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3 OCTOBER, 1957 

TRANSISTOR TESTING WITH TYPE 874 

COAXIAL ELEMENTS 

The excell nt 1 ·trical prop rti and 

case of interconnection of General Radio 

Coaxial Elements have led to th ir use 

in many spc ·ialized te ·tino· systems at 

very-high and ultra-high fr qu nci 
An interesting example j their use by 

ngine r · of the Phil ·o Corporahon in 
the evaluation of the high-frequency 

capabilities of SBD,.1-12 graded- base 

transistors.* With thi coaxial-line 

equipment the tran ·i. tors have o cil
lated at frcquC'nci a. high as 1100 J\1c, 

as contrasted with an upper-frequency 

limit of 700 Mc in circuits using con

ventional lumped-constant len�cnts. 
Ex ell nt agr m nt ha b en ol tained 

between ineasured results with the coax

ial circuits and predictions of transistor 
perlormanceha ·edonconventi nalmea -

urcments at frequencies beloff 300 J\1c. 

The TYPE 874 Coaxial Elements have 

been used in the measurenient of both 
o·ain and imp dance, and in th determi

nation of o cillation capabili y. Standard 

elements were used for the n1ost par , 

although a few were modified for SJJC'cific 

purposes. These modification arc de

tail d lat r in this arti ·le. 

*Thi.- work was perfornu'<l in the Philco Rebearch Di
YisiQn, in a transistor appli('ation.' group under the clir t·
rion of .Jame l . Angell, by Donald A. Zettel, a student 
of the cooperative program at the nivernity of Detroit, 
"-orking und r th guidance of l\1ario l\1. Fortini. Tl1 
work was i<upported in part b�- the , ignal Corps uncl r 
r·ontra.et 1\'"Q. DA-3G- 39 • C'--H3040. 

U-H-F AMPLIFICATI ON 

The technique for mea uring the un

neutralized o·ain of a graded-base tran

sistor in a ·ommon-ba ·c onnection i 

hown in Figure 1. The coaxial-lin 

equipm nt con i t ·of a tran i ·tor mount, 

input and ou put matching ions, and 

d-c upply path for po\\-ering the tran

sistor. Each matching ·ection consist of 

an adjustable-length line and an adju t

able , hunt . tub. TYPE 87.J- � oupling 
Capacitor in the tub pre ent he 

stub,_ from short-circuiting the bias cur

rent to ground. D-C pO\Yer is applied by 

means of a fecd-throurrh capac 1 or, 

which s rve a th . hor - :ir uiting nd 

of a quar er-wave stub. 

Gain is measured \\ith a bolometer 

and power meter after th input and out

put ·ir ·uit t th tran. i tor are matched 

to the characteristic impedanc of h 
line. B ·ause the transi tor has a certain 
amount of int rnal feedback, caused 

chiefi. by the olle ·t r capacitance and 

ba. e spreading re, istan e, pr caution, 

arc ne ·e ary to in urc the simul ancou 
matchino· of inpu and output. Firs the 

input i matched by mean of the in

put adju. table line and tub with the 
outpu tcrminat d in a TYPE 874-vVJ\I[ 

50-0hm 'I crm ination . A ignal o· ncrator 

and lotted line are u ed to indicate th 

Figure 1. Functional diagram of the u-h-f amplifier. 
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GENERAL RADIO EXPERIMENTER 4 

mat ·hed condi ion at the fr quency of 

interc t. A 50-ohm termination i th n 
connected to he input , and the output 

circuit is ma ch d, again u ing the sio-nal 

generator and slotted lin to de rmine 

the match. This proc i rep ated on 

both input and ou put un il a match is 

imultaneously achi v d at ea ·h nd of 

the amplifier section wh n he other end 

i terminated in 50 ohms. The gain i 

mea ured b fir t no ing the power into 

a 50-ohm bolom ter fr m a mat hed 

o·enerator, and th n noting th power 

output with the matched amplifier in
serted b tween th gen rator and bolom

e er. 

U-H-F OSCILLATION 

Figur 2 i a photograph of he oscil

lator arrancrement in \Vhich the TYPE 

87 oaxial-Lin El men ts are u d. 

diagram of th quipmen in thi · · tup 

h wn in Figure 3. Th o cillator i. in 

enc a tuned amplifier, a de crib cl 
above, in which the output i conne ·ted 

back to the inpu through an adjus able 

line. A T PE 74-I 1(10 Adju table Line 

i u ed to adju th pha e of the feed

back. A hi h-pa filter ection in the 

fe dback path is necc ary t pr ent 

o cillation at ome lower frequency. 

In practice , the o cillator is adjusted 

as follow . Fir t th input and utput 

ar tuned to ome partic ular fr quency, 

a de crib d in the above se tion for the 

amplifi r. If a crain oT at r than unity is 

ob ervcd a thi frequen . th fe dback 

path i · clo ed from output to input. The 

pre en · of o illati n i d tec ted by a 

change in th ran i tor colle ·tor cur

rent a the phas in h fe dback path 

adju t d. Th frequ n y of o cilla

·ion i. n1 a ured ' i h a uper-h tero

dyne r ceiver coupled loo ely in o a 

TYPE 7-1-LR Radia ing Line in the 

feedback pa h. 

In 01 der to d t rmin th maximum 

frequen y of o ·uation th above pr -

cedurc is rep ated at p1·ogr i ely higher 

frequ n i orma lly the proce on

verg · v ry rapidly , inc h amplifier 

gain \ a.ries a a ra ry · lo e to -6db 

per octave of freq uen y in t e ran of 

interc . 

0. ci llation fr qu nc1 in excess of 

1100 lYic ha e b n obtain d n d v lop

mental grad d-bas - ran i. tor of th 

BD'I-12 variet . In o·en ral, betw en 

200 and 400 Mc can b added to the 

maximum fr quenc. of o illation when 

the ·oaxial-line t chnique ·are employed 

in pr f rence to p udo-lun�p cl-con

stant ircuits. The maximum frequencie 

of o · illation d termined with h coa '

ial-lin equipment l av agre d very 

clo ely with ex rapola ion of ga1n

ver u ·-frequenc plo of the tran-

i tor under te t with the a-ain be

low 300 M · mea ur d in neutralized , 

common-emitter, lump d- onstant cir

cuits . 

Figure 2. View of the u-h-f oscillator setup. 
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Figure 3. Functional diagram of the u-h-f oscillator. 

SPECIAL COMPONE NTS 

FOR. U-H-F TESTS 

Four pe ial component '� re r -

quired in he abov te ·t . All of the 

omponent wer r adily fabri ·ated 

from variou c01npone11L' of the TYPE 

7-! line of coaxial quipm nt. 

The Transi tor Jf 01tnl i hown in 
Figure 4. It ,,-a.· a "mhled from a modi

fi d TYPE 74-\V �3 � hort- ircuit rler-

1nma ion nd a 'I YPE 7-+-B Ba i Con

nect or. A hield at th middle of th 

mount i olate th inpu from the out

put circuit. The ba lead of the tran

.-i. tor i. gr und d to th i. . hield. The 
tran i t or can l o-rounde<l to t hC' ont r 

Figure 4. 
Transistor 

mount. 
Figure 5. Modified adjustable 

line (Line Stretcher). 

c n lu 'tor of th mount. Th mitt r 
and ·ollector leads are tied to the center 

ndu t r of th ' input and outpu con

nector. respectiv ly. 

Lin .... tretch r wer requir d for bo h 

th inpu and u put cir ·uit ·.It i, nee 

ar:v hat the. e liu be of th hort t 
1 ngth po ibl for th cl ir cl impedance 

transformation, in r l r to minimiz th 
po ibility of -puriou low-frequency 

mode· of op ra iou. Th inpu line 

tretch r i fortunately a ·hiev d, in the 

thou ·and-mega ·y 1 range by a partial 

di eno-ao·ino- of th · rn1c ·tors b tw � n 
the transi. tor 1noun and the input 

mat ·hino· tub. rl h u put lin t ret her 

Figure 7. D- C supply termination. 
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figure 6. View and diagram of high-pass filter. 

is som "·ba,t longer, becau of th nee 
sity of matching a higher V 'VB. Th 

- -ceni.imet r lin ' . ·tret ·h r, which is a 

hort n d form of the ·tandard 'I1YPE 

87-1:-LA Adju ·table Line, i h°'Yn in 

Figure 5. 

Iligh-Pa F'illers for the fe dba k 

path were form d out of TYPE 7-1-'I' Te 

Connectors. Each of the filt r in ·lud s 
a scric. coupling capacitor in bo h the 

input and output center condu ·tor , to

gether ·with a shunt tub, wh length 

i adjusted to re onate with th series 

capacitors at a frcquenc_ somewhat be
low the intended frequ nc:v of o illa
tion. The series capacitor were f rm d 
by use of a thin lee ·e of Teflon, a 

sho\vn in Figure 6 ; the ar a of t hi o
axial capacitor "·a adju. ted to pro
duce a ·apaeitanc· of 5 µµf, whi h gave 

the <le ired impedan e level a the cut

off frequen ·y. 

Th d-c jef'd el ment ·on ist of a f cd

through 1500-µµf di k-ceramic capacitor 

in a 1: YPE 874-B Ba ic onne ·tor, as 

hown in Figur 7. Thi. 1nount pro
vides a hort circuit to high-fr qu ncy 

current a th po. ition of th apacitor . 

A quart r-wa\ . tub i form d from an 

appropriate lengt-h of lin with th ca-

pa. itor at it end; thu. the additi n of 

th d-c I O\\·cr doe no affect the a-c 

configuration. In order that thC' d-c 

power be k pt from the signal genera tor 

and th bolomC't r wh n amplification 

i mea ured, TYPE 7 -I( Coupling 

Capacitor. ar u. d In th input. 

and utput circuit. . For the oscilla
tor, only one blocking capac i tor i re

quir l in the fcedl ack path in order 

to k ep th collector supply i. olat cl 
from. the mitt r supply; th capaci

tor. in h fil tcr, n nnally provide tl is 
isolation. 

A D MI TTANCE MEA SUREMENTS 

The TYPE 7-1: oaxial-Line Equip

m.cnt has nl o been n. cd for he d crm.i
natio n  of . hort-cir ·uit input and out

put admittance. of tra1 i tor" in th 

u-h-f rano·c. Th im1 edanc In asur -

mcnt at the terminal of int-r t i made 
through the u of th lot cl line and a 

tran. mi. sion-line hart by m asur rnent 

of th Y 'VH ref erring ba k to h po

sition of the tran i or terminal. An ac-
urately known h rt circuit i · csttlb

l i  h d at the oth r tran i tor terminal 

through the use of a half-wavel ngth 

hort-cir cnited section of oaxial line. 
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MORE NEW CAPACITORS 
In a recent1 issue of the EXPERI

MENTER, new designs for laboratory 

standard mica capacitors were an

not1nced. These d ign improveme11 

are now extended to the le s-precise, 

lower-priced TYPE 505 Capacitors and 
o the decade capacitors in which TYPE 

505 Uni s are used. In the decade ca

pacitors a new switch, and in the 

decade assemblies a redesigned cabinet, 

offer additional advantages. 

TYPE 505 CAPACITORS 

The silvered-mica electrodes and other 

improv ments embodied in the new 

T �PE 1409 tandard Capacitor 1 are 

now available in the TYPE 505 Capaci

tors and these units are now rnanu

f actured to new and considerably im

proved specifications of tolerance and 

dissipation factor. The capacitors are 

1Ea."ton and ::'.\leElroy, " cw, Rilvcre l 2:\lica, , "tandard 
Ca.paeitors, TYPE 1409," Genernl Rr.tdio E.xperimenier, :32, 
2, July, 19.:>7. 

Figure 2. Panel view of the Type 1419-K Decade 
Capacitor. 

figure 1. View of Type 505 Capacitors s howing the 
two case sizes and the arrangement of terminals. 

housed in low-lo. ·, ' molded-phenoli ca e 

and are equipped with both crew- and 
plug- type terminals ar d with flanges 

for mounting. 'I'hey are used both as 

laborator. " . ccondary standards" and 

as circuit clements in mea urin.g equip

men.t as, for example, in a number of 
General Radio hridg in he 1-percent

accuracy ·la ... 

Dis ipation f ac or of th unit , in 
the 1000-µ.µ.f and higher . izes does not 
exceed .0003. The lossc. in the phenolic 

case in crease the dis. ipation fac or 

slio-htly for unit. of 500 ,uµf and maller. 
Leakage resistance is 5000 meo-ohm

microf arads or 100,000 megohms, whi ·h-

ver is the lower. 'I he first figure repre

·en t the performance of the 1ni a, while 

the second represents the phenolic case 

and i · con trolling below 0.05 µf. 

The . ·am high-qnali y sil \- red-mica 
sheets arc used in the con:-;truction of 

the TYPE 505 Capacitors as arc u ed in 

the TYPE 1409 Standard Capacitors. 

Accura •y of adj1vtmC'n is ± 0. - 0, in 

contrast to the O. l ndjnstinent of the 

TYPJ<} l-+09. Th lo\Yer a ·  ·urac.v and the 

le .. - xp n ivc pa ·ka.ging re ult in a unit 

th.a . ell at a price . ub t antially lo,,-cr 
than that of the 1-!0. 1, but whose char

acteristics and stability are entirely ade

q iate for many laboratory, prodnction

linc, and instrument application .. 
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GENERAL RADIO EX PERIMENTER 8 

SPECI FICATIONS 

Accuracy: ±0.5% or ±3µµf, whicheveT is the 
larger. 

Te mpe r a t u r e  C o e f f i c i e nt: Approximately 
+0.0035% per degree Centigrade between 10° 
and 50° Centigrade. Calibration is made at 23° 
C., at a frequency of 1 kc. 
Dissipation Factor: 0.0003 for 1000 µµf and 
higher; 500 µµf, 0.00035; 200 µµf, 0.0004; 100 
µµf' 0.0006. 
Frequency Characteristics: See plots below. Series 
inductance is approximately 0.055 µh for units 
in mall case and 0.085 µh for large case. Series 
resistance at 1 Mc is a,pproximat0ly 0.03 ohm 
for small case and 0.05 ohm for large case, 
varyinµ; as square root of frequency above 
100 kc. 
Leakage Resistance: Greater than 100,000 meg
ohms, when measured at 500 volts, except for 
the TYPES 505-T, 505-U, and 505-X, for which 
it is greater than 50,000, 25,000, and 10,000 
megohms, respe ·tively. 
Maximum Voltage: See t able. At higher frequen
cies the allowable voltage decreases and is in
ver ely proportional approxirn_ately to the 
frequency. These limits corre pond to a tPm-

perature rise of 40° Centigrade for a power 
dissipation of 1 watt for the small ca e and 2.5 
watts for the large case. 

Terminals: Screw terminals spaced % inch apart. 
T'wo TYPE 274-P Plugs are supplied with 
each capacitor. High terminal (in&ide foil) its 
marked H. 
Mounting: Mica-filled, low-loss phenolic - ca es. 

Dimensions: See ketch. Ove1·-all height , 1% 
inches for large cas , 1 inch for sn�all case, 
exclusive of plugs. 

2 MTG- HOLES 
NO. 16 DRILL IN------------
SMA LL CASE 

2 MTG. HOLES 
NO. IS DRILL 
IN LARGE CASE 

Figure 3. Dimension sketch of Type 505 Capacitors. 

Frequency 
Niaximum Limit for Weight in 

'Type Capacitance Peak Volts Max. Volts Ounces Code Word Price 

505-A 100 µ.µ.f 700 12Mc 4 CONDE ALLY $ 8.00 

505-B 200 µµf 700 7 4 CONDE BELL 6.50 

505-E 500 µµf 500 3.5 4 CONDE COAT 6.00 
5 0 5-F 0.001 µ.f 500 2 4 CONDENDRAl\l 6.00 
505-G 0.002 µf 500 1.1 5 co DENEYRE 6.50 

505-K 0.005 µf 500 500ke 5 CONDE TFACT 6.50 

505-L 0.0 1 µf 500 320 5 CONDENGIRL 8.50 

505-M 0.02 µf 500 200 6 CONDENHEAD 9.00 
*505-R 0.05 µf 500 100 11 CONDE CALM 13.50 

*505-T 0.•1 µf 500 50 12 CONDE�Crtav,· 16.50 

*505-U 0.2 µf 500 25 13 CONDE '\\'!PE 24.00 

*51>5-X 0.5 µf 500 10 15 CONDEN"\\"JLT 52.50 

*).Iounted in large case. 

IOl----+----+----+--�l-+--1�-+1!--.,__-+------l 
... 

�lu 

IOOMc .00001�--�--�--�--�----'----'-------' 
IOc IOOc Ike IOkc IOOKc IMc IOMc tOOMc 

Figure 4. (Left) Change in capacitance as a function of frequency for Type 505 Capacitors. These chaages are 

refened to the values which the capacitors would have if there were neither interfacial polarization nor series 

inductance. Since the capacitors are adjusted to their nominal values at l kc, the 1-kc value on the plot should 

be used as a basis of refere-nce in estimating frequency er¥ors. (Right) Dissipation factor as a function of 

frequency. 
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THE TYPE 980 SWITCH 

By the use of an appropriate switch, 

four individual capacitor units can be 

paralleled in various combinations to 

pro vide a decade sequence from 1 to 10. 
The new TYPE 980-P 12 Switch, replacing 

the former TYPE 380-P3, is designed for 

this purpose. The switching sequence is 

designed for the use of a 1-2-2-5 series 

of capacitance values. This combina

tion was selected from the several avail

able ones to utilize for the decades the 

same nominal capacitance values that 

are stocked as individual units . The 

Type 

operating principle of the switch is the 
same as that 0f its predecessor , employ

ing sequential parallel ing actiqn by 

means of leaf springs, which contact 

the common rotor by the action of 

shaped cams. The outstanding character

istics of this new switch are the low 

capacitance, extremely low dielectric 

losses, and very high leakage Tesistance, 

all obtained by the use of cross-linked 

(thermosetting) poly tyreue in the sup

porting structure and shaft. 
2Actually in use for f'evcn:i,l years, but not hitherto an
nounced in the E.cperimenter. 

Code Word Price 
980-Pl Switch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I SWITCHHIRD $1 1 .00 

THE TYPE 980 D ECA D E  CAPA C I TANCE UNITS 

The new switch and the improved 

TYPE 505 Capacitors are combined to 

make the new 'I YPli: 980 Decade Ca

pacitors. The low losses of these "dec

ades" make them suitable for use in 

a-c bridge , resonant circuits, and filters. 

Figure 5.· View of the Type 980-F Decade Capacitance 
Unit. 

2 MTG.HOLES 
#/0-32 TAP 

-.----------,.., ---------; /;---------··i 
� , 

i - - - - ----; --i----- -"' � 
t I � I' 
, II : I 11 :: 
: i: l :1 :: 

=t: 3 � : -$-1 I u :! 
"' � � 8 O{A . -• I L---' r 

' � : .. �� � �>:=�:�3�::��l ��{\J �=====�====� 
� <» .... �� °' ;-----� l'r)l't- I :-----""'� � 
0) tr)-.. 1• : I ,: 
<ti �(() I ' :; ' L$- I :: 

1� l L __ :�_-_-_-:_i- -

--
-----1--�-��� _ _ Jr DEPTH BEHIND _1_ 3 5 980 -L.-M, ·N � 

PANEL 4.L 16 I 980 - H 16 3 - -"--'-'------
' 2 4�_9tlp:_G __ 

,...._ ______ 16_ 4 25 980-F 
32 

Figure 6. Dimension of Types 980-f', -G, and -H 
Decade Capacitor Units. 

In a resonant circuit, for in tance, the 
Q of 3000 is sufficiently high relative to 

losses in practical inductors that the 

capacitor loss can usually be ignored. 

The high leakage resistance makes them 
useful in many d-c circuits. Two new 

decades ar now available, the TYPE 

980-G and TYPE 980-H, with capacitance 

steps of 0.01 µ.f and 0.001 µf, respec

tively, in addition to the older TYPE 

980-F, ·which haR O.l-µf steps. 
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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 0  

S P ECI FICATIONS 

Electrical p cifica.tion:.:; are the ::>um.c n.s those 
for TYPE 505 Capacitors. 
Dimensions: Sec sketch .  

Type 

Net Weight: TYPE 980-F, 3 pounds, 12 ounces ; 
TYPE 980-G ,  2 pounds ; TYPE 980-H, 1 pound, 
10 ounces. 

Code Word Price 
980-F 
980-G 
980-H 

1 .0 µf in 0. 1 µf steps . . . . . . . . . . . . . . . . . . . .  . . .\.(;UTJ<:: $ 1 28 .00 
60.00 
45.00 

0. 1 µf in 0.01 µf steps . . . . . . . . . . . . . . . . . . . . .  . AVOWD 
AV.rA TT 0.0 1 µf in 0.001 µf steps . . . . . . . . . . . . . . . . . . . . .  . 

TYPE 1 4 1 9-K D ECADE CAPA C I TO R  

Figure 7 .  Inter i o r  view of the Type 1 4 1 9-K Decade 
Capacitor. 

An assembl>r of ind i Y i du a l  decade 

un its , traditionally referred to as a 

"decade box , "  is a basic and popular 

piece of laboratory equ ipmen t . The 

TYPE 2 ]  9-I� Decade Capac i tor , a fixt ure 

in t h e  Genera l R adio cata log for a great 

many years, i now replaced by a n ew 
and i mproYed rn.odel , TYPE 1 -± 1 9-E:. 

The preY ious model u. ed for the 

. 0 1  µf- and .00 1  µf-per-step decade h igh 

Type 

qual i ty , mo lded mica capacitors spe

c ial ly made by a lead ing manufacturer ; 

the ne"· model uses the TYPE 505 Ca

pac itors , described above, throughout. 

The new, low-loss switches are, of course, 
used . The result is a t hreefold reduction 

in dissipation factor on these decades. 

As to stab i l i ty of capacitance value.  

observations t o  date suggest constanc:v 

of capacitance, 'vel l  within 0. 1 % for 

a period of several years and quite 

probably indefinitely, since no sys

tematic drift in capaci tance value ap

proac hing thi s  figure has as yet been 

observed . 

The TYPE 1 4 1 9-I{ is hou ed in an 
alumi num cabinet, sim i l ar i n  des ign and 

appearance to the companion TYPE 

1 432-Decade R esistors and TYPE 1 4 1 9-A 

Polystyrene Decade Capacitor . 3 As with 

all G-R laboratory components an

nounced recently three terminals are 

provided to permit u se as a grounded 

two-termi n al device or with case onl>r 

grou nded and both active terminal 
above ground . 

SPEC I F I CATIONS 

Dimensio ns: (Length) 14:;4 x (width) 5 ;1 x 
(depth) 671 6 inchc::;, over-al l .  

Net Weight: 1 1  pound.�, 9 ounces. 

3" 1 cw Decade Capa c-it.or with Poly. t:yTcne Dielectric," 
General Radio E.cperi11ienter, 3 1 , 2,  .Ju ly, 1 9 5 6 .  

Code Word Price 
1 4 1 9-K [ 1 . 1 1 0  µf i n  0.00 1 µf steps . . . . . . . . . . . . . . . . . . . . .  [ CREEK $255.00 

ToTE : Othcr preYiously l i . ted TYPE 980 Decade Capacitance nits and TTPES 2 1 !)  and 1 4 1 9  Decade Capacitors arc 
till  avai lable. The<"C i 1wlu<lr the TYPE 2 1 9- r DcC'acle Cnpaeitor a n d  the TYPES 9- 0-L, -:.\ I ,  and - T Decade Ca

pacitn nre l " n its. 
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1 1  O C T O B E R , 1 9 5 7  

R E D U CI N G  T R A N S FO R ME R  N O I S E  

W IT H  T H E  SO U N D -LE V EL METE R 

Users of General Radio equipment 
of ten devise ingenious ways of applying 
their instruments to speciali zed prob
lems. A good example of this ingenuity 
is reported by Mr. Theodore R. Specht, 
design engineer, Transformer Division, 
Westinghouse Electric Corporation in 
Sharon, Pennsylvania. 

Mr. Specht was faced with the prob
lem of determining whether the vibra
tions in a transformer core had resonant 
modes or were random. If the core is 
resonant it will vibrate in modes that 
cause high sound levels about the core. 
A combination of the General Radio 
vibration-measuring equipment and an 
oscilloscope, as shown in the block dia
gram in Figure 1, were used to make 
the determination. 

A TYPE 759-P35 Vibration Pickup and 
an integrating-circuit Control Box con
vert a Sound-Level Meter to a vibration 
meter. The TYPE 760-B Sound Analyzer, 
which is a narrow-band , tunable ampli
fier, is used to evaluate the fundamental 
or any one of the harmonics of the vibra
tion under study. In this case, the f unda
men tal is twice the transformer test 
frequency. 

Figure 2. A m plitude and phase response 
Type 760-8 Sound Analyzer. 
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Fig ure 1 .  Block diagram of the vibration-m easuring 
system. 

The output of the analyzer is applied 
to the vertical deflection plates of the 
oscilloscope. A linear hori zontal time 
sweep synchronized by the test fre
quency source is used. If the test fre
quency is 60 cycles, the oscilloscope can 
be synchronized internally by line 
synchronization .  

I f  the analyzer is tuned to the peak 
of the vibration fundamental or one of 
its harmonics, its output will be nearly 
inverted in phase with respect to its 
input. From the response curve of the 
analyzer, shown in Figure 2, it can be 
seen that if the analyzer is tuned to 
within 0 . 2  db of the peak of an input 
signal the phase of this signal will be 
within ten degrees of being exactly in
verted with respect to the output signal 
of the analyzer. 

Since relative phase measurements are 
desired, the problem of determining 
absolute phase shift in the complemen
tary equipment is ignored . The vibra
tion probe is placed at different core 
locations, and the resulting oscillo
scope patterns show phase differences 
of the vibrations at these locations. If 
the transformer core is mechanically 
resonant, the vibration pattern will 
follow one of the usual modes with zero 
or 1 80° phase difference between various 
p laces . Design changes must be made if 
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