Therefore, f o r a given tube type and o p e r a t i n g 
p o i n t , the amplitude of g r i d c u r r e n t i s 

I g = KE, 

and the absolute value of grid-cathode admittance due to induced charge 
on the g r i d i s 

I * 
Y t = — = Kco (3) 

Eg 
The conductive component ( g : ) of t h i s admittance i s 

g. = Y.sinG = T t6 = Ko)G ( f o r small values of 9) 

Because 0 = urt, t h i s conductance becomes, f o r a given o p e r a t i n g p o i n t , 

g t = Kw 2T (4) 

Thus, the conductance due to e l e c t r o n t r a n s i t time a l s o v a r i e s w i t h the 
square of the frequency. This conductance and the input conductance, 
g mw 2LC n, due to cathode-lead inductance, are the p r i n c i p a l components 
of the term k h f £ of E q . ( l ) . 

T his e x p l a n a t i o n of input admittance due to induced g r i d charge i s 
based on a space-charge-limited tube, and shows how a p o s i t i v e input ad
mittance can r e s u l t from the induced charge. The input admittance due to 
induced g r i d charge i s negative i n a tube which operates as a temperature-
l i m i t e d tube, that i s , as a tube where cathode emission does not increase 
when the p o t e n t i a l of other e l e c t r o d e s i n the tube i s increased. The 
emission of a tube o p e r a t i n g w i t h reduced f i l a m e n t v o l t a g e i s temperature 
l i m i t e d ; a tube w i t h a screen i n t e r p o s e d between cathode and g r i d a c t s as 
a t e m p e r a t u r e - l i m i t e d tube when the screen p o t e n t i a l i s reasonably h i g h . 
The e x i s t e n c e of a negative input admittance i n such a tube can be ex
p l a i n e d w i t h the a i d of F i g . 4 . 

When the value of E c v i n Fig.4 i s s u f f i c i e n t l y h i g h , the current 
drawn from the cathode d i v i d e s between G. and p l a t e ; any change i n one 
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branch of t h i s c u rrent i s accompanied by an opposite change i n the other. 
As a f i r s t approximation, t h e r e f o r e , i t i s assumed that the current enter
ing the space between and G s i s constant and equal to pv, where p i s 
the d e n s i t y of e l e c t r o n s and v i s t h e i r v e l o c i t y . G £ may now be considered 
as the source of a l l e l e c t r o n s p a s s i n g to subsequent e l e c t r o d e s . 

Suppose, now, that a small a l t e r n a t i n g v o l t a g e i s connected i n 
s e r i e s w i t h g r i d G s, as shown i n F i g . 4 . During the p a r t of the c y c l e 
when e c i s i n c r e a s i n g , the e l e c t r o n s i n the space between Ĝ  and G s are 
a c c e l e r a t e d and t h e i r v e l o c i t i e s are increased. Because the current (pv) 
i s a constant, the d e n s i t y of e l e c t r o n s (p) must decrease. In t h i s case, 
t h e r e f o r e , the charge a t G 2 i s 180 degrees out of phase with the g r i d v o l t 
age, as shown a t A and B of F i g . 5 . This d i m i n u t i o n i n charge propagates 
toward the p l a t e w i t h f i n i t e v e l o c i t y and induces a decreasing charge on 
the g r i d . Because of the f i n i t e v e l o c i t y of propagation, the maximum de
crease i n g r i d charge occurs a t a time l a t e r than that corresponding to 
the maximum p o s i t i v e value of e t l as shown i n Fig.5c. The c u r r e n t , which 
i s the d e r i v a t i v e of Qt- w i t h respect to time, i s shown i n Fig.5d. I f 
there were no phase displacement (9 = 0 ) , t h i s c u r r e n t would correspond 
t o a negative capacitance; the existence of a t r a n s i t angle 9, t h e r e f o r e , 
corresponds to a negative conductance. By reasoning s i m i l a r to that used 
i n the d e r i v a t i o n of Eqs. 3 and 4, i t can be shown that the absolute value 
of n e g a t i v e admittance due to induced g r i d charge i s p r o p o r t i o n a l to a), 
and that the negative conductance i s p r o p o r t i o n a l to o>s. These r e l a t i o n s 
are the same as those shown i n Eqs. 3 and 4 f o r the p o s i t i v e admittance 
and p o s i t i v e conductance of the space-charge-limited case. 

A negative value of input conductance due to t r a n s i t time s i g n i f i e s 
t h at the input c i r c u i t i s r e c e i v i n g energy from the "B" supply. This 
negative value may increase the g a i n and s e l e c t i v i t y of a preceding stage. 
I f t h i s negative value becomes too l a r g e , i t can cause o s c i l l a t i o n . A p o s i 
t i v e value of input conductance due to t r a n s i t time s i g n i f i e s t hat the s i g 
n a l source i s s u p p l y i n g energy to the g r i d . This energy i s used i n a c c e l 
e r a t i n g e l e c t r o n s toward the p l a t e and manifests i t s e l f as a d d i t i o n a l heat
i n g of the p l a t e . A p o s i t i v e input conductance can decrease the gain and 
s e l e c t i v i t y of a preceding stage. 

I t should be noted t h a t , i n t h i s d i s c u s s i o n of admittance due to i n 
duced g r i d charge, no mention has been made of input admittance due to 
e l e c t r o n s between g r i d and p l a t e . The e f f e c t of these e l e c t r o n s i s s i m i l a r 
to t h a t of e l e c t r o n s between g r i d and cathode. The admittance due to 
e l e c t r o n s between g r i d and p l a t e , t h e r e f o r e , can be considered as being 
i n c l u d e d i n Eq.(3). 

Change i n Input Capacitance 

The hot grid-cathode capacitance of a tube i s the sum of two compo
nents, the c o l d grid-cathode capacitance, C 0 I which e x i s t s when no cathode 
c u r r e n t f l o w s , and a capacitance, C t, due to the charge induced on the g r i d 
by e l e c t r o n s from the cathode. The capacitance C can be d e r i v e d from 
Eq. ( 3 ) , where i t i s shown that the grid-cathode admittance due to induced 
grid-charge i s 

Y t = Kco 
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The s u s c e p t i v e p a r t of t h i s admittance i s Y.cosG. Since t h i s susceptance 
i s equal to wC t, the capacitance C t i s 

C t = KC0S0 = K ( f o r s m a l l values of 6) 

Hence, the hot grid-cathode capacitance C h i s 

C h = C c + K 

The t o t a l i n p ut capacitance of the c i r c u i t of F i g . l , when the tube i s i n 
op e r a t i o n , i n c l u d e s the capacitance C;. and a term due to inductance i n 
the cathode l e a d . This t o t a l input capacitance, C;, can be shown to be 
approximately 

Ci = 0e + C, - g m g t L (5) 

where the l a s t term shows the e f f e c t of cathode-lead inductance. This 
l a s t term i s u s u a l l y very s m a l l . I t can be seen that i f t h i s l a s t term 
were made equal i n magnitude to C g + C f c 1 the t o t a l input capacitance would 
be made zero. However, the p r a c t i c a l a p p l i c a t i o n of t h i s f a c t i s l i m i t e d 
because g m and gl change with change i n e l e c t r o d e v o l t a g e s , and g t changes 
w i t h change i n frequency. 

When cathode current i s zero, the t o t a l i n p ut capacitance i s prac
t i c a l l y equal to C g + C c. S u b t r a c t i n g t h i s c o l d i n put capacitance from 
the hot input capacitance given by Eq.(5), we o b t a i n the d i f f e r e n c e , which 
i s K - g;;.g-L. In g e n e r a l , K i s g r e a t e r than g-g tL. Therefore, i n a 
space-charge-limited tube, where K i s p o s i t i v e , the hot input capacitance 
i s g r e a t e r than the c o l d input capacitance. I n a temp e r a t u r e - l i m i t e d 
tube, where K i s ne g a t i v e , the hot input capacitance i s l e s s than the 
c o l d i nput capacitance. In both tubes K changes w i t h change i n t r a n s -
conductance. Because of t h i s change, the input capacitance changes some
what w i t h change i n avc b i a s . In many r e c e i v e r s , t h i s change i n input 
capacitance i s n e g l i g i b l e because i t i s small compared to the tuning cap
a c i t a n c e s connected i n the g r i d c i r c u i t s of the high-frequency stages. 
However, i n high-frequency stages where the tuning capacitance i s s m a l l , 
and the resonance peak of the tuned c i r c u i t i s sharp, change i n avc b i a s 
can cause a p p r e c i a b l e detuning e f f e c t . 

Reduction of Detuning E f f e c t 

The d i f f e r e n c e between the hot and the c o l d i n put admittances of a 
space-charge-limited tube can be reduced by means of an unby-passed cath
ode r e s i s t o r , R k i n F i g . 6 . The t o t a l hot input admittance of t h i s c i r 
c u i t i s made up of a conductance and a c a p a c i t i v e susceptance, coC/. 
A n a l y s i s of Fig.6 shows t h a t , i f cathode-lead inductance i s neglected, 
the t o t a l hot input capacitance, C/, i s approximately 

1 + K/C 0 

C i ' = Cg + C 0 (6) 
1 + gm Rk 

Ins p e c t i o n of t h i s equation shows that i f K i s p o s i t i v e and v a r i e s i n 
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p r o p o r t i o n w i t h g m , the use of the proper value of R k w i l l make C/ inde
pendent of g m . In a space-charge-limited tube, K i s p o s i t i v e and i s 
found by experiment to be approximately p r o p o r t i o n a l to g r a. I t f o l l o w s 
that the proper value of R k w i l l minimize the detuning e f f e c t of avc i n 
a space-charge-limited tube. Eq.(6) i s u s e f u l f o r i l l u s t r a t i n g the e f f e c t 
of but i s not s u f f i c i e n t l y p r e c i s e f o r computation of the proper value 
of B k to use i n p r a c t i c e . This value can be determined by experiment. 
I t w i l l be found t h a t t h i s v a l u e , i n a d d i t i o n to min i m i z i n g capacitance 
change, a l s o reduces the change i n input conductance caused by change i n 
avc b i a s . The e f f e c t of unby-passed cathode r e s i s t a n c e on the change i n 
i n p u t capacitance and input conductance of an 1852 and 1853 i s shown i n 
Figs.7 and 8. These curves were taken a t a frequency of 40 megacycles. 
The curves f o r the 1852 a l s o h o l d good f o r the 1851. 

I t should be noted t h a t , because of degeneration i n an unby-passed 
cathode r e s i s t o r , the use of the r e s i s t o r reduces g a i n . The reduced gain 
i s 1/(1 + g mR k) times the gain w i t h the same e l e c t r o d e v o l t a g e s but with 
no unby-passed cathode r e s i s t a n c e . The hot input conductance of a tube 
w i t h an unby-passed cathode r e s i s t o r can be determined by m o d i f i c a t i o n of 
the values of kr i n the t a b l e on page 2. The value of k h i n the t a b l e 
should be m u l t i p l i e d by gr/(l + g^R*)- The r e s u l t a n t value of k h, when 
s u b s t i t u t e d i n E q . ( l ) , w i t h k c from the t a b l e , gives the input conduct
ance of a tube w i t h an unby-passed cathode r e s i s t o r . In the f a c t o r , 
(1 + g^Rk). gin i s the grid-cathode transconductance when B k i s by-passed. 

When an unby-passed cathode r e s i s t o r i s used, c i r c u i t p a r t s should 
be so arranged that grid-cathode and plate-cathode capacitances are as 
small as p o s s i b l e . These capacitances form a feedback path between 
p l a t e and g r i d when there i s ap p r e c i a b l e impedance between cathode and 
ground. To minimize plate-cathode capacitance, the suppressor and the 
screen by-pass condenser should be connected to ground r a t h e r than t o 
cathode. 
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