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3 MA Y, 1958 

THE MEASUREMENT OF DIELECTRIC PROPERTIES 
IN THE 200-5000 MC RANGE 

A simplified method and a new slotted 

line have been developed for the meas­

urement of the dielectric constant and 

loss of low-loss solid insulating materials 

in the 200-5000 Mc frequ ncy rang . The 

basic method is a modifi ation of one 

previously described by Robertson and 

von Rippel, 1 and Dakin and Works. 2 
Method 

If a section of open-circuit d trans­

mission line is filled with dielectric as 

shown in Figure 1, the dielectric constant 

and di sipation fa tor can be determined 

from measurements of the inpu imped­

ance to the section of line filled with the 

dielectric and from a knowledg of the 

frequency and the ample length. The 

input impedance, zi, can be calculated 

from measurements of the standing­

wa ve pattern pr sent on the air-filled 
section of line shown in the figure. The 

actual calculations are complicated by 

the fact that the equation which has to 

be solved is complex and transcendental, 

and they become particularly involved 

when a low-loss dielec ric is being meas­

ured, in which case the resistive losses in 

the line are usually larg compared with 

the dielectric losses in the sample. The 

whole procedure can be greatly simpli­

fied if either the sample length or the 
frequency is adju ted to make the elec-
•, . Robert on. A. von Hippel, Journal of Applied Physics. 
17, 610 (1946). 2 • VI'. Dakin. C. N. Works, Journal of Applied Physics, 
18. 789 (194 7). 
(For an ex0cllent treatment of dielectric mea urement • 
see also A. von Hippe!. Dielectric Jlliatericils and Appli­
cations, .Tohn Wiley and Sons. New York. 1!:)54.) 

Figure 1. 

STANDING 
VOLTAGE 

WAVE 

)\0 I ---- 2 --.... ·� 

AIR, 
DIELECTRIC 
CONSTANT,1 

trical 1 ng h of h ample an odd mul­

tiple of a quarter-wavelength, so that 

the voltaO"e minimum on the air-filled 
section of the line 1vill appear a he 

front face of th ampl- . Und r th 

conditions the quation for th di lec­

tric constant and dissipation factor are 

the fallowing: 

I(= (:� )2 (1) 

where 

).. D= - -A 
7rlp 

I( is the dielectric constant 
D is the di. sipation factor 
X is the wavelength in fre space 
l i the phy ical length of he sample 

(2) 

N is an odd integ r whi h is equal to the 
number of quarter-wavelengths in the sample 

A is a constant which corrects for the re is­
tive lo» e in th line condu t r and 

p is the V WR on the air diclcctri line. 

Since a voltage minimum will appear 

at the dielec ric face at frequencies at 

whi h he elec ri al 1 ngth of he sample 

l 
(equals _ / -) is 74'., %, %, etc., wave-

v I( 
length one m a uremen i not suffi­

cient to giv a unique value of the on­

stant. M asur ments at two frequencies 

properly cho n will giv a unique olu­

tion. In many instances the diel ctric 
cons an i approximat ly known, and, 

th refor , the proper in eger for N can 

b cho en by in- p ction. 

In practice, hO\"\i ever, it is not possible 

to locate the voltage minimum accu­

rately and to measure the s anding­

wave ratio wh n the minimum i dir c ly 

a the fron face of the sample. It has 

Figure 2. 

AIR, DIELECTRIC 
CONSTANT, 1 
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been d t rmined, ho\Y ver, hat, with 

small modification of the imple expr 

sions prcviou ly pre en d, one an 
mea urc the d.iel tric proper ies with 

the vol tacre minimum in th· icinity of 

the sample and y far no ugh a\v y to 

mak th s 1 ction of the fr quency non­

critical and to permit the measurement of 

VSWR by a width-of-minimum m thod. 

L us a urne that the di lcctric is 
exactlv an odd multiple f a quartcr­

•vavcl ngth long nd that the voltage 
minim 1m i direc ly a the front f ac of 

the sample as shown in Fie-lir 2. under 

th e condition., I( and D an b cal­

culat d from � quat ions (1) and (2). 

Tow suppose that a small amount of he 

diel ctric near the voltage minimum is 

r mov d a indicat d by the cros -

hatch d sc ·tion in th figur , wh r the 

length of ample r moved i indicated by 

x. If the sample has low los the voltage 

app aring at the voltage minimum rela­

tive to the voltage at other points along 

the lin� i very mall and, therefore , the 
eff ct of dielectric n ar this point in the 

line is small compared to the eff t at 

other po in ts along th lin . Con 

quently, the removal of the diclec ri in 

the ar a n ar the voltage minimum has 

very littl ffect on the po ition of the 

minimum on he line. The dielectric con-

X = DISTANCE FROM 

FACE TO VOLTAGE MINIMUM 

.l = LENGTH OF SAMPLE 

O . t L-----------..L__ _______ _ __, 
100 1000 10,000 

FREQUENCY- Mc. 

stant can , therefore , b m a ured with 
the voltage minimum slight ! ahead 

of the dielectri' face with a n glicribly 

small error. Th modifi d equation for 

dielectric con tan is: [ N)o.. Jz !<: = 4(Z + x) (3) 

The above quation i based on the fol­

lowing approximation: 

1 
--= tan cv'K {3x) = tan {3x (4) IC 

where (3 is the propaga ion con tant in 

fr pace. The ITor in the determina­
tion of J..;. re ul ting from the use of this 

approximation i : 

(5) 
The value of x •vhich re ults in a 1 % 
error is plo ed in Firru1e 3. A indicated 

in -1 qua ion (5), th rror van a the 

cub of x. 
Th sam ondition holds for mea ur -

m nt of the di ipation factor. Near 

voltage minimum th di 1 ctric l os is 

low bccau e of th relati.,.,�eI low olt­

age and ,  therefore, th di 1 ctri can be 

rem v d near the minimum without a 

significant hange in the over-all dielec­

tri lo . Th r sistive loss in th con­

ductors in th area wh r the di le tric 

is rem ved i prac i ally unaff ct d ince 

th urren di ribution remain practi­

cally the ame. The cqua ion for dis­

sipation factor becom 

D .6.10 -A 3(l + x) (6) 

where .6.10 i he width of the voltage 
minimum m a ur d at point "h re the 

voltage i 10 b gr ater than th voltage 

a h voltage minimum. The v lue of A, 

which repres nts the lo in the air-

Figure 3. Distance x, from voltage minimum to 
dielectric face, to produce 1 % error for various values 

of dielectric constant. 
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filled line, can be obtained from a meas­
urement of the VSWR on the line with 
the sample remov d. The equation for 
A is: 

A _ t:.' io 
3l' (7) 

where the width of the voltage minimum 

M AY, 195 8 

between 10-db points, t!i.' 10, is measured 
with the sampl r moved, and wh re l' is 
the distanc in cen tim ter between the 
voltage minimum a which the V WR is 
measured and the open end of the line. 
For maximum a uracy, the length of 
line measured should be as long as pos­
sible. 

THE TYPE 874-LM DIELECTRIC MEASURING LINE 
As is obvious from the precedinu de­

scription, in the proposed measurement 
method the slott d line and the sample 
holder must be one inteCTral unit. The 
instrument designed for thi function 
utilizes a coaxial transrni sion lin whi h 
consists of an accurately ma hined 
bronze outer tube having an inside di­
ameter of 0.562" (7 /16) with a 0.002" 
overlay of silver on its inner surfa ·e and 
an inner conductor 0.250" in diameter 
al o with a imilar v rlay. he lin i 
sufficiently long to accommodate samples 
up to 45 centimeters in length. The 
minimum frequ ncy at which measure­
ments can b made by the implified 
m thod previously described depends 
upon the dielectric constant of the ma­
terial being measured and i approxi-

200 mately !min = VK 
Mc. Of cour e, meas-

urement can b mad at lower frequen­
cies by the more complica-t d method 
previously referred to. The actual low­
frequency limitation i primarily de­
termined by the en itivity of the de­
te tor. 

A movable carriag containing the 
probe rides on the accura ely ground 
and lapped outer surf ace of the bronze 
tube. The position of the probe and 
hence of the voltage minimum on the 
lin , can be determined by means of an 
indicator on the centimeter scale to 

Figure 4. losses in the slotted line it self, as measured, 
and as c a lcul ated for smooth silver surfaces. 

within ± 0.0 1 c ntimeter. A ID1 rom-
t r vernier dri e on the carriage j pro­

vided for \vidth-of-minimum mea ure­
ments. The microme er i capable of 
measuring the width of a minimum to 
within 0. 0002 centimeter. 

SOURCES OF ERROR 

Line Losses 

As previously mentioned, in measure­
m nts on very low-lo materials the 
lin los an b large compar d to he 
dielectric loss. Th effective dissipation 
of the line itself, A, caused by resis ive 
lo i plotted in Figure 4 as. a function 
of fr qu ncy. For purely r i tive los e , 
the effective resistance per unit length 
increase as the quare root of frequency 
as a r ult of kin eff ct and, hence, he 
eff tive di ipation factor per unit 
length decrea a the square root of 
frequen lso plotted on Figure 4 is 
the calculated dissipa ion factor a sum-
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ing moo h pure- ilver, inner and out r 

condu ·t r 'urfa · ' . Not hat th agr e­
ment is quite good. 

The rati of th diel ctri lo to h 

i· i tiv ' los; on th l in varie with 

both th di ipa ion fa tor of the sample 

under te t and th frequ ncy. It i in-· 

dep nd nt f the l ng h of h ampl 
when th V �\VR m a ur m n 1 1nad 
close to the dielectric fa . Figur 5 i 
a plot of thi ratio for a normaliz d di -

ipation fa tor 0.0001. In other words, 

at a fr qu nc of -oo M the ratio for 
a diele ric material ha ving a di ipation 

fact r of 0.001 would b 1.4. I i o bvi­

ou that at lower frequenci th ratio 

b omc m ller , and hen , an a 'lu·at 
m asurcm nt of line los i er im­

portant. mall errors in this measure­

ment ·an hav a larg ff on the 

mea ur d di ipa ion fa ·tor f low-lo s 

mat rial, at low fr qu ncie . 
F ringing 

In an open- nd tran mi i n lin , 

fringing capa ·itan exi t a th end of 
the conduetor . Thi apaci ance make 
the transmission lin app ar long r 1 c­

trically than it i phy i all '. Fio-ur 6 

show th re ul ts of mea urcm n t made 

on th fringing ·apa ·itanc in the co-

0.3 
MEASURED DIFFERENCE BETWEEN 

�o x 0 � M
= DIELECTRIC LOSS 

RESIST IVE LOSS 

�.21--��-r-���--jt--��---t-:.,.-.c�--t���---j � a. 
5 :::> 
� .l

j-
-��-+-�-;;r"��t--��-+-��--t����� 

� 

200 500 IOOO 
FREOUEr:cY- Mc 

2000 5000 

Figure 5. Ratio of loss in sample to loss in l ine 
norm alized for a D of 0.000 1. 

axial diele tric-measuring l in with the 
di electri remov d. The added 1 ctri al 
Ieng h, resultino· from the frinrring ca­

pacitance of 0.15µµf i approximat ly 

0.23 entim t r. hen di le ·tri amples 

are pre ent th cffectlv added 1 no-th de­
crease approximat ly proportionally to 

h liclectric on tan f th in. ulat ing 
mat rial. Th corre ti n f r fringing 

capacitanc can be in luded in th di­

le tric-con tan equation a indi a d 

below or, if a suffici n tl long di 1 tric 
ampl I u ed the err r n o-lirrible. 

Air Gaps 

0.46 
l (8) 

Air gap b tween th ample and the 
dicle ·tric conductors of the ransm1 ion 

ELECTRICAL 
ANO PHYSICAL LENGTHS OF AIRLINE CAUSED BY 

0.2 
E 0 

0.1 

0 

FRINGING 

--1 
I =;::::. c 

t50-0H
M 

I I 

AIRLI 

2 

CAPACITANCE AT OPEN 

E 

+ + 

�L 
�.L = 0.23 cm 
EFF. C � 0.15 µ)'f 

3 4 
FRE UENCY-KMc 

END OF LI 

+ 

5 

E 

_._ ..... 

7 10 

Figure 6. Effective in­
crease in l ine length 

caused by fringing. 
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� -5 >---------+---+---+- @ GAPS 

� 
(/) 
:z 8 - 4 1------+__,,__ __ ---t-___ -r--t-------j 
<..> 
0::: 
I­
<..> 
j-3 1-------1+-----r.,,_---+------1 
w 
C> 
:z 

0::: -2>----->----+-->'----+-----�t-------1 
0 
a:: 
0::: 
w 

0 .0005 .001 .0015 .002 

INNER ANO OUTER AIR GAP. - INCHES 

Figure 7. Error in K caused by air gaps between di­
electric sam ple and inner and outer conductors. 

line cause error in the measurements . 

Figure 7 indicates how for a giv n gap 
tho e errors vary with the dielectric con-

stant on the coaxial lin crib din thi 

article. The minimum practical gap is 
one of the fa tor whi h et a limi on 
the maximum dielec ric constant which 

can be mea ur d to a g1 ven accuracy. 

Probe Coupling 

· As a prob approach the di 1 tric 

sampl , its eff ctive coupling to the 

center conductor will increase as a result 

of the di 1 ctric ffectively increa ing 
the capacitance between the probe and 
line. The point at which the probe 

Figure 8. Variation in probe coupling as a function of 
distance between probe and dielectric face. 

251--- INCREASE IN PROBE COUPLING NEAR 
DIELECTRIC FACE 

' a> FREQ. I Kc 
'? 201------+-- FLAT LI NE ----+------+---< C> z 
:::; a. � 1511-----'--+-----+--­u 
� 

��������� � 101-\-----+---- � 1 Kc 
� I i· 
� PROBE TIP SET jf, FROM 

- 5 A--o<>.-----+---- CENTER CONOUCTOR 

0 0.1 0.15 0.2 

DI STAN Cl': BETWEEN PROBE AND DIELECTRIC FAt:E. Cm 

MAY, 195 8 

coupling i significantly affect d is the 

minimum distan e whi h an b toler­
ated b we n the dielectric face and 
probe . Figure 8 shows the varia ion in 
prob coupling as a func ion of dis­
tan e measured in the line described 
lat r in this arti •le. Note that , for rela­
tiv ly low-loss di le tric material with 
di le ric cons ants even a large as 
9 000, th incr a in coupling is very 
small at distances gr at r than a rnilli­
m ter . Th ref ore, th probe should not 

be allowed to approa h clos r than a 

millim t r wh n either the position of 

the minimum or th width of th m1n1-
mum is measured. When high-los ma­
terials ar m a ur d, and th mm1mum 
is very broad, an even larger minimum 
spacing i n c ssary, b cause ev n a 

slight variation in coupling will shift 
th apparent c nter of the broad mini­
mum. Figure 9 show the r ults of 

measurements made on various samples 
in order to determine he ff e t on the 

po ition of th m1n1mum a a r ult of 

added probe coupling. In thi figur 
the po ition of the voltaue minimum 

with respect to the front face of the di­
el ctric is plotted a a f unction of wave­

length for sampl having various dis­
sipation factors. If prob couplinrr were 

con tan , tl ese urve ' ould be straight 
lin s. Not ha for the two relativelv 

low-lo s sampl , th variation follows 
the linear law until a spacing of less than 

Figure 9. Effect of probe coupling of position of 
minimum. 
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0.5615 OD 0.2505 l.D. 0_5605 
1--4-

0
-.2-r ---� �'i:CiS 

To;;u;;IS 

Tl_-- .e ---� 
HOLE MUST BE 
ACCURATELY CONCENTRIC 
WITH O.D. 

Figure 10. Dimensions of sam pl·e. 

one millimeter is reached. The sample 
having a very hiuh dissipation factor, 
hmvever, sho,vs that the position of the 
minimum is aff cted at spacings up to 
0.3 centimeter. 

The Sample 

One limitation of the proposed method 
is that the amples must be at least a 
quarter-wavelength long, and at the 
lower frequen ies this length may not be 
ea y to obtain in a single ample. How­
ever, the quarter-wavelength section can 
be made up of a number of shorter 
leng hs, which can be easily machined. 
Another limitation is that either the 
frequency or the length of the sample 
must be trirnm d to obtain a voltage 
minimum within the limit previously 
described. If the measurements must be 
made exactly at a specified frequency, 
some cut-and-try work must be done on 
the samples th mselv s. The dimen ions 
of the sample are shown in Figure 10. 

The use of an open-ended line greatly 
simplifies the m hanic f the insertion 
of the amples and eliminates the need 

Figure 11. Sample is easily instal led by means of 
tool furnished. 

for and the complication of th quarter­
wavelength section of short-circuited air 
line ordinarily used to produce open 
circuit at the end of the sample in most 
earlier open-circuited me hods, .and the 
need for a very low-los short circuit 
directly at the nd of the ample re­
quired on earlier short-circuit methods. 
Also the technique of shifting frequ ncy 
until the minimum appears near the 
di lectric face results in a very great 
simplification in the calculations required 
to obtain dielectric constant and dissi­
pation factor. The techniques of inser­
tion and removal of the sample are shown 
in Figures 11 and 12. 

Detector 

The detector which produces the best 
results in this application is heterodyne 
type in which the signal from the probe 
and a signal from a local oscillator are 
applied to a crystal diode mix r and the 
difference frequency output 1 amplified 
by means of a fixed tun d I-F amplifier. 
The T PE 12 16- nit I-F Amplifier, 
TYPE 87 4-MR Mixer Rec ificr and 
various Unit Oscillators are well suited 
to this application. Th se are available 
in complete combinations as the Type 
DNT Detectors. The r-f mixer is ac­
curately linear over a voltage range from 
about 80 db and, h nee, the r lative 
level of the signal picked up by the probe 
can be easily measured by means of a 
calibrated step attenuator and calibrated 

Fi gure 12. Tool for rem oving sample is a ls o  furnished. 
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output meter in the TYPE 1216-A I-F 
Amplifi r. With a he erodyne d tector, 

an unmodulat d signal can b used to 

ex i the line, thu climina ing error re­

sulting from in idental frequency modu­

lation produ d wh n th- o cillator is am­

ph ud modulated. This type of d tee or 

ha hirrh sensitivity goodlinearity andex­

c llent discrimination again harmonics. 

Oscillator 

The requirem nts for the o cillator 

u ed to excite he line ar not exac ino-. 

imp le, low-po-v r, un bl c-w oscil­

lator having good stability uch as the 

GR line of Uni s illators, ar r om­

mended. Signal o· nera or are also at­

i factory sourc s. Since a high- n itiv­

i y detector i u ed, the oscillator can 

be dir ly coupl d to the lot ed lin , 

preferaBly throuo-h a re i iv p d "·ith­

out the use of tunin elements_ 

The complete etup, including gen­

era tor and dete tor, is ho\.vn in the 

block schematic of Firrure 13. 
Frequency Limitations 

The maximum frequency at which re­

liable m a urements can b mad is 

that at 'vhi h h fir t high r-order 

mod can b propag t d in th di l ctri 

under tes _ In th air-fill d Lin the fir t 

higher-order mode, which i a cir um­

f erential mod , ha a utoff frequ ncy of 

abou 9000 Mc. Thi cutoff fr quency 

decreas s a the square root of the di-

L-P FILTER 

[LOcALL___J----, � j ___ I 

DIELECTRIC 

SAMPLES 

MAY, 19 5 8  

DIELECTRIC-MEASUREMENT SETUP 

CALIBRATED 
METER 

Figure 1 3. Block diagram of complete dielectric 
measuring system. 

electri con tan and hence the upper 

fr qu ncy limi i 9000/VK. 
Accuracy 

With this instrument accurate 

traightf or ward rn.ea ur m nt on ma­
t rial havino- di lee ri ·on tant be­
tween 1 and 10 and di ipation fa tors 
b t' en 0.0001 and 0.05 'an b made 

with an a ura y of about ± 2 0 in di­
el tric con tant and ± (5 0 + 0.0001) 
in dis ipation factor ov r a fr quency 

rano from abou 200 to 5000 M . The 

diel c ri - onstant accuracy is tisfac­

tor. for mo applicatio1 , and 
.,_
he di si­

pa ion-£ ctor r olvino· pow r make pos-

ibl r a onable mea ·urem n s on vcn th 

lowe t lo mat rials presen ly available. 

Applications 
Figur 1-! how th re ult of meas­

urem n made on rreflon ov r a wide 

rano- of frequ ncy. - . A. ODERMA 
Figure 14. Dielectric constant and dissipation factor of Teflon as measured on the 

Type 874-LM Dielectric Measuring Line. 
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GENERAL RADIO EXPERIMENTER 10 

SPECIFICATIONS 
200 

Frequency Range: Minimum , � / ,.. Mc; Mn..ximum 
9000 � 1� 

5000 M · or J( Mc, whichever is the mall r. 

Measurement Ranges and Accuracies: Dielectric 
Con1:'ta.nt (I() ± 2% for values of [( between 
1 and 10; Di sipation Factor, ± (5 + 
0.0001) for values of dis ipation factor b tween 
0 and 0.05. 

Sample: Cylindrical; O.D., 0.561 inches; I.D., 
0.250 inche ; length dC'p nds upon dickctric 
constant and fr quency; long ample can be 
mad' up of , numbC'r of hort cctions. 

Type 

Micrometer Scale: Can b read to 0.0002 cm. 

Accessories Required: Gen rator and d 'tector; 
Gen ral Radio Unit Ost·illator:;; (with TYPE 
1201-A nit RC'gulated Power upply) and 
Type DNT Detectors, respectively, are recom­
mendC'd . A complete li ·ting of these will b 
found in the March, 195 , issm' of the Experi­
menter. Al o r quir d, on TYPE 74-06 6-db 
Pad and on TYPE 74-G3 3-db Pad. Appropri­
ate TYPE 874-F Filters are also r commended. 
Dimensions: 26 x 4Y2 x 3 Y2 inches, over-all. 

Net Weight: 9 3-'2 pounds. 

Code Word Price 
874-LM Dielectric Measuring Line ..................... I COAXFACTOR $400.00 

OPEN HOUSE AT NEW CONCORD PLANT 
On Friday June 6, 195 , from 1 :00 

P.M. until 4 :00 P.M. the General Radio 
Company will hold op n house a its 

newly enbrged plant in W t Concord, 
Ma . , located between l\1a sachusetts 
highways Routes 2 and 62. We invite 

all of our cu tomers and friend who are 
int r ted to attend. Ample parking fa­
ciliti s are located immediately adj acent 
to the buildings. 

Open for inspection: 
* Many op rating di play of th latest 

GR in trum nts. 
*The engineering development labora­

tories. 

*The well-equipped model shop, in 
which the first model of new items 

are made. 

* tandardizing laboratory, where all 
GR instruments are calibrated, 
checked and certified prior to hip­
ment. 

*In trument- and component-assem­
bly departments. 

* Variac winding, assembly and te t­

ing department. 

* Supporting department , u h a pro­
duction planning, purchasing and 
shipping. 
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1 1  

IMPROV EM E N TS I N  
The TYPE 1490 Decade Indu tor and 

the TY PE 940 Decade Inductance Un its 

have recent ly been redesigned to use 

a newer type of switch .  As a resu l , the 

Q ' s  of the low-inductance units have 

been improved and the resonant fre­

quenc ies of the h igh-inductanc un its 

have been rai . Th e two improve­

ments come about from he I wer and 

more stabl con tact resistance of the 

new swi ch and from a change in the 

swit h ing method . 

The new de ade switch has h igh­
quality, ceramic ta tor-an d-rotor mem­

bers and uti l ize a w  1 1-defined bal l-and-

ocket d ten . All con act are made of 
a so lid-sHver al loy and have a positive 

wiping a tion. This switch is inheren tly 

rel iable in  extensive u se and should not 

require bothersome cleaning or adj ust­

ment in service. 

The d-c resistance at zero setting of 

a four-decade TYPE 1 490 De ade In­

ductor with the older witch i over 400 
rni l l iohms, while with the n w switch it 

is approximately 30 mill iohms . The 

former value is a sub tantial part of he 

t otal resistan e in the lowe -inductance 

decade, where the improvement ranges 

from 6 . 2  : 1  for the 1-mh tep to 1 . 6 : 1  for 
the 1 0-mh step . Ther is a correspond­

ing i mprovement in Q a low frequen ies, 
as shown for th 1 -mh step in Figure 2. 

A differ nt method of switch ing has 

lowe1 ed the tray capaci tance across 
the active indu ctors, with a consequent 
increase in th ir resonan t frequency. 

This is mo t important on the high-in­
du c tan ce d cades but is also signi ficant 

for the lo w r decades of a TYPE 1 490 

Ass mbly. Originally , four inductors of 

u n i t  values 1 -2-2-5 were connected in 

series, and those inductors not required 

for any setting were shorted out by 

S\\ i tches . This added the resistance of 

MA Y ,  1 9 5 8  

DECADE I N D U CTORS 
�� 

Fi gure 1. View of the Type 1 490-C Decade I n ductor. 

th , clos d switch s in series with the 

a tiv i ndu r and phcPd th gr und 

capacitance of th unused i n d u  ors 
across the a induc rs b Im h rn 
in the rie cjr  L l i  • 

With the n w swi tching sequence he 
number of swi tch con t acts i n  c ir u ] t  1R 
min imi zed , and unu ed inductors ar 

F igure 2. P l o t  of Q versus frequency f o r  t h e  1 -m i l l i­
henry step i n  the old and new decade indu ctors. 
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G EN ERAL R A D I O  EXPE RI ME N T E R 1 2  

compl t. ly· di nn c d. The resu l an t 
r l h  

n 

figure 3 .  View of the Type 94 H Decade 

l nd u cto n c  U n it. 
th " w i t  
I w i  t h  T Y PE 

l tt r } aYe 

N w Re pla.ces 
yp ( W, 

940-E 

940-F 

940-G 

940-H 

1 490-C 

1 490-D 

940-A 

940-B 

940-C 

940-D 

1 490-A 

1 490-B 

b n a ' · i g n d a. 

Imlll la nr 
1 m i l l i h e nry/step . . . . . . . . . . . . . • . . . . • . . . . .  

1 0  m i l l i he nrys/sle p . . . . . . . . . . . . . . . • . . . • • •  

1 <00 m i l l i h e n rys/step . . . . . . . . • . . . . . . . • . . .  , , . 
1 h e nry/step . • . . . • . . . . . . . . . . . . . . • . •  , . • . .  

1 . 1·  1 h enry m a x, 1 1m h  1sto p . . . . . . . . . . . . . . . . .  1 
1 1 . 1, 1 h e nry m ax, 1 m h  ste p . , • • •  , • • . . • . . . . . .  

EQ U I PM E N T  L E A S I N G  

< ·r,i;r:,1 p , A "l:f 

Price 
$ 1 00.00 

1 00. 00  

1 00 . 00  

1 1 0.00 

330.00 
440.00 

� om l. rs h av, f nnd i t  I . fr. bl 
i 1 as l . e t L 1 i pmPn t r:i. Hwr i luu t 
pur ·ha e i t  on t ri ht .  

f · n · rn. \vhieh rnak a b min . 

\Y do n lt ha 'P arra1 m u t s  f r 
c.lir · t  1 u · i 1 1  L u t  there a. r  a numb r ' 

1 :..ving.  T . ·houl 1 b ·]ad i 
t h  . · m r . ed the 1 am . 
firm.- w h  1 h p · 1al lz in th 

I qmpm u . 

f 

f 

en era/  R a dio Compan y 
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