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SMPLIFICATION FACTOR CHARTS FOR TRIODES

| lIR’I‘ROIlUOTION
The charte preser;ted here are intended to aid the designer in developing
now tubes. There ic also included a chart to be used when meking changes
in exieting tubes.
8, FORMULAE USED IN‘ CONSTRUCTION OF CHARTS
The charts are based upon the smplification factor formula of Salzberg (1)*
which is:
_ éﬁnS*,@n(cosh mnd.) (1)
M= Inlcoth ﬁnd)+9q[l- e‘4ﬁns(cosh2ﬂ’nd)_]
in which n 2 grid turns per unit length

4 = grid wiro_dimter
8 = effeotive érid-bhte spacing
The effeotive grid-plate epecing 18 given for a plene structure tube by
(‘ . the actual grid-plate a'pcoing. measured from the center line of the grid ixru.

and for a circular structure tube by

= ¥ )= D D |
5= rgdn(f): -gxa,?(-ﬁg) (11)
where
g = 959 % radius of grid to center line of grid wires

= 22 =.inside redius of plate
The dimensione may be measured in sny consistent set of units.
For large valuos of nS end amell values of nd eq. (I) reduces to the

Vodges end Elder (§') formule

Y= 21tnS ~ &n{cosh *n‘nd'}} | (113)
L (coth arnd)

( *Number in parentheses refer to items in bibliography.



-2m

Formulas (I) and (III) were derived for bdoth plane structure tubes and
tubes of ciroular construction in which the grid wires are parasllel with
the cathode. Tho validity of the formuiae when used with other types of
grid struocture wes demonstrated by Y. Kusunose (3). A set of empiricel
form factors wes developed by E. R. Jorvil (4) which extended the use of
the formulee to tubes of non~circular cylindrical construotion.

3. DESCRIPTION AND USE OF CHARTS

Drawing M-69067-1A1?9'10 & plot of formule (I) with nS and R a8
argunonts nnd}nd 68 a parameter.

The primery use of this plot ‘is %o detefnlno the veluos of nS end 8
for existing tubes, which may not be of circular or plane conetruction,

It is only necessary that ji, n, and d be known to determine S.

The velue of 8 thus found is the same for any tuﬁe heving the seme
plate and grid creoss-section.

If al) of the oross-sectional dimensions are changed in the same ratio,
the velue of § will elso be chenged in that ratio.

Exemple Aa

Find 8 for the iype 6SF5 triode

In this tube

n= 72.5 TPI
d = 0,0041 inches
n=1c0

nd 2 T8.5 % 0.004) = 0.287
From chart at n = 100, nd ® 0,287

ns ® §.1
5
8 2 T2.6 ® 0.,070¢ inches,
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Thie chart wey alsc be used to find the smplification factor of tubes
when the dimensions are spscified.

Drawing K«69087~1AL73 18 a plot of equation (II) combined with a nomogren

- to determine the valus of n® for ciroular element tubes.

With the valumes of Dg/Dp and Dp known, 8 is determined. A straight line
is then pasaéd through the point on the 8 scale and the grid turns per unit
length on ﬁhe n scele. n8 is then read st tho intersection of the straight
line and the nS sasle,

Exemple ﬁ_

Find the value of nS for a cylindrical triode with

Dg = 0.085"
Dp & 0.253%
n = 72.5 TPI

D = 0,088 & 0,336
Dp 0.265

From chart
VS “~ 0.0465
n® < 3,36
The nomogrem nmey also be uaéd te find the value of nd. This iz done by
substituting d for 8 eand dividing the numbers on the & and n2 scales by ten.
From the above exumple, let d ® 0.00465 in. (4.65 mils), then nd = 0.335.

Draving K-G2087-1A17¢ gives the effective velue ef nd for square mesh

grid (3) from which the effsctive velue of n can be determined.

Example €
FPind the effective values of nd end n for an 80 mesh 2 mil equare mesh grid
Wd= 8 x 0,002 = 0,18

From chars

nd ® 0,295 0,008
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Drawings K-60087-1A176, 1AL76, and 1Al77 ere plote of formula (I} for
specifio grid wire sizes, nanely 0.002 in., 0.003 in., and 0.004 in,

These corves are plottsd with 8 end n as arguments and with p o8 & parae
meter, Thus if the velus of § is known, the necessery t.p.i. for the
deaired )} oen be gquickly found,

In designing & new tube the velue of 8 fer a known tube with the same
grid-plate cross~section can be detormined from drawing li=69087~1A179. Tho
grid wire aia§ end %.peis of the new tude osn thon be determined from
drawing K-68087-1A175, 1A176, or LlAL77.

Example D

That is the t.p.i. for a tube with the same grid-plate cross-section as
the type 68FG, but with an amplification faotor of 50 and with 3 mil grid
wire,

From Example A, the value of § for the 685 ie

8 % 0.0704 inches.
From drewing K-69087-1A176, for n ® 80, 8 = 0,070¢,
12 67.5 topole

Drawing K~69087-1A178 is a combination of & set of curves end e nomogram
which glves the necessary change in grid turns per unit length teo effect
given change 1in M. |

The velue of hd for the 4ube oan be found from the ﬁ. dg. nd nomogrem by
conneoting n and d with a otraight lme» and reading nd. With the velues of
ad and M known, nS mey be found from drawing M—69087-:}..\1?9. Theée fraluea of
nd and n® determine Qo

The point on the Q axiz is then Joined with the grid wire diameter 4
with a straight edge. The intersection of the straight edge and the Qd exis

is used aa an alignment peint with the change in n on the Ap axis.
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The straight line through Qd and Am gives An, the required change in grid
turne per unit length. The change in n heas the seme eign =8 the change
in 4, 1.6., an increass in n_roquires an incrsese in n.
Example E
What chenge in grid t.p.i. shonld be made to give e GSFS tube an
emplification factor of 807
In this oase ﬁe have
Ap = 90 « 100 » =10
From Exxéple A
nd = 0,397
ns = 5.1‘ 
d = 0.0041 inches
originel n = 72.5 t.p.i.
From curve and nomogram
Q= 986
AN T «2,0 Gopoie
n = Now grid t.p.i. ® 72.5 -~ 2.5 ® 70 t.p.1i,
4. LIMITATIONS
_ The formulee used are subject to appreciable error when the grid-ocathode
specinz is less than the grid wire spacing. This error inoreases as the gride
cathodo aspacing dacreases. Therefore the charts should not be used when
the grid cathode distence is leas than th§ gtid,w;ro spacing. Thoierror is
due to the sssumption meds in deriving formulee (I) and (III) thet, in plene
structure tubes, tho cathode iz far removed from the grid, and, for the case

of oirculer structure, that the cathode is of filementary 8ize.
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A further limitation ie imposed by ‘the assunptions, nemely that the
value of 8 be greater than 4.

The solution of drawing 69087-1A178 is subjoot to en inherent deviation.
This is due to the fact that the function Q is a function of n a8 well as 8

and d. The mognitude of this deviation is given approximately by

Devistion = (On)e
n (1)

The sign of the deviation ﬁ always positive, i.e., the corrsction
should be subiracted from Am when Ap i8 positive, and added to on when
PANS I 1 negativo.

Example F

From Example E

Devietion = (2.8)% = 0.0086 or 0,01
72.5

S8ince Apn is negative the corrected An is:
AR g 2,5 £ 0,00 8 2,50

and R’ 3 72,6 ~ 2,51 = 69.99 t.p.i.
Se JERVIS. FORM FACTORS |

The Jervis Form Factors (4) are empirical constants which are intended
to give the emplificetion factor of tubes which are of neither plane nor
cirouler structure. A series of constants, K, ranging from unity to zero
are given, the value depanding upon the orossesectional geometry oi' the
grid, plate, and cathode. The value of unity applies to e circaler
etructure tube without grid side rods, while the rero applies tp eecsentielly
plene strusture tubes such as the £A3,

Thoe formule given by Jorvis for the emplification faotor is

R (1= K)w # Euo ()



Vhere K is the Jervis form factor
up is the emplification factor for plane stroture. -
Ue ig the amplifioatien fector for circular structure.

The emplificetion factore are celouleted with the Vodges and Elder
formula (2); for which Jervis presented & nomogrem.

In ealouleting the velue of up the grid-plate spacing is tekon as that
messured slong @ line perpendiculsr to the plens of the grid eide rode,
and paseing through the center line of the tudbe; l.0., llongAminor 0.D,
The original formule is based upon messurement mede from the center line
of the grid wires, but 1ittle error is introduced by using the outside
dimension of the grid.

Similaerly, when caleculeting ug, the grid and plate radil are moesured
perpendiculer to the grid side rod piane,

Because these form factors are empirical, the accuracy in the resulte
of thelr use is open to question. It is therefore ndvls;xble in design
work, o derive form factors from existing tubes with cross~asectional
geometry similar to thet deesired. This can bbe dons. by calouleting up
and ug for the known tube, and then finding K from formala (V) which cen

bo rearrsnged as

x‘nn.g

up = uo (Ver)
Exemple G
Find the form factor for the 83FS ’tube.
The dimonsions of this fuba were used in Exemple B, from whioh,
for the oircular oese ¢

nSe = 3,38
From Exemple A
nd = 0,297



Prom drawing M-G69087-1A179
Ug = 66
For the plene case

" 8p & 0,263 = 0,085 = 0,084°
2

nSp = 0,084 x 78,5 6.1
From drawing M-69087-1AL79
ni, = 120

Then, from formula (Ves)

k = 120 - 100 = ©,071
-1.20 - ée

The factor given by Jervis for an elliptiocel grid and a clrouler plate
corresponding to the G8F5 is 0.66; which indicates the déairnbility 6!‘
finding e form factor in each epecial case. | |

Study of formule (III) indicetes that in the region,in which this
formule is ei‘fective. which includes most practiocal cases, 8 has a form
faotor which should be equal tq the Jervis factor.

For the sbove example

Kg = Sp =8 & 0086 - 0.0704 = 0.363
p -~ c 000“ - 000‘65

The difference between K and Ks is 0,008 which ie only 2.2% of K.
This difference is no greater tham the error involved in reading the curved.
%o can now uze form factors besed upon S rather then g, and cen somowhat
siaplify caleculations since it 18 no longer necessary to oslculate up and uge

bu® ravher Sp and 8g. The proper form fector then gives the effective 8, -

s’

end only one caloulation of y is nscessary.

Countersigned 5, F. Peterson (f%’%?, E. Fowler % f%’“ﬂéw

Tube Divielon /4¢3y 194729, Tuboe Division o
/e 79E 4«_:@(2;5‘.&;) /9 £6
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Nomencl;tur:
R = amplificatic;n factor
vp = amyliﬂoation factor for tube considered es a plane
sbructure.
us = amplification factor for tube considered es e circular
atructure,
Aun - chenge in »
a - grid turne per unit length (IPI)
An - éhange bin n |
d - grid wire dhmgter
8 - effoctive grid-plate apaoing
2grid-plate spacing in plane structure

Sr's ln( _ra)in circular structure
s
Fg « radius of grid to center lims of grid wire

¥p « inside redius of plate

Dg = dlameter of grid

Dp - inside diameter of plate

Q-4 2am
4 9n

ln - logarithm to base e

K = Jorvis form factor
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Distributions

LK Alexander, Ken-Red Div., Owensboro, Ky.
KC DeTalt

TA Elder

AC Gable

WB Gillen

DWW Jenks

WL Jones, Utica Tube Vks.

WC Kirk, Ken~Rad Div.,, Owensbero, Ky.
CR Knighs

FH Miller, Utioa Tube Vks,

RV Newmen, “ LI

EF Peterson

RO Poag, Utica Tube Vks.

O Pike

RB Rues

W Telker

GE Valter

RP Vetson

CT Vemgh

JN thite, Ken~Rad Div., Owensboro, Ky.



