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U-H - F MEASUREMENTS 

WITH THE TYPE 874-LB SLOTTED LINE 

• ONE OF THE IMPORTANT BASIC MEASURING INSTR U­
MENTS USED at ultra-high freque-ncies i~ the ~ Iottcd unc. With it the 
sto.nding-wtwe pat.tern of the elcctric field in :\ CQU..xi:li lr:lll ~mis,;i()n lint' 
having:l knO\nl chn.l1lctclislic impedance can IX' uccumtely deil'l'lllinoo . 
From n knowledge of the sttlnding-wavc pattel'll !:iC\'eml char:wINistil''l 
of the cil'cuit cOIlDccted to the loud end of ,Il(' ~loul'd linl' can h(l 01,. 
IniuN!. For instance, the dC'gl'ce of mismat ch hctw('('11 the load lind lh(' 

!1':Inslllis.'Iion line can be clllt:ulated from the mtio of the arnpiitlldr of 
the m:tximulll of the wl\\'e to. the amplitude of the minimum of till' 
\\'ave, which is ealled the voltage st:illding~\\'a\'e ratio, I·S Ir!? TIll' 
loo.d impedance can be calcubtcd {I'o.m the stallding~w:we rutio .:tllli 

the po.<;i tioll o.f a minimum l)Oint on the line with l-cspect to. III(' load . 
The \nlvc1ength o.f the exciting wave cnn be measured by obtaining 
the difltllllce between minimn, preferably with a 10$.<;11'88 lond to. ohta in 

Fillure 1. View o f equipment for ,tQndinll'WQve Qnd impedQnce meQlur"m"nll, CO.,,;'I. 
inll Qf Typ" 87A·LB S!Qlled U ... with Typ" 87"·lV Microm"t"r V"mi •• , Type 1231.P" 
"djonIQbl" """""QIO', Typ" 1231.11 Amplifl"r with Type 1231.P2 Tl.O\4!d Circuit, Qnd 

Type 87"·R32 PQlch Cord . 
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GENERAL RADIO EX PERIMENTE R 

the greatest resolution, as successive 
minima or maxima arc spaced by one­
hltlf wavelength. The properties outlined 
tlbove make the slotted line valuable for 
m:my different types of measurements 
on antennas, component::;, coaxial ele­
ments, and networks. 

DESCRIPTION 
The 'j'VI'E 874-LB Slotted Line' is !l 

5O-0hm, air-dielectric, coaxial transmis­
sion liue witb 1\ longitudinal slot ill the 
outer conductor. Tbe inner conduc­
tor is supported, at its ends ouly, by 
two TYPE 874 Connectors, thus mini­
mizing reflections and discontinuities 
caused by dielectric suppom. An elec­
trostatic pickup probe, mounted on a 
sliding carriage, projects through the 
slot and samples the electric field 
within the line. Coupling between line 
and probe is adjustable by changing the 
probe penetration, and the maximum 
longitudinal travel of the probe is 50 
ems., which is one-half wavelength at 
300 Mc. The position of the probe is in­
dicated on ao adjustable centimeter 
scale mounted on the line as shown in 
Figure 1. The carriage can be moved 
along the line by grasping the knob or 
the base of tbe carriage nod slidi ng it, or 
hy lighlly pressing down and turniug the 
knob. The knob is attached to a pair of 
Inpcroo disks which span une of the 
reinforcement rods. When the knob is 
pushed down , the tapered disks grip the 
''J'hU''''Ob. IV It. ,,;:;,",t'r~ C""'l>le'~ Co ... ia! ,\I_Tong 
t~u,pmMl (nr lh~ L:.J(."F l!Ab,~." G .... <TGI R<Ulio /Ix"",,'· 
"''''r ..... \'1)1 ~4. »;" 8. J~" .... ry. 10f,(l. 

, 
rod and roll along iL when turned, Lhlls 
driving the carriage. 

Either II crystal rectifier or Ii receiver 
(·tlll be USL>d as a detector of the r-f volt­
age induced in the probe. A built-ill crys­
tal mount is incoq)ol'atcd in the carriage, 
ami a Tn.,; 874 Con nector' is provided 
fo r the receiver. When the crystal is 
used as Ii detector, it is tuned to the op­
erating frequency by a TYl'k; 874-D20 
Adjustable Stub, which plugs iuto a eOIl­
nector on the probe carriage. Usually a ll 

ampli tude-modulated signal is used witb 
the crystal detector, and the crystal out­
put is an audio-frequency voltage, which 
is fed through a. calibrated attenuator 
into an amplifier supplied with an ill­
dicating meter, such as the TYPE 1231-
P4 Adjustable Attenuator and the TYPE 

1231-B Amplifier and Null Detector. 
The a-f voltage is very closely propOI'­
tioua.1 to tbe square of the r-f input 
voltage over a wide range of input volt­
age as shown in FigW'e 3. The charac­
teristics of several detect.ors :l.re outlined 
in Table 1. 

PERFORMANCE 
Frequency Range 

The usable frequency range of the 
TYPE S74-LB Slotted Line is deter­
mined by the type of measurement being 
made. For general impedance measure­
ments, the slotted section of the line 
must be at least hnlf a wavelength long, 
wh ich sets the lower-frequency limit nt 
300 Mc. However, satisfactol'Y operation 
for muny applications at. somewhat 

figure 2. Top view of lloned line, wi", Mi"omerer V.mler ond 20'(1)1, . rub. 
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TABLE 1. DETECTOR CHARACTERISTICS 

D'~':(.''l'OR OSCll.I,ATOH SIGNAl, EQ1)l1'.\lf:N'l' At)l' A:-"TA(a:s Dl>'ADVA!'TAU t:z'! 

-
Crystal Modulated Audio I1mpUfier~ with indic!lt-- I. Good ;;ensitivity if audio L i-I!\rmouic rejection poor, 
( Built in) (Tnt; 1209-A U- H-!' Oscil- iug met1)r (T YPE 1231-B Am- nmplifier gain ndcquale, i\lay Cllu;;e trouble in meu.;.-

lawr and T YPE 1207 Modu- plifier wilh TYPE 1231-1"2 2, Simile. uremelltof hifh SWR 's, Cau 
lalOr, or Tn' r, 1021-AU U- "ilter and preferably Tn!: 3. Wei shielded. Lenkage in be rured by O\\'-pass filter . 
H-F Signal Genemtor can 1231-P4 Calibrated Attenua- measurement of high S\VR's 
be used from 250 to 92() lor), l1ir1l1y 1\ problem. 2. If ~ine-wl\ve modulatiOTl 
M e. ) 4. Performance when """ used, frequency modlllaUon 

with 'l'Yn: 874-1'500 and IIsu"Ur produced lit upper 
TnE 874-F1000 Low-Pt188 end 0 oscillntor frequency 
Filters aatisfBetory for mogt rallge may ClLllse trouble ilt 
mensurements. mensurement of very ::ih 

5. Covers a very wide ffl,,'- SWR'!J, SqulLTC-wnve m u-
quency range. latiOIl eliminates difficulty. 

- --
CrYl;tll1 C W J\'1 icroammeter Wi lh "ensitiv- L Simple. I . Ln;;ensitive, requires large 
( Built in) (T n!; I:'>()\)-/\ U-H- I" Gsei l- ity of 50 j.I(I or heuer. 2. Co"e]';! [1 very wide (requen- oscillator power. Oscillnwrs 

lalor or Tn.: 1021-AU U· cy rllnge. referred w do not hlLve Rde-
H-r' Signnl C enernlor "an qU ll te output even for mod-
I>e used from 250 to 920 crately high SWR meflS-
~I c. ) uremen\.l!. 

- - ---
Receiver CW Tn'!> 8i4-MH Mixer Rect i- l. Good sell.aitiVi~f I. Requires several pieeei! of 
(TYPE 874-MR (1'n.: 1209-A U-II-F Gseil- fier,' THE 120S-A or 1209---.:\ 2. Very well shie ded again<!t :;?Uipment. Fiowever, much 
M ixer ]ator or T YPE 1021·A U U- Oscillator lind either a 0010- leak:tge. o this is usu:dly ,wailahle 
Ref'ti ficr ) J'I-F Signfll GelJefll\.Qt elm muniCl!tiOIlIl receiver or t.he i-f 3. Coven I\. wide frequency in the laborator;.r. 

he 1L"a1 from 250 ' 0 920 Ilm\Jlifier section of an AN I range. 
M e.) AP t4 or ,m AN/,\PRI re- 4. Good selectivity. 

ceiver. 

Receil'er CW Receiver. I. Good senl!itivity. I. Some receivers lire not auf-
(Such II.!! ('I'n.: 1209-A U-B-F OS(~i]- 2. Good :oelcct.ivity_ ficiently well shielded for 
AN/ APR-4 , ]!ltor or 1'YPfl [021-AU U- use at very high frequen-
AN/ APR-I, FI-FSigfln! Cenemtorcan be I cies. 
etc.) used from 250 to 920 Mc. ) I 

'Thu ... ,,,n. W. !! .. '0<1- .it. ''''''11'''1.'. E .• "TypE 874,~1R ~ti.e< n ""dfier ." f..'.,.",.;m~IC'. \'01. 24. ,",0. 12, ~Iay 111.;0 
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GINERAl RAOIO E X I'ERIMlNTU, 

lower fr(,()lIcnrics l'an he obtained by 
ndding 1(>llgt hs of 1'\"1>.: 874-l~30 Air Line 
l)('twC('n th(> 10;1(1 1lI1d 'he fl lotted linc 
and mOl'i ug them \0 thE' other end of th(' 
:<II)Ul'd lirlf' to IIlnkl' nWll.'lurcnl('nts t"!()/o;I'I' 

to thf' load, The Icngth!oi ::;hou ld be moved 
alll':lfl !If the fllQtted linC' mther than 
rOlllll l", Ply remunxl, AA undf'r the f orm('r 
l'undili()lJ~ the gCl1l'rntor Sff'fI:l ('OilS/lint 

impC'tllllwl' nnd, heIH'f'. i~ ~ vol wgc and 
rn'qllcncr do not dHmgc, T Ilf' upper fn'­
qurrwy limit if! fie! hy tIl{' frequent)' al 

II hidl 1 he rt,nections fmlll I he ronllc(,'tOrll 
8Nio\l:-I~ aff('('1 ,h(' 1ll('II.'lUrClm'nts Ilnd, 
ill thr extreme, b,Y IiiI' ('ut-(l1T fre(Wf'n t!,v 
for the propagatiunof hi,l;!IICI'ordf'rmocli'S 
along the lint', Fip;urc I .<;howJ'I I he I'{'­

n{'{'lion from :l pair (If ('Olllle-ctOI"l) a:' a 
fUJll"tion of frl'f[ueney up to -I,o,()Q ,\It!. 
'I'll(' (,lIt-olT fr('(llIf'Il<',V for 1 lIP first higher 
ordl'r mode is about onoo ). 1(', 

COlutancy of Probe Coupling 

No slotted line is pNfeet. lind 8lighL 
impcrfectiollS in con~tnletioll lI'ili 8hOI\ 
up as nl rifltion~ ill {'oupling hetween 
lilll' and prohe, Tlre:,1' \"tl riatiollS a.rc 
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Fl,ur4 •. Stond;"g'wove rol;o of Type 87. Coo,,;ol 
Connector$ 00 0 fvn(lIon o f frequency, The volu" 
plolted ore the o ... rog •• o f meo.uremenl. mode on 
a group o f ("""eclon, Th e mo"'mum SWR ",ea.ured 

0 ' an y poln ' woo 0.5 db . 

t'lIu&~d mainly hy {\(,\'intioni' from trur 
('or1l'('ntrieity ill I he ('('nter ('ontlut!tor 
:lnd by radial mt)\"ernents of the probe 
prol"lucl'd h.l· mc-<:hnnicnl impl'rfeetiollli 
ill I.h(' outN sllrf!u'e of the lin(' 1"11' 11J(' 
prol K' tarrillg('. 

One melhod of dlecking th(> I'ariation 
ill ('(lupling with l)OSition is to apply II 

JOOO-eyde sign a l to thc slott('(llinc II ith 
il.<; 10lld end opcn-circ-uitNI, remo\'(' the 
tuni ng stub, conncc.: l the input of an 
amplifier to t h(' tennina ls fornH' rI ,1' used 
fo r the tu ning slUb, and obi'lcrv(' til(' 
I·n.rilllion in amplifier oUlput with I}f)si­
lion, A ('a libr11lion curve of the linc call 
he made in thiE m:ulllcr: Figure i) .'lholl"s 
the mea.ctured voltage standing-wllve 
pnttcrn aloTlg a line nt 800 i\1(' 0 11 t he 
top, thp ml'ltsured l000-eycle cnlibra.tioll 
l' lIn'f' in the middle. find the corrected 
voltage Etnnding-wtt.l'c paUern on ihf' 
OOt.lom, The deviation of the poi nts from 
n hue sin ... wnv(' in the lower curve is 
withi n the expcri mcnt lll accuracy ()f till' 
meaSIl]'cments. 

' AllhoUKh ...,,, ... f::r:r;"~"'f" on oth~r 1)-,_ o! $lIlu .. d 
1,_ bav .. DOt lou • rfAtO .... ble acreem<'nl ""I ..... " 1".·, 
1""I"""I")'.nd h;"'~~~ ... lihrM;O,,", Ih~ f''<J'IOr;~""" 
.... ,h Ihill IiI>!: h .. -"",,-" the ._ .... dt to hoe..-.od 

Fi" .... e 3, Rectfficolion charae,er;'l;';' of ..... ral typi, 
col cryolob, o. "'eolu"d "" the Type 1231.'. Adi"" , 
a ble AltenlKltor with th. Typ. 1231,' Amplifl.r .el at 
mo~;",u", len. lli .. lty o nd full 'lCole d .. llectiorl . Th. 
d.violiorl lrom th. Iquota,law chorocle ,l.,ic I. Ie .. 
'han 1'1 db for On Inpul 'fOllog .. '''",. of 1.5 db. Thi. 
rO<l,,' (on be Increo •• d ,A about 20 db by .... ;"g 
lower 1C0ie d .. I1.~ on th. amplifier outpul meter, 
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, 
As shown in lhe figure, the mll...ximum 

variation in probe coupling is three per 
cent, but this is not necessarily the actual 
uncertainty in lhe measurements, even 
if no con-cetions Ilrc used. II t,he fre­
quency is high enough so a. number of 
maxima. amI minima call be measured 
and !WCI'uges obtained, the actual errOl'S 

may be reduced greatly. ]1'or example, 
in F igure 5, a voltage standing-wave ra­
ti o of 1.035 is obtained by taking aver­
ages only of the measured curve, which 
is close to the corrected value of 1.0.J.3. 

The increase in the accuracy of the 
a veraging process with frequency, owing 
to the greater number of maxima and 
minima invol ved, makes i t possible to 
achieve greater accuracy without apply­
ing concctions at moderately high fre­
quencies than that a t low frequencies. 
The accur!\cy does not. increase indef­
in itely with frequency, however, :l.S the 
refl ections from the conncct.ors iUCl'e3Se 
at. high frequencies, as showu in Figul'c 4, 
and become the predominant source of 
error. 

Impedance Measurement 
The impedance of a circuit is measured 

by first short-cir<!uiting the line at. the 
point a t which the impedance is desired 
nnd finding t.he location,l" of:\ minimum 
point ou t.he slotled linc. (If the short 
circuit cannot be made exactly :1t the 
poin t in quest.ion , it should be made as 
close as possible to the desired point and 
the electrical distance betwccn the two 
point.s measured. The position of Ihe 
minimlllll should then be corrected for 
t he differcnce.) N ext remove the short 
circui t, connect the circuit to be meas­
ured, and measure l he amplitudes of t.he 
min imum, B". ;~, and th e maximum, B""""J 

fig ure S. Correclion CUNe mea.ured 01 1000 cycle" 
for 0 Type 87~-tB Slotted Une, and ;1, applica tion 10 

a ,,,,ie, of "'fl a.urement. 01 BOO Me. 

NOVEMBER , \950 

points and thc position , l:!, of the mini­
mum nctll"('''S t. thc origin tl l minimum. (Do 
not neglect to correct for Lhe square-la w 
characteri stic of the crystal, if used. ) 
The voltage sL,'lnding - wave rat io, 
VSIVR, is then 

and 

VSlVll= EmlU 
E", ;~ 

-H I, -1,1 
The impedance is determined from 

thcse data. through the lISC of t he Smith 
Chart" or transmission-line equations. 

'1'0 lISC t.he Smith Chart shown in 
Figure 6, proceed as follows : 

L Find the poin L 011 the resistance 
a."'cis corl'Csponding to the rcciprocal of 
the standing-wave ratio, 

1 E", .. ~ 
---~--

VS WR E"", .. 
2. Di vide 6l by lhe wnvelengtb, h, or 

3 x 1010 

f ( )' and find the corresponding 
cycla 

point on one of the scales on the outer 
circumfcrcnce. If the minimum with the 
line shorted lies on the generator side of 
t.he minimum position with load COIl-

'Smith . P. II .... ~ I ",prllHli Tr"". ", i&fi"" Lin. C"Ic~IaIor-. 
E L.ECTIIONrcs, \ '.,1. 17. No. I. 1>1>. ]30--133, 3 tS-3l!5. 
J anuary, IIlH. 

" "ELJo ~Mt ~ -
w~, , f, ,. \ 

V 
, j 1\ 1\ 
, V 

'" 
[.IL 

~f 

~ 

~:~lJiHrnd ,~ . 

, M 

O~~:!~1;D ~ I- 17 I) I-Il00'''' C\PI[ • 

• ,1-' . II 1\ • 
, .\- - i-

I/ '. 1\ } • . 
+ . , 
, 
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OINI .... l .ADIO IX'UIMINT U 

llC'C tNI, u se the \\ .... n ; I. E!"Gl'lIS Tow .... un 
OE~a;nA·rOR senlc-. I r il. lies 011 the load 
sid<" u s c the \\An: I •• ; :-"OTIIS TOWA UO 

I.OAO scule. Then dnlw a lioe from the 
point, a ll Lhe \\' Avt; I. ESOTIiS scale to the 
center of the chart. 

3. Swing all arc nround the ceuter of 
tbe chart, passing through the point 
found in Step 1 alld lhe line dr.l.wn in 

6 

Step 2. The coordinutes of the point of 
intersect ion of the urc und line firc the 
nOl'lmdized components of the impoo­
Ilnce of the unknown circuit. l\'hd tiply 
these vulucs by W to obtai n the im­
l>edance in ohms. 

The admiUllncc of the unknowu cir­
cuit rather than the impedance ClUJ be 
obtained in Ill fl llnCr s imilar to that out-

Figu •• 6, Smlrh Charr wirh eKample plotred. 

_.-.. ... .. , .. -..... _----

VSWR' 3.33 , 
VswR ' 0.3 

6/ . 4.5c," 

),. . £ • 3.,0". 30c'" 
, '"' .u. - o. l~ , 

......... .... .. ...... "',;,c:... _ _ .".J. 
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lined for impedance. Also, corrections 
cun easily be made for t he loss in the 
trallsmissioll line between the unknown 
und the slotted line on the impedance or 
admitt!wce. A slide rule version of the 
char'" is available \\'hith eliminates the 
necessi t.y of marking Lhe cbo.rt. 

If the st.'Hlding-wave ratio is meas­
ured in db, us it is with lheTYI'E 123 1-B 
Amplifier and the T"'PE J23 l·P4 Ad­
justable Attenuator, it is mor'c COll­

venient to determine the mdius of 
the afC directly from the STANDING­

WAVE scale shown below the Smith 
Chart. 

The t.ransmission·line equation which 
C:Ul be used fO l' this calculat ion :\nd 
whif'h ill more accurnte, although much 
morc ted iolls to usc, is 

I -j(VSlVH)tnn8 
Z=Zo X (VS WR) j tUIl 0 

2£>1 
where 0 =T radians. 

NOVEMBER , 1950 

increases and, since the line impooance 
at the maximum volLage point increases 
as the standing-wave ratio increases, 
errors arc likely to be caused by tbe effect. 
of the probe impedance Oil the voltage 
maximum. A more accurate method of 
measuring standing-wfwe rat.ios greater 
than 10 is by the width of the minimum 
method . In this method, measurements 
are made ncar the minimum voltllge 
point. only. T he minimum voJt.age ampli­
tude is determined, and the distance, 
A in centi meters, measured between 
points 011 the line a t which the voltage 
is the V2 times t.he minimum voltage. 
Then 

A. 3xIO'O 

VSII'R ~- ~=:-,,-
"I.\. Tfl.\. 

where ~ is the wavelength in ccnt-imetf'rS 
and f the rrequcncy in cycles of the c."\­
citing signn!. The c."\prcssion is actually 
all approximation. which is nccumle ll.S 

long as the standing-wave ratio is large. 
At!~ standi ng-wfl..ve ratio of 10, the error 
is one per cent. 

T he sign of ill is posit.ive \\'ben the 
short-circuiL minimum is on t.he loud 
side of the load minimum, and \'icc verst~. With the 'l'yPE 874-LV l\ l ieromcter 

Vernier Att:lChruent, tbe widt.h of the 
High Standing-Wave Ratio Measure- minimum enn be deU!t'mincd to nn aeell-

ments racy of approximately ±O.OO2 cellti-
Wben the sLIUlding-wavc ml io is high, 

the detcrmin:lliOIL of the l'SW/l by 
measl\l'ClUcnts of the maximum and 
minimum voltltgc ampli tudes is difllcult 
for the following re9S0118: 

1. The large difTeN'llce in voltage he­
tween the maximum and minimUIll 
points makes the requirements 011 the 
dclcctOI' Hneal'ity severe. 

2. The depth of the minimum makes 
it nect..'SSary to use a reasonably Inrge 
probo penetration in order to obtain 
adequate sensitivity. 'rhe effective shunt. 
impedance produced across the line by 
the probe decreases us the penetration 

'~b.""f.CLU",d by th., E~loid Corl)()rn~i"n. Atlinaton. 
N" J. 

mete ... 
At very high standing-wa ve ratios the 

losses in the slotted tine may have an 
appreciable cITeet on the measurements. 
T o kccp this errOl' as low as possible, the 
vollage minimum nearest the load shou ld 
be measured. The elTect of the loss in t.he 
li ne on the measurements can be cor­
rect(!(i for, jf the loss is known. The loss 
eun be determined by measuring the 
standing-wave ralio with the slotted lille 
tenninuted ill (\ TYI'~; 874-\VO Open­
Circuit. Termination, which is shielded 
lo prc\'ent small radintion lOSSes from 
the end. Figure 7 is a curve showing the 
measured standing-wave ratio as a func­
tion of frequency. The circular points 
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GENERAL RADIO !XPERIMENT E R • 
presence of harmonics in the generator 

, 
/ ; . , 

, :1i' 
~ ! ,.' 

~~ • ! , 
~~~ ~1 i ~ I 

• , 

output. The minima for harmonics wi ll , 
not nccessar'ily apPcllr at the S:lme poin t 

t along the line or have lhe sume ampli-
'" tude at the minimn as the fundamental 

• 

! I • 
" 

, -- , 
! --- ) '~ I • 

~'fr l'~ ! • m , , 

• 

= , • ~ . '""000 ...... • -

und, hence, a smal l hlll"lllonie componen t 
in the signal from thegcnemtor may pro­
duce a harmOll ic signal many ti mes that 
of the fundamental at a minimum point. 
Therefore, if the detecLor wi ll respond 
at alt to ha rmonics, difficu lty mny be en­
countered. Beceivers in general have 
good harmonic rejection; bll t. the tuned 
crystal detector may respond n,s lI'el1 10 
vtl, rious harmonics as to the fundamenta.l 
because the tuning stub has highcr ordcr 
resonances. When the crystal detector is 
used, and preferably even whcn a re­
ceiver is used, a good low-pnss filler such 
as tbe 'l'Y1' E 874-F500 or FI OOO Low­
Pass Filters are requh'ed for measure­
ments of high standing-\\'a vc ratio to 
reduce the harmonics to tltl insignifirant 
magnitude. 

........ IOC . ..... 

Figure 7. VSWR ond o ttenuolion conllonl of 0 Type 
87.t· lB s.lolted Line le rm;"oled In on open eireuil. 

are lhe measured points for the ].i, %", 
and ~ wavelength resonaoces. Figure 7 
also shows the a ttenuation constant of 
the line calculated from the measured 
SIVR. The dotted line indicates the at,.­
tenuation constant calculated from the 
cooductivity of the plating on the 
inner and outer conductors. These 
points are seen to lie close to the 
theoretical curve. The use of these data 
to correct the measured VSIY R is de­
tailed in the instruction book supplied 
with the slotted line. 

Harmonics 
Another source of error in the measure­

ment of high standing-wa\"c ratios is the 

Freque ncy Modulation 

The preseoce of apPI'ccinble frequency 
modulation on the applied signal may 
also have a serious effect on the results 
when the stundiog-wflve ratio is very 
high. The TYPE 1209 Oscillator and 
TYI'E J02 1-AU or 'l'1' PE 1021-AV Signal 
Gcnerator !lre satisfactory for modula ted 
signal mcasUl'cments at fif ty per cent 
modulation up to about 750 i\ lc. At 

Figu'e 8. Block dio g ro m of 0 Iron, form er for motching " lood 10 0 50_ohm lin&. 

STUB 
TYPE 
874- 050 

TY PE 874<LB1-lr 

LOAD! SOURCE 
50 OHM LINE SLOTTED LINE TEE LINE STRETCHER 

TYPE TYPE 874- L A 
874<T ADJUSTABLE 

LINE 

STUB TYPE 1231" 8 
TYPE AMPLIFIER 

874- 020 
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11"£ 874'(; ILlXIBU' '>OOMIIt CABLE BONOCO 
CABL£ CONN£CT<1I COAXIAL CfJII.[ TO GMlISSIS 

fig" ,. 9. 0 ... method of "'''''11<1;''11 " COtnfKl'lent 10 " . Iolle d line. The .q~i~ol.nl d« .. ;1 it .hown 01 me ' ;01'01, 

high('f fr('(J lwntieo, rt>11::0Il1\hl .... 1 !Ir~f' 1" "_ 

roJ1l 111"(.' prutiu('cd ill ml'II~Uremf'llt ~ rlf 
~tand i nj;!:-wlln· r:lli~ uf thl' OrfiN /If 500 
III 100(). AI ~ttlndillg-\\·U\"(' mli06 belo\\" 
1O(l, t h(' ('mil' i~ lt ~uli lty Il('gligihlf'. 

APPLI CAT I ON S 
Match ing 

The TnI'. R7 ..... LIl Slotted Lille i~ u...eful in 
Ul lllchiug n load to n line by mCllrL~ of n mntrh­
mil; trlltl"form('f Q8 ~ho...,tl in the block d htgmm 
III "'igu~ S. The ndjustm('IlL o f Ihl' IWO trtU)J" 
fonner e1('!nentll mil;" be very tedious uroe:./! " 
e<ystemat ic prot"tdUI't' i3 followed. Olle p~u .... 
\\'hich 1Ii;I1/lJly gl\'l!'e good re;nllts i$ as (ollow~l: 

]. &1 the probe ill tbe 5lotled line i.o 1\ mini_ 
lU um IJOint alld IItlju!t the detector sen~i'ivity 
nntil n readiltg of :l.hout t.weuty ller cellt of full 
~·/l.le 1$ notal 1)11 the deteewr meter. 

2. Adjust onc clement in the tran~ror l !ler nnrJ 
hU,-,w thll miuimum with the probe ou the 
l!Jotlcrllin .. , Continue the ndjustment until the 
mi nill1UCll reading rell~hffl /I. mtuirl1IJm valuc. 

:J. Theil IIdjust the olherelemcnt in the t r1U\3-
former in the same manner 9J! abo\'e, 

4. AJtemnte betweoen the tWI) adju"tmenUl 
until the minimum reading is roughly maxi­
mir.ed, If the impedllll~ of thegenemtor driving 
the li/ll' iii 60 ohma resistiw, the load """uld be 
mat(,hed to the line when t he minimum reading 
i'l at i t. mn.'l:imum, 

I). If tile gellf'rajor 111 1I0t Illntched to the lillt' 
t he actual magnitude5 of both thc maximum and 
ruiUirllUIIl voltage!!! 011 the linc, that i~, tho 
rSWR, ~hould be. measured and UIIeb f)f t he 
transformer clemen'" ren.dju.~ted in Rlle~ioJl 
U. minimize the r(llio of t heee ,'o1tag~. 

Mea surem ent af Compon ents 
The TYPE 874-LB Slotted Line can be used 

~etlSUre t he improanoo of oomprUlent .. of all 

'If Ib~,e II .. I.'ee mimatcb 00 .. _ "">eI'IIlor .. nd loan, 
bUle, .... ulu. (!a!l 1M oIn.i ...... by i-.,in, .. Tnt: 8;~ . 
elG l()..db I*d btotWftn t"lOlJ"~tor .. nd '" line. 

fig"r. 10. Recomm ... ded method of connectloo! wh.n 
loolo,.d W"IP'O"""t. or. to b. m.oll/r.d. 

tY IJ~ .. At high fTe(IUt'"d~, tht' rnl'l",ured im­
ped/l.UN! of lIny ('(Impon'-l1t i~ greatly aff~l('d 
hy l1'ad length and ~tion. alld, for the most 
IICt'Urllte results, m('ll.!'lIreml'l1t.~ should he made 
,,·ith lhe ('(ImllQllent. ('(Inl1ected in the !'ircu;t ill 
"'hich i ~ i" u"OO. IF thi~ ealll10t 1)(' done, mel'\$­
nremeuts sh/)uld be nmlle under oonditinl\ll llI' 

dosely approxilll8tinl; the Ollerill ing f'Ouditi(lnll 
Ill! 1)(IMible. Large errnl'3 ('nn he ca ll1:lCd "l' the 
renctallce of leads u!O(!(l W ('onnect thc rom­
l)OnCJlt under tC.'lt to t hc elld of the slotted linc 
nud, hence. the length of Ic.'lds n'O t actunlly II 
" l. rt of the romponent under tCl't mUilt 1)11 
minimiU!d. 

One methOO 'Of olttallllllg Hexible 1'01U16('ting 
lelK! without. introdlldng large erroNt is I.u 
make t he ronned;"g lend A fluible 1'08..'l:illl 
{·able having the 86me char&<.-terilltic impedRn~ 
Il.'I the slotted line. The {'1'nter conductor of t he 
u biI' is extended a short d ilitnnce beyond the 
end of the brllid to oonnect to nne end of the 
unknown, snd the braid Iwlf t'Oll liected to the 
other. Thc actual lcnds thus Me mtlde ver v 
~horl. ' 

The leads effect ively introduce a .shunt CI'­
pn<litanl'e tlC'TQSII the end or the t'Oll.Xial cahle 
/IJ .d an induct.'ulce in IJC ri~ with the u nkUO'll'1l 
impedlUlee 88 shown in t he ,,!,proximate equh'­
nlen!. circuit in Fignro O. The mngnitude of the 
~hunt capacilance ill determined by d isconnec.>t_ 
ing the unknown Slid without disturbing thl' 
lJO!5itioll of th1' leuda, meusuring the reactance 
seen srt'Ol!S the end of lhe (!Sole. For this meas­
urement, ~ \\'el l Nl for the meU/lurement with 
lho component, connected, II voltage minimum 
(Ill the slotted line is fi~t found \\ ith the eud of 
the CGll..xia] cablo Bhor~ ci rcuited with AS low 

"" '-'<, 

COMPct£NT 
.... UR TEST 
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G ENERAL RADI O E X PERIMENTER 

induchmce 1\ $hort WI ]~ble. lIuch 3ll Il sheet 
.... f thin copper "'rapped lightly around the end 
llf the cable. 

The reactallce i~ cu.lculnted Uiling the Smith 
Chllrt or t rallsmiili!ion-line equatioft!! R.fI pre­
viously om lined. The mcasured impedallce of 
the Ullkno\m can be corrected for the cffect of 
1 he 8hun~ clI ]lacitnnt'e by the following e(IUtl­
tion.~·: 

If. - '(-, - ",""-=-",.,, _ X,_)' + (It,_ )' 
,\ . .\. 

\'. _ It:, _ X! 

X, _ ( ~ ~);\' . (~)' 
, " + " , . . . 

whcre II", and X ",!\fe thc mea8uroo resil;lancc 
,<lid react:mce !toTld X. ie t.he lIIensured reactance 
of tin' shunt M pll.til anee. Since X ~ is cnpacitive, 
the qU1Ultity inscrted ill the equnlioIlll will hc 
!Lcg,divc. 

The rcnctullce of the lelld inductance is 
rne:l/!ured by di.1rOlmCl\t ing the UJllwo\\'1\ IUld 
I'OlllIecting t he cnds of the IClld~ to n metnl 
:;hcet without di~tul"hing the positiun of the 
lend!!. The Icnd reaclrulee, X, .. iij subtmt'ted 
fmm the effcr:tive react nlll'e, X •. 

NT. - H. 
Xz - X. - X" 

The !lim]lhlied method of measuring t he lead 
CIlI»U.!itance II.lId indUCUUlce ol1tlined above 
hrenks dowll lUI the lead inductance and capnci­

'1"'- _ill be ~1....d .. the .... e<!<lu8tio ... lhet .,.., 
.-I to ~ for \eA<1 .. ~1a1lO'l in tbe TY"" 916-A 
nedio- .~II"nry B.~. 

, 
• • • 

, 

, 

, 

• 

• 

, 

,V , 

10 

.~ !-

• 
Fillur. 1:2. Plot 01 stondinll'wov. 'o lio 01 the Ttp. 
874 ·WM 50-Ohm Te.mOnotion o. 0 lunction of 

',.qu_y. 

t.>tIlCC a pproach relKlmmce. The Call1lCillvc reat" l­
Ilnce of the lelld a shout,! he lit Ir.ru:t Ii\'(' !imllO! 
the illducti,'e renetlll1CC. 

Another method of mouni.ing (ItlIll IJO lleuU! for 
measurement ill to COllllO('t to the ~Ioucd linll II 

shor~ length of !lir line wi t h ;\.3 outer t'Ollductor 
terminate(l in n. ll1etal disk or plnie ~ IIhl)wn in 
Pigure 10. In this case, the unknown i~ CO li ­
nccted direr tiy to t he end of the inner 1'011-

ductor of the s10Hed line M d to the groun(1 
1,llIle. If the CO nJlJOnent is connected with thl' 
Jelld s normally used with it, ollly the term;n lll 
eapal!italll:e neeO be corrected for fI.<! illdiented 
previou~y. The effect of nlly mJditiOlltll tel\d~ 
required can be corrected for, 

The I"t'!lIJ..lt.5 of meltl!uremenl.<! Illude 011 II 10 
I'I'! eenunic cllpacitor with itli 011"11 leads toJr­
proxim:l.tely 'li of lill inch long nre .. hOll"n in 
Figure 11, in \\'hieh t he l"« il1 l"O('lI l of the elfCt'­
t ive capacit:Ulce i! plotted M II fUll ction or w2. 

fill .... e n. Plot. 01 .... ow •• d di .. lpo lian loctor ond •• tip'oeol capocitance 01 a 10 "I'I ce, omic copocitor, ",inll 
the dill: tonn-edion .nown in Fillure 10. 

L~ 

"">--+--+ 

" 

c· '~.'''' c·",." ... 
to .,..,'" 

-• I >!---t 

6 

t • 

1 
+ 
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" 
A ~trUJght Iinc havillg 11 .slopeeo:junl to the series 
imlu('tllllce .. hould rC6ult if bo~h the true induc­
tance and Ctllmciwllce (\re independent of fre­
(Iuclley. The zero-f rcqucm:y intercept IOhouid be 
the l'1!Cip rONIoJ of the low-frequency capaClt:\.IlCc, 
II hich WfI.!! meusured at 1000 cycles ami found 
to be 10.5 1'1'1 T he rl,.'eiprocal of the IOIl'-fre­
'Iucncy cflpru:it:ulce i.t then !).ij x 1010 which ii! 
ill \'ery good H.gtOOtnent with the intercept. 
RCIlOlllUl<'e fur thi3 cupru:iWr is l:!eell to be at 
420 Me. The vlU'iatioll in disaip!l.tion factor with 
frequency i~ ru.v plottl'!l Ilnd seell to riiM! to 

NOVEMBER , 1950 

Infinity at rOllOIUU'Ut~. 'J'hellC V:dUCil of th~i J ,a· 
l ion f,leior \\{'rc f'QrreclOO for JOdI! in t he !l!otted 
line. 

Figurt' 12 .sho"·~ the mea.sured voilage .. 11111[1-
iug-wave mtio of II. T YPE 8i4-W:\1 Termillulion 
Voit uver 1\ rrC(IUeJlcy TJ1.l1gc from 300 to 4500 
Me. T he rnensuremen(., belo"' WOO i\ lc al'l' 
!:orret'loo for t he v\iriMion~ in probe coupling 
u.;ing lhe l{l()O...toyr le eruibrntl(II1, 11Iid th .. value. 
Ilt higher rl"C(IUeIlC II~ CQrrectoo byaveragmg. 

- It A, SoOF.ItMA N 
w. 1\'1 . IIA(luF. 

RECOMME NDE D EQUIPMENT 

Tbe equipment necessary to make the lured by the Gcneral Rlldio Company, A 
measuremcnts described in the preced- recommended group of elements is avai l-
ing article can be selected from the cx- Itole as the Tn.: 874-EI{ Elemcntary 
l<'nsive line of coaxial elements nmllllfac- Coaxial Kit, Ilnd includes the following : 

T ,p< Nam~ OW6nlitli U"il. Price PM 

.74-... 2 Co. "lol C.bl. 25 reet $27,00/ 100 feet , 6,75 

.74.8 &011. C."nut., 2 1.25 ' .50 
,74-C C.bl. Connulo, 2 2.00 ' .00 
.74.C. C.bl. C."n.ct •• 2 2.00 ' .00 
,74-D20 "'dl ... ,I.bI. 5, ... b 10.50 10.50 
• 7 ..... D5O Adj ... ,I.bI. 51 ..... 12.00 '100 
• 7 ..... l ... ... dj ...... bl . lI" • 15.00 15.00 
• 7 ..... l8 51.II.d Un • 220.00 220.00 

.7 ..... ' ,.".1 Con "oct ... 2 2.50 ' .00 

.7 ..... Ql "'dopt •• 10 Ty~ N 
, ..,0 ' .50 

,74-.20 'okh Cord 2 '.00 '.00 
.74-.32 'okh C.rd I 5.75 5.75 
• 74.T '" . I 7.00 ' .50 
.74-WM M.lched (5011) To.mlnoll." • I 10.50 10.S0 
. 7 ..... WN Sh.rt.CI ..... i, To .... ln.llon I 3.50 3.50 
.7 ..... WO O~ ... CI ..... lllo.mln.li." I 2.00 ' .00 
.74-Z 5t.nd I 1250 12.50 

TOT"'l Ty~ '74-EI( EI . ... on lo.y Co •• loll(ll $3.2.00 

If very high standing-wave rati os are to be mctlSUI"l!d, II TYPE 8i I - I.\' ~licl'tlml'l"1' 
\"('micr ,\ ltnchmeDl !<hould also he pUl"f'huscd as wt:'ll a .... ! l harnllmic fi lter. 

7'yJ}t 

.7 ..... l V 

.7 ..... F1OOO 

.7 ..... FSOO \ 

M!<,om. ' • • V.,ni;;-AII. ch ... onr . 
low·'." Filla, . , • . . 
t.w· ... " Fill... • , . . . '. 

I'riCl' 

S 20.00 
22.$0 
22.50 

Power sources MId dete<ltor Cflui pmcnt. listed 11l Table I, page 3, al C aV:liluble 
I~ rollow:-\; 
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GE N ERAL RADIO EXPERIMENT ER 

[ 

'/'YfM 

1209·" 
1201-. 
1207_'2 
1205 •• 
174-R20 

Pow er Sources 

Un ll O leill .. I"., 25010920 Me 
Unl! OlCi lialo. (mad"I"i"') 
T"n lng Unll 
Unll Pow .. S .. ppl y 
Patch Card . 

I J Qr 

" 

$235.00 
73.00 
17.50 
70.00 

'.00 

$40) . .50 

1'ype I>rice 

1021_AU U-H_F I SI9noi Gene.olor, 250 10 920 Me ! $615.00 

Detectors 

[ - FOt, use with crystal rectifier in slotted [jne : 
Type 

1231_B 
1231 · '2 
1231-'4 I 

Ampllfle r . . . . 
Tuned Circuli . . . 
Adl ....... bl. Alte""ato, 

" r 1 - l"oJ' USC with communicat ions-type receiver' : 

'l'YIM 

'74-MR 
'''''-A 
120S.A I 

Mh, • • R, .lin.,. . 
UIIII Olci llol... . 
Unl1 1'"", .. Suppl., 

hire 

I 
$250.00 

25.00 
52.00 

$327.00 

I'ria 

I $ 35.00 
235.00 
70.00 ,-.." 

$340.00 
1'\(11'10: : If ueolircti, tht! '1'\'1'1:: I20S-A Unit OllCiIll,l.tor call bo ~ iU.:Itclld of the Tn't: I209-A, and 
the sccond harmonic used to cover the frcquenciellll.oove 500 ~Ic. The price of the Tnt: 120S-A 
Unit Oscillator is SI90.00, making the total price of oscilla tor, mixer, and po"'er supply S2!Ji'l.OO. 

TilE GeHerli1 Uodio t :X I',..'JUM I-.Wn £U ;,~ IItlli.led 11;;1//0111 c ll.nrge encl, 
IIwnlh to ellgitl eer~, ~c;etll. iSl. S, le clll"iciuHs, III/.d others in /erest.e d 

in c01l. tllutlica tion-fre(/lIcll cy tneusure.tncnl. lind ('ontrol prou le "t.'" 
II 111m :'1et/dillS relluests for s lluscriptiorl s will mldrcss-clHUl ge IIoli4;es, 
plctlse ~lIpply th e following i"fo,.,l/.o l;01/ : 1/ume, CO II/pull y (1(/dre~~ , Iy pf' 

of bll .~illes ,~ "'JlllpUlIY i ,~ ""gllgl' ll ill , (ltul litle or IJosi tio ll of i"dillie/ulli. 

GENERAl RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETT S 
TElEP HONE : TR owbrklle 6·HOO 

• BRANCH ENGINEERING OFFICES 
NEW YORl( I, HEW YORK 

II WEST STRHl 
TH ,- WO,' ~ l,Ul1 

lOS ANGELB II, CAtIfIlR IIlA 
lUI MIlRTH SEWUIl STRfET 

TH.- HIlII, • ., j t ,IHI 

CHICAGO ,. ILLINOIS 
H I SOU TH MICHIGA N AVENUE 

ltl.- WA~ .. ~ l,lIU 
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