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3 D E C E MB E R, 1957 

ON THE TRACKING OF SATELLITES 

The te hnical press has carried re

cently v ral l t r 1 and arti les about 

Doppler- hift m a ur in n of th radio 

tran mission from the satellites pu nik 

I and Sputnik II and th calculation of 

lant h ight direc ly from he fr quen y 

hif data. 

'I his article discusses a similar set of 

m a urem n and · rtain refinem nt 

in the handling of th data whi h w r 

u ed to predict the path of th at lli 

and its time of transit for use by the 

lo al Moon-Watch group. 

The m a ur m nt d ribed here 

w re made by wo memb r of h Gen

eral Radio engineering staff, W. F. 

By rs and R. J. Ruplena who happen 

al o o be radio "ham . " From th ir 

m asurements, it has been po ible to 

calculate the distan es of closest ap

proa h f r a h ob erv d tran i of th 

a telli te. on can not from h quot d 

times of transi , the whole proje was 

extracurricular , undertaken in the true 

amateur pirit . 

in e th atellite trav l almo t 

18,000 miles per hour the otal Doppler 

hift at 20 Mc i over 1000 cps , and at 

40 Mc it i ov r 2000 cp . Thu , by 

Ii tenin g to th re· iv d io-nal with 

a suitable reference os ·illator beating 

against it, one can hear and mea ur th 

hang in beat fr qu n y h a ellite 

goes by. irnpl equipment i adequate 

for this measurement. Byers and Ru

pl na used harmoni ·s of quartz-crystal

controlled o cillator for th ref r n 

signal at 20 lVIc and 40 Mc. Th y 

measured he audio beat tone by com

paring it with a stable alibrated audio 

o ciilator set to multipl of 50 p., 

noting the times of coincidence in t rm 

1Letters to the Editor from the Lin oln J;al ratory, 
M.LT., and the t.anford Research In titute appeared in 
the ovember, 1957, i. sue of Proceedings of th IRE. 
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Figure 1. Measured frequency shift of signal from 
Sputnik I. 

of locks standar iz d again t W'iVV 
irn ignal . Mor laborat t chniqu 

using tape recorder were considered , 

bu this simple techniqu wa uffi
ci ntly good to give u ful r ult . 

The impl Doppler quation u ed for 

the calculation of di tance is bas d on 

straight-line motion and is: 

±fov 
Af � c�l + (2---)2 

vAt 
(1) 

where 

Af is the frequ n hif t 

v is he velocity of the satellite 

c is he veloci ty of ligh 
f o is th m an fr q u n y of the 

observed sio-nal 
' 

At is th tim relative to th 1me 

of clo e t approach 

D is he di tance of clo e t ap
proach (slant range). 

This equation can b analyzed to find 

th di ance in term of he to al fre

quency hift and of the rat of change 

of frequency a th time of lo t ap

proa h.2 Bu , in order to obtain good 

ac ura from the data, some refine
ment wer introduc d. 

2This pro edure is describ d in t'he lett rs of Ref rPnc-e l. 
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The plott d results of one measure

ment on the signal from Sputnik I ar 

shown in Figur 1. The ob rv d fr -

quency hifted down' ard as th satelli te 

pa ed by almost overh ad. The ot al 

shift of about 1000 cp a 20 Mc indi ·a es 

a velocity of abou 16 760 mile per hour 

on th ba i of the simple Doppl r alcu

lation . The a tu al velocity was higher 

and the deviation i ac ounted for by 

the curved path of the at llite, varia

tion in propagation path , and diffi ul

ti in m a uring the weak signal ·when 

th at llite wa over 1000 miles awa . 

Th veloci y of the sat lli is on of 

th factors in the alcula ion of distance. 

The indicated velocity is close enough 

to the rue velo ity so tha a fair e ti

mat of di tance can b obtained using 

that figure. Th di tances that ·wlll b 

quoted , ho,vev r, are ba d on an e ti

mate of actual v loci (a suming un

disturbed motion and neglecting p r

turbations) ob ained b use of I(epl r' 

' third law"3 for the p riod of an ellip

tical orbit and by use of the equation for 

the velocity a any point in an orbit 
about the ear h. Such an stimate is 

probably close enou gh to the true value 

so tha the accuracy of di anc cal u

lation is limited by th a curacy of other 

measurements. 

The scmirnajor axi a, of th 

ti al orbit of an earth atellite I 

taine l from th equation : 

ellip

ob-

(2) 

where g i the ace l ration of gravity 

Re is the radiu of the earth 

T i the p riod of the orbit . 

3Kepler's third law tat that "the squares of periods of 
circulation around th sun of the s vend planets are in 
the same ratio a the cube of tbrir mean di. tances." 
Thi was first formulated by Johann Kepl r in 1619 an l 
published in hiF< treatii<C', "De HarmoniC'C' ::\[unni." 

The period of the satellite is, th ref ore, 

essential for this calculation. One can 

ea ily d termine this by li tening and 

no ing th imes of succ ive tran it , 

and then of tran its one or more day 

apart to in lude many complete orbit . 

When minor orre tion are made, the 

period can b obtain d to a high d gre 

of accuracy. 

Then the locity , v, at any point in 

an orbit of an earth satellite is obtained 

from 

v2 = gR 2 c� - !) . e r a (3) 

whe r r i the di tance from the center 

of the mass of the earth to the de ired 

point in the atellite' orbit. 

Th alue of r u ed in thi equation 

wa c tima ed at fir from the initial 

Doppler mea ur m nt to be th r diu 

of th earth plu 200 miles. Sub equent 
D ppler mea ur m nt h n mad it 
possibl to refin thi · timate. 

In ord r to u iliz the values in h 

curved por ion of the plotted r la ion 

b tw n frequ · nc and tim h th o

r ti al tll'V alculated from the simple 

Doppl r equation by u e of the alu of 

v obtained above, wa fi t d to th 
point . Sine no large- cal digi al com

put r was a ailabl for this extracur

ricular cal ulation, th :fi bng wa don 

in a prehminary \Vay gr a phi ally, and 

th n a final value of D wa obtain d 

from he nu1neri · 1 data by an av raging 

process. In g neral , th impl graphical 

fi ing wa adequate. 

'I'he distance of n are t approach hu 

calculated from th data repr ented 

on the graph i 159 mile , and the tim 

of near t approach ' as 1 :5 :51 E T. 
orne o h r ob ervation on pu nik I 

ar a follows: 
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Time Distance 
Date (Nearest (Nearest 

Approach) Approach) 
10/17/57 19:09:30 E T 410 mile 

20:48 50 
10/18/57 19:05:12 284 

20:43:42 1040 
10/19/57 19:00:15 197 
10/20/57 1 :54:51 159 

04:56:30 1210 
10/21/57 1 :4 :42 236 

The values for the closer tr an its are 
more accurate in both time and di tan e 
than tho e for gr at r di tance . We 
have not at empted a car ful st.ima e 
of accuracy for these points bu , for he 
159-mile distance, the con i t nc of 
the data is uffi.ci ntly good to lead to 
an estimate of ± 2 mil a the probable 
accuracy except, of cour e for po ible 

y tematic errors or blund r . 
If  one con ider th tran it a 19 

hours on u ce ding days, th path 
hifted with r pect to the poin of ob-

rvation from ea t to ' e . On Oc
tober 20 it wa almo t overhead. Th 
data of October 19 and 21 indicat that 
on the 20th i "·a ac ually w t of the 
observation point b abou 30 mil o 
that the levation was about 156 mile . 

irnilar data on putnik II ar as 
follows: 

Date 

11/4/57 
11/5/57 
11/6/57 
11/7/57 

11/ /57 

Time 

06 :24 :24 EST 
06:36:22 
0 :47:48 
06:5 :37 
05:12:00 
05:21 :50 

Distance 
(Nearest 

Approach) 
340 mile 
629 

76 
1137 

162 
317 

From the r la tive motion of the ob-
erv r nd h pa th from day to day, on 

conclude hat Sputnik II was almo t 
directly overhead at about 160 miles 
el vation atth 05 :12 tran it on 11/7 /57. 
The 05:01 transit on 11/6/57 would 
ha,- been intere tino-, but th arli r 
data indi ated that he supreme ffort 
of getting out of bed at hi hour hould 
be made on 11/7 /57, since then the 

DECEMBER, 1957 

satellite would be nearly overhead. 
Th pr diction of approximate transit 

tim- after two m asurements have been 
obtained i simple, because the period 
is th n reasonably w 11 known. Since 
the plane of the orbit is inclined with 
resp c to the ear h's axis, how ver, 

orre tions hould be made for the fact 
that the points of the orbit of nearest 
approach for uccessive transits do not 
corre pond to exac intervals of one 
period. A similar correction is ne essary 
from day to day, b cau e of the relative 
shift of the orbit and th ob erver. 

The distau_ce b twe n ucc ssive 
tran it an be u ed to obtain a rough 
e timate of the inclination of th orbit. 
A bet er estimate can be obtain d by 
mea urement of atellite transit for 
both directions of travel (provided one 
i not clo to the equator). In fact, if 
convenience and working hours did not 
have to be considered, it would be pos
sible to make at least four measurem nts 

v ry 24 hour . When enough data are 
then obtained to find the altitud for 
both directions of travel the imple 
elliptical approximation o the orbit can 
be specifi d from rn asurem nts at one 
station. Naturally, bett r accuracy in 
specifying the orbit would b po· ible 
if data from tations at differen latitudes 
were available. 

The ta k of Moon-Watch teams is 
made mu h easier by a knowledge of 
when the at Hite will be vi ible in a 
parti ular area and of the prop r ori nta
tion of he Moon-Watch t 1 cop 1n 
term of pr di ted azimu h and elevation. 

Th information deriv d from he e 
Doppler-shift data wa u ed along with 
other information by he Harvard Ob
servator Moon-Watch team. 

The Doppler- hift mea urem nt have 
the advantage over isual ightings 
that they can be obtain d regularly 
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without regard to atmo pheric condi-

10ns or the po "tion of the un, and 

there i little chanc of a f al e ·adio 
sighting when the Do pl r hift i ob

served. When the radio signal s op, 

however, optical and radar ob erva ions 

are all that remain. The use of solar 

batteries to power he satellite t ·ans
mitt r hould make Doppler-shift m as
urements possible over long peri d and 
then more radio engineers and ama t ur 
can dabble 1n this new branch of radio 
astronomy. 

- AR OLD PETERSON 

MEASUREMENT OF CABLE CHARACTERISTICS (Part V) 

MEASUREMENT OF VSWR 

OR UNIFORMITY OF IMPEDANCE18 

While not normally r uired for most 

standard cabl thi rnea urement is 

sometimes d sirable in pecifi · applica
tion a a Jnean of h king h un1-
f ormi t of cabl hara t ri ic from 

poin to point along th abl . Fur h r

more, special xperim n al ·ables and 
new ype of tran mi sion line 

have unknown V WR chara ri i 

particularly if th y ar of a radical 

design. Ther ar everal po ible meth

ods of making th mea ur ment , and 
m thod of interpr inCT th re ul have 
not be n s andard:ized. The measure

ment u uall r r quire om pe of 

imp dan · indi ·ating d vice wi h v,rhi h 
the input impedan e of a relativ 1 long 
cable sample is measured continuously 

or at closely spaced frequencie ov r one 
or more frequency range . Th vana-

lBHandrick, E., and l{ru ge, L., "D terrr1ination of the 
Equivalent Reflection Fa ctor of Wide-Band Cables," 
Telefunken Ztg., v. 2 , 1955, p. 235 (in German). 

Kruege, L., "Linear Integration of the Reflected 
Pul s a a ew Standard for the Quality of T levision 
Cable Lengths," Telefunken Zto., v. 2 , 1955, p. 241 (in 
German). 

Cotte, l'vf., " tudy of a Fa,ctory L ngth of Cable by 
J\1ea urements of T r1ninal Imp dance,'' Cables and 
Trans=ission, v. 9, 195.5, p. 161 (in French). 

llosen, A .. , "Irregular Tran mis ion Lines,'" Wireless 
Engineer, v. 31, l\ Iarch , 19.54, PP- 59-70. 

L rrin, J., "Te ting of :\Ianu!actur d Lengths of 
Coaxial Lines for Very High Frequencies," Cables and 
Trans?nission, v. 7, July, 1953, pp. 218--41 (in French). 

Wi 11, • . , " urvey of 1ethods in Use for 1easure
ment on High-Frequency Cables,'" Fernmeldetech. Z., 
v. 8 :\fay, 1955, pp. 202-265 (in German)_ 

Blackband, W. T., and Brown, D. R., "The Two
Point l\Icthod of l\Ieasuring Characteristic lmpeda.nce 
and A ttenuat i on of Cabl s at 3000 ).1c," J.I.E.E., 
P11r IIIA, Proceed1.ngs at the Radiolocation Convention, 
...-. 93, n. 9, l\lnrch-:-.Iay, 1946, pp. 13 3-6. 

tion of the impedance is a measure of 
ca bl unif or mi y. 

A ypical characteristic mea ured on 
a 2400-foot sample of TYPE 74-A2 

Cable by m an of a TYPE 160 '

V-H-F Bridg 19 for two narrow range 
near 25 ifc and 100 Mc, respectively, i 
shff\Vn in Figure 11. 

At ultra-high fr quencies, either h 
YPE 1602-B U-H-F Admi tance Met r19 

(41-1500 Mc) or the TYPE 874-LBA 

lot ed Line19 (300-5000 Mc) can b 

u ed for V WR measurement. The TYPE 

874- B Balun can b used to supple

ment these in ruments for mea ure

ments on shielded or unshielded twin

conductor cables up to 1000 Mc, al-
hough his balun, being tuned, re

quir s readjustmen whenever fre
quency is changed. General Radio nit 
Oscillators are satisfac ory generator 1 

and ei her the TYPE 1231-B Amplifier or 

one of the T. pe D::'-JT Detectors i a 
suitable detector for u e wi h he lotted 

line. The most sati fac ory detector for 
use with the admi tance meter is the 

TypeDNT. 

J\1.:ore work is needed to devise a fa 

ye accurate method of making these 
cable uniformit measurements with 

simple, commercially available equip

ment. 

19Dire tions for making V WR measurements will be 
found in the instruction books for these instruments. 
For bp<>cification and prices, see the latest General Radio 
catalog . 
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MEASUREMENT O.F INSULATION 
RESISTANCE 

Insula ion re i tance has o be meas

ured for certain cable types at a poten

tial of not le than 200 volts. General 

Radio Company manufactures two in-

trument that will mak the e meas

urements: the TYPE 1862-B Megohm

meter and the TYPE 544-BA Megohm 

Bridge . With ei her of these ins ruments, 

the m asuremen i made a a onstan t 

potential of 500 volts, which is a gener

ally accepted value20, and a guard 

terminal is available for eliminating, if 

nece sary, any effect of 1 alrage be

tween the leads connecting to the cable 

ampl und r e t. The ba i ac ura ies 

of the two instruments are closely com

parable. If the m asurement of cable 

insulation resistance is the only applica

tion contempla d for the tes equip

ment, the simplicity of operation and 

lower co t of the TYPE 1 G2-B M gohm

meter make it he logical hoice in most 
in tances. The TYPE 544-BA Megohm 

Bridge, on the other hand, can be 

adapted more readily to specialized 

measurements in a research or develop

ment laboratory. 

FURTHER DISCUSSION 
OF ATTENUATION MEASUREMENTS 

Part II of thi series, publi hed in the 

June Experimenter, describes a par

ticular m thod of a tenuation measure

ment. There are, of cow· e, other ways 

in which th details of the measurement 

can be handled and it is jnteresting to 

consider some of these alterna ives even 

though the techniques pr viou ly de

scribed are till considered the best. 

zo Tl\1 Standards on Electrical Insulating JV[aterials 
D257-49T. 

Figure 11. Input impedance as a function of fre
quency for 2400 feet of General Radio Type 874-A2 

50-ohm Coaxial Cable. 

DECEMBER, 1957 

Matched vs. Unmatched Unknown Cable 

Sample: As previously describ d pe if

ically the attenuation of an unknown 

cable sample is measured e entially by 

a sub titution method. The sample is 

removed from an otherwis - unchang d 
tran mi ion path, which includes both 

r-f and i-f circuits, between a con tant

output gen rat r (th unit o cillator) 

and a calibra ·ed meter (part f th 

TYPE 1216- Unit I-F Amplifier). The 

loss in the sample i partially replaced 

by in rea ing the lo of an c ura e i-f 

step attenuator, and the remaining lo 

is measured by the m t r, which inter

polates bet\ een steps of th at nuator. 

Let u xamine mor ·arefully the 

signifi ·ance of "otherwi e- unchanged" 

a u ed in the pr cecling paragraph. 

With reference to Figure 4, Part II 
(June, 1957, Experimenter), the trans

mission path between generator and 

output meter include the generator 

output coupling loop, a low-pass fil er, 

a 10-db pad a 3-foot patch cord, another 

10-db pad, the unknown sample, a 20-

db pad. a crystal mixer with local o cil
la tor , a 30-Mc step attenuator, and 

several stag s of i-f amplification. Few 

of the junctions b tween these elements 

are matched, so that there xist so

called "reflection losses" at many of 

"t-----t----,,._____,,,t-----,.=-.:=+-----+ I 
p 

· - o.. .o"' 

.. � 
-- RESISTANCE --- - - - REAC'fA.NCE " 

� .__,._ ___ ----<i-2 � 
� •t------,;-'--->r."""""l-"""<----/--+---,l-i.__-t--:1,----l-�Tl � 

... ... •• 
"'EOUENC'r' IN Mc 

100 

IHPUT IMP� AS A f'"UNCTION OF FA:f:OuEffCY 
Of'" 2400 f"EET OF GENERA\... RADIO TTPE en-a2 so OHM COAJllAI.. CAllLE 

101 
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these jun tions.21 However, because of 

the isolation provided by the pads on 

either ide of the ample removal of the 

unknown ampl does not chano-e condi

tions at any junctions exc pt those at the 

ample. Th r for , the various reflec ion 
lo es in the st m ex pt po sibly for 
tho a wi h the ample are 
unchanged by r mo-val of h ampl and 
con qu n ly have no effect whatever 
on the mea ur m nt. 

R fte ti n lo at he jun ·tion a -
sociated with h ampl mu t b con

, ider d .  parat ly and h re are sev ral 
different po i 1 itua ion : 

(1) Con :ider first th measurem n 
of a 50-ohm co xial abl ampl . B -

cat of use of 50-ohm pads at both end· 

of th unl nown, ma ch d ond:it:ions 

prevail at both jun · ion \:vith the ample 
in, and also at the junction between the 

pad vvi h the ample out. 'I h re are, 
ther for no reft ct ion lo ses associat d 

with th unknown ampl in thi ·a E'. 

(2) Con id r n xt th m asuremen 
of a 75-ohm coaxial cable ample at 30 0 
Mc. Th m hod tha ha be n d -
cribed i. to fabricate low-r ft ction pad 

from xtra 1 ng h of h . ame ype 
·able a that being m a ured, a h 

1 ngth having about 10-db a enu tion. 
One of these "cable pad " i u d at 
ea h nd of the unkno' n sample be
tw en i and the 50-ohm pad in the 
mea uring tup and both are left in 
th ystem when the sample is r mo ed 
for a m a ur ment. The junction be
tween the 50-ohm pads and the 7 5-ohm 
cable pad ar unma ch d, of cour e, 
like many others in he s tup, but the e 
jun tion i olat like he o her from 
the sample by the cabl pad r un
di turb d by r moval of the unknown, 
Zt"Refl tion l o ses" do not n <' sarily invoh·e loss of 
power by di;,sirmtion, a!l i.- true also for the tenn ''inser
tion 101;,," but r fers to a reduction or "lo s" of power 
received hy a load as a re,,ult of mi rnatrhed in1pedance 
levels hetw<.>en ource �nd Ion l. 

so that this mi mat h has no ff ct ou 
he m asur men t. It should be e pecially 

not d that in thi ca the nominal 
impedance of the connectors used be
tw en the cable ample and cable pads 
mu t qu 1 he n minal impedance of 
the sample, although th conn ctor 
u ed b tween th 50- hm pads and the 
·able pads are ne>t cri ical. With th un

known ample in, the cable pads eff ·
t:i ely match the sampl a both it nd . 
Wi h the ampl out the cable pads are 
plugged togeth r dir tly and match 

a h oth r. There ar , therefore, no re
flec ion loss s a so ·iated with the un
kn \Vl ample in thi case either. 

(3) on id r finally, th m a ur men.t 
of 7 5-ohm eoaxial cable sample at, 
400 Yfc. The method we re mm nd in
volv u ing the same 50-ohm pads a 
bo h end a in the a of 50-ohm 
sampl s. able pads are not recom
mended, be · au they would b incon
veniently long o give 10-db a tenuation 
at 400 M . \Vi h the ample in, there i. 

a mi match at each of it end corr -
ponding to a VSWR of 1.5 or a reflec 

tion ·o ffic:i nt of 0.2,22 which cause a 

refl ·tion lo of 0.1 db for each junc
tion or 0.36 db for both.23 Wi h the 
sampl ou and the 50-ohm pads plugged 
toge her directly, there i no refl c ion 
lo . Th r f r a previously described. 
a 0.36-db refle tion-lo · corr ction mu t 
be ubtracted from the measur d inser
tion lo s to obtain th true at nuation. 

The nece ity of making his small 
correction is a very minor di advantag . 
which cau no inaccuracy and which i 
more than jus: ified by tbe re ultant im
plicity and convenience of h method. 
Incid ntally, this sam method in which 
22A sum.ing that the at nuation of cab] ample is 6 db 
or lnore, which is great enough to make 1nultiple-rcflection 
effects negligibl in this exainple. 

23These figures can be easily calculated fro1n the formulas 
giv n in Part II, pages 6 and 7 of the .June. 1957, E;c;
perimenter, or read directly from Figure 6 on page "i 
of that 1 sue. 
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no cable pads are included, can al o b 
u ed at. 3000 Mc ince th reflection 

loss is independent of fr quency. Ho-\v-
er, MIL-C-l 7B Speciification requires 

that the cable ample be mat hed and 
hu we have recommended using the 

cable pads as des ribed previou ly. 
The possible ben fi to be gained by 

use of reactive matching ne \"\·ork 
(triple-stub tuners or th like) between 
€ach end of he cable ampl and the 
mea uring setup shouJd be considered. 
Ac ually, the only possible b nefit i the 

limination of the very mall reflection
loss correction just mentioned for th 
ca e of cable im.pedances other than 50 
ohms at 400 Mc, where cable pad are 

oo cumbersome. On th other hand, the 
use of rea tive mat bing n twork for 
this application ha important disad
vantages. One is that a fair degree of 

xperience is requir d to them prop-
erly, and, if improperly set, th y can 
introduce both reflec ion-lo and at
tenuation-loss error of unknown value 
\Yhich can be larg r than the minor, 
known reflection-lo corre tion they 
are int nded to eliminate. 0th r disad
van ages are the n cessity of making 
th xtra a justm n he pa taken 
up by the tuner , and the extra ost. 
Comparative Measurements: If d ired, 
suitable reacti e matching network can 
ea ily be as embled from GR T1.'"PE 874 

u bs, Tees, and Line- tretchers. ome 
mparative measur m nt w r made 

to illu rate th foregoing discussion. 
(1) At 400 J\1c, a 160-foot len.gth of 

RG-59/U 75-ohm coaxial cable was 
mea ured first b u ing -o-ohm pads 
and correcting for he 0.36-db reflection 
lo , and next by using rea tive ma ch
ing networks at a h end of the ample 
to liminate refle tion lo . Th net
·works were initially adjusted fir t one 
and h n the other, o a t iv,.e maxi-

DECEMBER, 19 5 7  

mum detector reading. Amor accurate, 
but in ignifi an ly so, adjustment could 
ha v been made u ing a lo t d line or 
admi an meter, but the light im
provemen pos i 1 do not warrant 
the ex ra ·ompli ation. The result w re: 
12.1 db le s 0.36 db r flee ion-loss cor
re tio1 qual 11.74 db by he m thod 
r commend d and 12.0 db using the 
reactiv matching networks. The dif

ference of 0.26 db i "\ i hin the accuracy 
of m a uremen t. The high r figure of 
12.0 db is probably due to in idental 
losse in the networks. 

(2) At 3000 Mc a 30-foot length of 
R -59/ T 75-ohm coaxial cable wa 
m a ured in three way : (a) U ing 50-
ohm pad and correcting for the 0.36-db 
r fl ction loss, (b) u ing ' o xtra 40-

f oo 1 ngth of RG-59/'U cable as 10-db 
cable pads, with con taut-impedance, 
7- -ohm, Type N Connectors used be
tw en th sample and th abl pads, 
and (c) using reactive matching n t
work . The results wer : 7. db les 
0.36 db refl tion-lo correc ion equal 
7.44 db for method (a), 7.-i db for 
method (b), and 7.4 db for method (c) . 

The maximum diff rence of 0.04 db is 
insignifi ant. 

R-F Standard Attenuator vs. 1-F Standard 

Attenuator plus Interpolating Meter: 

The u e of a on inuou ly-variable r-f 
tandard at enuator to m asure un

kno\\TI attenuation avoids dep nden e 
on he lin arity of a cry tal mixer, but 
the la r i n t in he least u nde
p ndable. When u ed as a mix r in a 
h terodyn sy t m, the crystal i 1n
h rently linear, in con ra t to it le 
dep ndable charac eri tics when used a 
a quare-law rectifying det c or. Th 

he erodyne m hod of m asurement has 
b n used at General Radio for man 
year for he tandardiza ion of voltage 
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and attenuation at radio frequenc i es.24  
Th Kational B ureau of Standards a lso 

us s th principle of an i-f tandard 
attenuator in conj u nction with a mixer 

and local o cillator to m a ure a ttenua
tion at m i  rowave frequencie with ex

tr rnely h igh accuracy/5•  26 and Bell Tele
phone Laboratorie ' prec1s10n trans
m i ssion and pha e mea u r i ng et also 

us a pre I 1011, fixed-frequ ncy, i-f 
attenuator in measurements o 0 .. 05 db 
accu racy . 2 7 To insur prec i e l in eari y in 

a m i x  r ,  i t i nece ary only to b sure 
that the local o i l l ator oltage is suffi

c iently h igh . Thi f ac c an readily be 

checked , in th e setu p \Ve have d r ibed 
by a m a u remen t of the re tified mixer 

current with th panel met r of the 

TYPE 1 2 1 6- I-F Amp l i fier , for which 

purpo e a toggle wit · h  i s  p ro v ided . I t  
hould read b t we n 0 p r · n t  nd 

1 00 per cent of f u l l  scale. The i-f att nu
ator h as the i m po rt ant advan tarre of 
op ra ting at a fixe l, re lat ive ly low 
freq u ncy wh re it · an be 1nor r adily 
standardi zed with higher ac curac) than 

an r-f attenuator at h igher frequ ncies. 
The tep a tenuator a u ed in the 
TYPE 1 2 1 6-A I-F Amp l ifier avo ids the 
high and frequency-variable i nitial  in

sertion los of h e  waveguide-b yond

cutoff, p i  ton ype of r-f attenuator nd, 
with i ts i nterpolating m t r, ·an be read 
more eas ily and p rec i  ely than can a 
typic a l  ignal rren rator outpu dial cov

ering 1 20 db or more i n  on r v lu ion . 

Before t he TYPE 1 2 1 6- I-F Amp li

fier b am available, the T Y PE 874-GA 
Attenuator w h i c h  is a con inuousl y-

24L. B. rguimbau , " ' t a ndarcl i z ing the tandard- ignal 
Gen rator, " Gen ra l Rad1"0 Experimenter, 1 2 ,  3 and 4 ,  
Augu t-Septemb r ,  1037. 
2 5Grantham , R. E. , a nd Fre<;Jil'l.a n ,  J .  J . ,  "A ta ndard of 
Attenuat ion for J\licrowave J\Ica ·urements," TTans
actions , A IE E ,  v. 64, 1 94 , p. 535. 
z & lbred, C .  ::vi: . ,  " Preci ion Pi ton ttenuator , " ational 
Bureau of Standards, NBS RepoTt 5018, ::VIay 1 ,  1957. 
27Alsberg, D .  A . ,  and L eel, D . ,"A Preci e Dire t Reading 
Phase and Transmi ion ?.1ea. uring y t m for ideo 
FrequenC"ies , "  Bell y,stern Technical Journa l ,  Vol .  
XX\" U T ,  . o .  2 ,  A pri l ,  1 949, p. 22 1 .  

variable,  accurate r-f attenu ator, wa 

recommended for able attenuation 
mea u rements and m any cable m an u

f actur rs ar today u i ng thi dev ice 

with exc 1 1  nt re u lts. ever h ele 

v ryone ·who has ri d he i-f step a -

t nuator y t m that i n o w  avai lab l e 

h as q ui ckly appreciated the i mproved 
convenience, peed , and ea e of r ading 

of he new syst m. 
Mo n ito r i n g  G e n erato r  O ut p ut:  The in
expen siv e  unit o c il l ators recomm nd d 
do r o h ave outp u  meters, and one 
m ust depend u pon th ir on tancy of 
outpu t .  In order to i nsure th latte r , 

it i nee sary to d r i v e  them w ith a 
T YPE 1 20 1 -A unit Regula ed Po\ er 

u pply as prev ious ly d · r i b  d .  n addi
ion , and this wa not mentioned before 

i t  is desi rable to opera e he entire setup 
from a regul a ed l in , b c au e t h  TY PE 

120 1 -A u pply do not r egu late heater 
voltage, w h ich i nfluence o c i l lator o u t 
pu t  to a small xtent .  R g ulation o f  he 

en ir tu p al o will  tabi l i z  local
osc i l la o r  ou t put , which i e pecially de

sirab le for 3000- M c  m a u rem nt . 

The atu rabl e-core, con an -volt ag 

tran . former is generally sa i fa tory for 

this appl i cati on and is pr bably , be-
·au e of t h  a va i lab i l ity of uni wi t h 

smal l ra i n g  he m o  practic al type of 
regu l ator if no o h r qu ip m  n t  req u i r  . 

a regu l ated l in . H o w  ver for regu lat ing 
po wer to addi ti on 1 quip ment al.  o ,  ··wh ich 
wou l d  requ ire a l arg r- apac i ty regu lato r 
a TYPE 1 5 70-� utomat i Vol age R egu
lator28 i s  highly recommended. 

With regulation a d sc r ibed r ord

ing how no p re ptibl c hange i n  out
p u  t,  eith er as a func tion of t ime or of 
input voltage ; so it can b af ly as-

2 8It C"an handle up to 6 KV A ,  is accurate to ± y,£ o/c ,  
intr dut·e.·· no ·waYeform d istortion, and i s  s1nal ler a n d  
lower in price t han mo t cotnpet,itiv r gulator . Although 
it i l e c t rom chanica l ,  for mo t l i ne Aue uations:, which 
are smal l  on s, it i pra.ct ically as fa t as n-10 t of th o 
caJ lcd • ' i nstantaneous" regulators. 
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1 1  D E C E M B E R , 1 9 5 7  

sumed that errors \Vi l l  n o t  be in troduced 
i n to cable attenua ion measuremen s 
from thi source. 

gen erators canno t be r ad so precisely as 
can th j -f a m p l i fier m t r and att nuator. 

Checking Over-all Accura cy: The equ ip
men t th at ha been des ' r i bed wi l l  ho ld 
i l accu ra ·y for a long t i me , but a 

NEW CABLE MEASUREMENT KITS 

S in ce we an su p p ly e ry th ing neces

sary Lo mca u r  n ar l y al l ·abl y p  s, i t  
h a. b n , uggestcd b y  o mers t h at 
w0 offC'r "cabl m ea u ring k i t  to 

s i m p l e  che ·k can v r i f  j t  at an 

1 erel u s  th tu p to m asur 

attenuation of an extra TYPE 
1 0-db Pad, wh i ch can i n  t u r n  be check ed 
a d-c or aud io fr q u  n 1 . Th fr -

q u ency harac teri t i · of h is I ad 1 

dependably known and i neg l igi b l e be
t ween d-c and 400 M c .  t 3000 M c  i ts 

a t n uation is kno \ n to b 0 . 3  d b  h igh r 

t h an i t  lo w-frequ en y value.  
Th e detec o r  system can al o b 

· heck ed d i rectly at 30 M c  b ·onn cting 
an a cu rate signal  g nerator to the i-f 

amplifier i np u t .  H owev r, many signal 

i m p l i fy th job of e l  c · in g  h r i gh t 
q u ipmen t  and t avo id he nuisan of 

overlook i ng on or two mal l parts and 

h av ing t p l ace a separa o rd r fo r  Lh e1n 
l a ter . Fu rther more a ir gl sou rc of 
su p p l y  g i v e. a u rancc thn t all the e q u i p
ment w i l l work tog h er prop rly.  vVe 

t h ink t h C' s u gg i on i s  a good on and 
we, accord i ngly h ave work ed out a 

basic k i t  w i Lh t wo s l p p lernen tary k i ts. 

Order bv k i t typ n u m b r ;  l l n ot 

nece · <.tr o I i  i n d i v i duu.l i terns. 

TYPE 1 67 1 -A BASIC COA X I A L  CABLE A TTENUAT I O N  MEASURING K .IT $ 1 456.40 

Complete eq u i p r n.en t for 1nea.Hu 1· i n g  a,tten ua
ti  n of most coaxial ab leR at 400 and 3000 i\I c .  

I nc l u des al l 1 nstrum n t  · ne ded plu.  l arge as-

. ortrne n t  of co n n  · tor · r p lace m e n t  fcrr u l  . , 
and adaptors f r mak i n g  con n ection.  o V[l. l'i 1 • 

ca.bl  t rp :-;,  
-

Quantity Type 
1 1 208-B 
1 1 2 20- A 2  
1 1 20 1 -A 
1 874-F 500 
3 874-G l O  
J C 7 4-G20 
1 8 74-M R 
1 1 209-B 
1 1 2 1 6- A  
6 8 74-C 
6 8 7 4-CS 
6 8 7 4-C9 
6 874-C58 
6 8 74-C62 

50 F E C-2 
50 F E C-3 
50 F E C-7 
50 F E C-9 

2 874- Q N J  
2 8 7 4-Q N P  
2 874- Q B J  
2 8 7 4- Q B P  
2 874-QCJ 
2 8 74-Q C P  
2 8 74-QHJ 
2 874-Q H P  
2 8 7 4- Q U J  
2 874-Q U P  

Name 
U n it Oscillator . • 

Un it K ly stron O sc il lato r . . . . . . . . . . . . . . . . . . . • . . . . .  

Unit Regu lated P o w e r  S u p p l y  . . . . . . . . . . . . . . . • . . . . .  

500-Mc Low-Pass Filte r . . . . . . . . . . • . . . . . . . . . .  

Fixed Attenuator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Fixed Attenuator . . . . . . . . . . . . . . . . . . . . . . . . . . . 

M i xe� Rectifier . . . . . . . . . . . . . . . . . . . . . . . .  . 

Un it O s c i l lator . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .  

Unit 1-F A m plifier . . . . . . . . . . . . . . . . . . . . . . . .  . 

C a b l e  Connector . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

C a b l e  Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . •  

C a b l e  Conn ector . . . . • . . . . . . . . . . . . . . . • . . . . . . .  

Cable C o n nector . . . . • . . . . . . . . . . . . . . . . . . . . . . .  

C a b l e  C o n nector . . . . . . . . . . . . . . . . . . . . . . . • . . . . .  

Ferrule . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . • .  

Ferru l e  . . . . . . . . • . . . • . . . . . . • . . . . . . . . . . • . . . . . . . • • .  

Ferrule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •  

Ferru l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . •  

A d a ptor with Type N Jack . . . . . . . . . . . . . . . .  . 

Ada ptor w ith T y pe N P l ug . . . . . . . . . . . . . . . . .  . 

A d a ptor w ith Type B N C  J a c k . . . . . . . . . . . . . . . . . . .  . 

A d a ptor w ith Type B N C  P l u g . . . . . . . . . . . . . . . . .  . 

A d a ptor w ith Type C J a c k . . . . . . . . . . . . . . . . . 

Adaptor with Type C P l u g . . . . . . . . . . . . . . . .  . 

A d a ptor with Type HN J a ck . . . • . . . . . . . . . . . . . . . .  

A d a ptor with Type H N  P l u g  . . . . . . . . • • . . . .. . • . . . • .  

Adaptor w ith T y pe U-H-F Jack . . • • . . • . . • . • . . . • • • • .  

Adaptor with T y pe U-H-F P l u g  . • • . . . . . . . . • . • . • . • • •  

Unit Price 

$ 2 5 .00 

2 . 00 
2.00 
2.00 
2 . 00 
2 .00 

. 1 0  

. 1 0  

. 1 0  

. 1 0  
3 . 7 5  
4 . 50 
4 . 7 5  
4 . 7 5  
4 . 7 5  
6 . 2 5  
6 . 5 0 
6 . 50 
4 . 00 
4. 2 5 

Total 

Total 
$ 200.00 

27 2.90 
8 5 .00 
1 6. 00 
7 5 .00 
2 5 . 00 
3 2 . 50 

2 3 5 . 00 
3 3 5 .00 

1 .2 .00 
1 2.00 
1 2 .00 
1 2 .00 
1 2 .00 

5 . 00 
5 . 00 
5 . 00 
5 .00 
7 . 50 
9.00 
9 . 50 
9.50 
9.50 

1 2. 5 0  
1 3 .00 
1 3 .00 

8 .00 
8 . 50 

$ 1 , 45 6.40 
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� G E N E R A L  R A D I O  E X P E R I M E N T E R  1 2  

T Y P E  ·67 1 -A2 S U P P L E M E N TA R Y  K I T  F O R  M E A S U R I N G C O A X I A L  C A BL E  Zo , 
v, A ND C • • • • • . • • • . .• • • • • • • • . . . . . . . . . . . . . . . . . . . . . . . . • • . • • . . . . . $ 1 44 7 . 00  

T p "'  1 7 1 -.\ K i  all  i 'tru
de<l o 1ne'l ·ur d 1 ar

lo i ' o propag: 1t . i  u ,  

coux.i;i l · :1b1 ·•· a:· w - I I  

a "  capa.cita11c • � nc.1 ca.pa ·i Lan · 

rno. ·t .·h' ldetl or u n. hi Id d 
ea I _ · .  

(J1wntily __ _ 'l_'y_p __ _ 

l 2 1 4- .A  
� 8 7 4- 0 2  
I 874-VQ 
1 874-WM 
I 1 2 1 2- A  
l 1 203-B 
I 1 95 1 -A 
1 7 1 6-CM 
l 505-F 
1 7 20-A 

.\-am 
'U nit· O s c i l l a t e1 r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

A d a ptor lo -G.R Type 274 . . . . . . . . . . . . . . . . . . . . . . . .  . 

V o ltm eter-Detector . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
50-ohm Tenn i n at i o n  . . . . . . . . . . . . . . • . . . . . . . . . . . . . .  

U n it N u l l  Ootoctor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

U n it P o w er S u pply . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

F i1 Jt e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

C a pa c i t a n c e  Bri d g e  . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .  

Ca pa c i tor . . . . . . . . . . . . . . . • . . • . • • . . • . • . . . . . • . . . • .  

H etero d y n e  Fre q u e n c y  M e·ter . . . . . . . . . . . . . . • . . . . . .  

Unil Price Tol il  

$ 7 5 . 00  
$ 4 . 2 5  8 . :50 

30.00 
1 2. :50 

1 4 :5 . 00 
40.00· 
7 5.00 

600.00 
6.00 

45 5.00 

Tota l $ 11 , 4 4 7. 00 

T Y P E  1 67 l -A 3  S U P P L E M E N T A R Y  K I T  F O R  M E A S U R I N G B A L A N C E D r  TWI N
C O  D U CT O R  C A B L E 'S  . . . . . • • • . • • • • • • • . . . . .. . . . . . . . . . . . • . . .. . . . .. $462.00 

.\ dd.· t Lia · ic T Y J> ••: I ' 7 1 -.- K i  • nd , ur ple
m c 1 1  � q· T Y PJ:; J '7 1 -.\2 l � i al l  � <'C· "sori . ·  

n ed 1.f t o  men . L t r  : t ion , du rn. d <r•r i!"  i c  

i n  p da.r <.:c, and VC'I C ' i  f r paga tion 
.·hi Id d or unshi kl u twin- on uct )r cabl 

Quant ity 
� 
-t-
..i 

Tyµ , 
8 74-UI B  
8 74-020 
8 74-L 1 0  
874- U S- P 2  
874- U B- P 3  
874-U B-P4 
8 7 4- U B-P4A 
1 OOO- P 5  

Ba l u n  . . . . .  , . . . . . . . . . . . . . . . . . . . . . . .  , . ,  . . . . . . . . .  . 

A. d j u sfa blle 'Stu b .. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .  

50-o h mi  A i r L:i ne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
200! .. o h :m Te nn i in oil l  U n i t  . . . . . . . . • . . . . . . . . . . . . • . . . .  

300-o h m  Te·rm i n a l  U n i t  . . . . . . . . . . . . . .. . . . . . . . . . . . . 

A d a  pf or . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

A d o pfor C a b l ·e  . . • . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . •  

V-H-F Tra n �for m er . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

T h  

'nil Pric 
$ 7 5 . 00 

1 4.00 
5 . 50 
'6 . 501 

1 5.00 
50.00 
1 8.00 
2 7 . 50 

Total 

Total 
$ 1 50.00 

56.00 
2 2 . 00 
m 3.oo 
30 .. 00 

1 00  .. 00 
36.00 
55.00 

$462.00 

·kn >wlc ]g . t h  

r 

1 n. r · j v l fr m 

. epara 

Type 1, 8 6 2- B  M e g o h m  m eter . . . . • • . . • • • • • $ 2 5 5.001 
T y pe :5 44- BA Megohm Bridge . . .. . . .. . . . . .  3 6 5 . 00  

' o r  auto1na. i · l in  "' >I  aK regula i n :  

. y pe 1 570-A L  A u t o m at i c  Voltage R e g u lator $ 4 80.00 
( Be n c h ,  rock, or w a l l  m od e l }  

G en e ral 

l l  

' m .len: :i:.tn and t 
u l h  �rl.and 

h m .  

t any-

- \V . I . T II ll '1' J 

adio Comp an y 
e x t e n d s  to a l l  Experimenter r ead ers i s b est w i shes 

fo r a M erry C h r i stmas a n d  a a p p y  N e w  Year. 
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