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Introduction

The individual who can most effectively and most econcmically
service a faulty redio receiver installation, will fare best in the long run.
Economy and rapldity of cperatlon are the itwe parsmount factors in every ser-
vice business, be it redis or automobiles.

A redio servioe installstion must include certain equipment
other than testing units designed solely for direct application to radio re-
ceivera. Many of the parts of , or assoclated with, radic receivers require
testing and observation. FEnowledge thus gained, is of invelusble aid in
the complete routine of redio servieing.

By the same token, the radic service man must have & broad via-
ions He must be sable to adapt one unit to function in many places: Frac-
tically every radic service unit possessea the property of versatility. An-
other lead, another meter, or psrhape another switch and the utility of the
testing unit has been greatly increased. The service man must thoroughly un-
derstand his testing equipment. He must be fully aware of the function of
each unit, each meter. He must know what he should expect, what the meter
should indicate. This knowledge more then any cther, will sxpedite radio
servicings

The prime property of a servicing unit, should be rapidity of
operation consaistent with resulte. As such, the ejuipment mentloned in this
treatise has been deslgned to produce information amd results with minimum
effort on the part of the operator.

Dimsmsional constructional details have been omitied, since the
comstructor alone knowe his limitations. The equipment described herein can
be built in any form; on & baseboard, panel or in a cabinet. Thatever the
form of construction, it should be such that it permits repidity of opera-
tion,since the time factor over & pericd of a year is manifest in dollars-
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Sectlon 1. Tube Testing Unita

Tube Reactivator

A tube reactivator censtructed by the writer is shown in figure 1.
A2 & resctivator, this umit is suitable cnly for rejuvenating thoriated tungs-
4en filaments. Oxide coated (ilaments cannot be reactivated. Once the oxlde
4is burmed off, the tube is useless. The unit shown is suitable for the reacti-
vatlon of 199, 120, 2004, 2014, 171, 210, 213 and 2168 type tube filaments.

E is a standard four prong socket. TRA

is & toy transformer such as is used for

the operation of toy electrlc treins. The
unit selected should provide putput woltages
from 3 to 18 volta in steps of at least 2
volts:. The freqguency and input woltage re-
ting of the transformer, 1a governed by the
svailable line supply: Switch 51 is a part
of the transforser. The volimeter B is a
Feston {476, O to 25 volts AC. The resis-
tance values are as shown in the illustira-
tion smd are employed to reduce the trans=-
former output voltage to the “flash® or
"eooking” woltage.

TR The process of resctivation con-

siste of the application of a "flash” wolt-
age, followed by & "cooking” voltaps, thess

Fig. 1 values being indicated on the voltmeter V.

The resistances smployed to reduce the trans-

former cutput veltage to the correct tube terzinal voltage, are wvariable ([ rheo-
stats) and are utilized for the original sdjustments after which the propsr fila-
ment voltage ia obtained by setting 81 to the 18 wolt tap and opir‘l.t!.hi the push
button for the flash voltage and the contact switches for the "cooking® woltage.
The effect of the voltmeter reslstance upon the transformer output is balanced by
means of the associated econtrol resistances which are adjusted to provide the cor-
rect filament voltage ap indicated upon the voltmeter. This voltmeter is always
in the eircuit. Te "flash" at 18 wolts, S1 is set at the 16 volt tap and 52 which
iz a push buttor, 18 closed for an instent or the peried of flashing. To "flash”
at 12 volte, 81 1s pet Lo the 12 volt tap and 22 again closed for the period of
flashing. To "cook™, 51 is placed on the 18 volt tap and 83, the contact switch
iz closed when the cocking voltage is more than 4 volte. Rl controls the cooking
voltage values above 4 volte. If set at T volts, the valus of B2 can be made such
as to afford a filssent volimge of 4 volts when 53 is opem amd B2 is in the cir-
cuit. During cooking 82 remains open. With 53 closed, Rl provides esoking wolt-
ages between & and O volts. The adjustment of R governs the "flash" voltage.




Reactivating Voltages

Tubes Flash Voltage Cocking Voltage
=929 12 for 1 sec. 4 for 15 min.
=20 12 for 1 sec. 4 for 15 min.
=01lA& 16 for 1 mec. T for 16 min.
=00A 16 for 1 sec. T for 15 min.
=71 16 for 1 sec. 7 for 156 nin.
=10 ne flash ® for 15 min.
=13 ne flash 6 for 15 min.
=168 no flash 9 for 15 min.
=40 16 for 1 sec. T fer 15 min.

Electronic Emisaion Table

Tube Fil. Voltage Plate Voltage  Hinimum Emission

12 1.1 50 6+0 milamperes
-39 3.3 60 6.5 milamperes
-20 3.3 B0 130 milasmpares
-0LA 5.0 50 20+0 milamperes
=00A &.0 ] 14.0 nilamperes
=40 5.0 50 14.0 milamperes
=12 ] 50 46+0 milamperes
=LA mmec—scemmcmm—am—— flio Epission tests
=71 B0 50 40:0 milamperes
=1p B0 100 86+0 milsmpares
=60 G0 250 5050 milampares
=26 1.5 &0 35+0 mils=pares
=27 2:5 B0 35.0 milamperss
=13 4.0 100 40:0 milemperes each
=-1&8 [ 125 B5+0 milamperes
=20 8.0 BO 100:0 milemperes
=81 7.5 150 2000 milamperes
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A Calibrated Vacuum Tube Bridge

The cocesion often arises when it is necessary to ascertain some of
the major electrical comstants of a vacuum tube, for exsmple, electromic emims-
lon, "mu" or smplification factor, plate impedance and mutual conductance. To
plot curves which will afford this information, is quite a tedious process and
involves extensive calculation. Herewith is shown a testing unit suitable for
the determination of thees walues, without recourse to curves or extensive cal-
culations -

With respect to the testing of AC and DO tubes, the same system is
applicable to both since cnly the type of filsment potential differs. fact
that AC tubes such as the 226, the 227, the Eellog nd the Arcturus wtilize AC
filsment voltages whem the tube is applied to & receiver, does not necessarily
aignify that the slectrical constants sf the tube must be mseertained with AC
filsment potemtial, unless the output ripple is being determined. If such com-
stantsa as plate current with various plate voltages, smplification factor,
plats impedance and mutual conductance, are to be determined, the filement can
be operated with D0 potentials. Referring to figure 2, this method is applica-
ble for the testing of the conventlomal type of wacuum tubes.
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This arrangement permits the determination of the electronic smis-
sicen and the dynsmic values of amplification constant or mu, plate impsdance and
mutual conductance, ihe latter being obtained by a very simple caloulstion. This
bridge ia one of the best available for this work and if inetructions are follew—
ed, results will be equal to that sbtalned by the writer. The multiplicity of
switches should not confuse the reader. They appear difficult but once the undt
has been completed, operation is very simple. Figure 24 shows Lhe changes neces-
sary when the cathode type of tube ir employed. Te refer to the & prong tuba.
The 4 prong cathode tube operated mt a filsment potential of 15 volte, can be
placed into the regular socket. T is the vacuum tube under test. A is the fila-

ment battery. This type of filament potentisl source is satisfactory for the test-
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ing of AC and DC tubes. In the case of the 5 prong cathode tube (AC) grid return
and plate return leads are connected to the cathode, since the filement is mere-
ly a heater and the cathode is the source of electrons. The filsment is not a
pertion of either the grid or plate circuits. PH is a headset: The potential
of battery B is govermed by the wvalue at which the test is to be made. =1 and

82 are 12 pole anti-capacity cem switches. The ewitches employed by the writer
wore of Federal ssnufacture. Voltmeter ¥ is a Weston 301 O to 8 volts IC volt-
moter. MA is o Weston 301 O to 10 DO millissmeter. Bl is a 10 chm fixed resis-
tance (Electrad Truvolt type B). BRE is o wariable calibrated 1000 chm resis-
tance conalsting of 10 L ohm resistances, 10 10 ohm resistances and 9 100 ohm
resistances arranged ms shown in figure 2B- These resistances ars likewlss Elsc-
trad Travolt type B. These resistances were employed because accurate adjustment
of each resistor is possible by sliding one of the end contamcts. The inductance
of thess resistances is pufficlently low to permit their use at 1000 cycles, the
frequency applied to the bridge. The method of deternining resistance will be
discussed later.

Reslstor BZ is a fized 1000 chm resistance. B4 is o duplicate of
BZ. The rhoostat RS is 12 ohme ,capable of carrying 2 amperes. In order to com-
trol the -39 type of tube requiring Z.3 volts at the filsment terminals, the
fcurtce of filament voltage is reduced to 4 volts. RE is the multiplier resis-
tance for voltmeter V and is of 14,880 olms, snd incresses the range of the
voltaeter to 248 wolts, multiplying sach division 31 times. If desired, this
voltmeter may be replaced with a regular double scale instrument which will elim-
inate the need for BE. BT is the shunt for ths 10 mil plate current meter. The
resistance of this meter is 8.5 ohms, and the shuni for any desired range is
esasily computed. in external shunt equal to the internal resistance of the me-
ter, doubles the meter scale:. This is explained in a subsequent chapter. 5B
and 86 govern the position of the voltmeter mnd the millismmeter. 53 and 54 are
employed when the bridge is utilired to teet for slectronic emission. The cur-
rent capacity of MA and its associated shunt BT, must be of & walus which will
permit the utility of the combination when testing for electronic emission.

Switch 51 comtrols the position of the grid biss battery,

During elsctron emiseion tests, the C battery and hesadset are cut of
the eircult, 52 remains in neutrsl position, 23 snd 54 are closed. For amplifi-
catlon constant measurements, m signal prefersbly of 1000 cycles from soms sort
of an oscillator; is fed to the terminals AD and AC 1. 52 key is down which
causes the movable contacts to shift upwards. 51 key is likewise in the dowm
position. 53 and S4 are opem. Tith this arrangement 21 and B2 are in the cir-
cult and B2 is varied until the sound in the phones is minimum. The mu of the
tube being tested, im now squal to R2/R1, that is, the setting of E? for mind-
mum sound. Plate impsdance i measursd by resetting 52 into the"up"position.
B2 remaine as before. R4 is now varied until the sound in the headset is mini-
mm: The plate impedance is equal to the setting of RB& x 100.

With 51 down, 82 down, 52 open and 54 open, smplification con-
stant is

"mu® & R2/R1. (With 82 up plate impedsnce is ) Rp = Bé x 100
Eutual conductance On = my/Rp



A General Dtility Tube Tester

due wiring disgrem illustrated in figure 3 is that of a general utility
tube teater suitable for all operating tests of wll types of tubes including the
shield grid and rectifying tubes other than the gaselous rectifier. The deeign of
the illustretion is such that the tube test may be made with a local scurce of fil-
ament, plate end grid potential, AC or D or by means of a plug insert operated in
conjunction with & receiver. Under theee conditions, the varicus indicating instru-
ments =ay be employed to memsure receiver voltages. As is evident in the wiring
dimgrem. a B veltage contrelled resistance is provided to be used in conjunction
with an external B supply, thus saking the system portable. The ilament supply
for portable use i not shown and if desired, may be o filsment traneformer with
the proper taps. For oporation with a receiver, the leads from the plug insert
are connected to the five bindings posis, C,F,C,F and P. The indicating instru-
ments illustrated, are of Teston menufacture, Me bedng a type 301 DT O to 20
millismmeter. The AC volimeter is a model 476 three cenle instrument. The DC
voltmeter is in reality a O to 2 301 IC milliemmeter operated in conjunction
with serles resistances.

4 The four prong sccket is aatisfactory for all 4 prong tubes ineluding
Tilament rectifiers. The § prong tube socket la uwtilized for the & prong cathode
type AC tubse. The switch 57 adjusts the system for use with separate filament apd
plate supply or a plug insert for recelver power supply. Poeition D is utilized
for the former condition and position U for the latier. Asguming separate fila-
ment and plate supply, olectromic emission is detercired by setiing B4 to A, 53
apen and 5% closed and 56 closed if the plate current ie in excess of 20 millism-
peres. The position of 84 governs the measurement of electronic emission for fil-
anemt type full wawve rectifiers. With 53 open and 59 closed, alternating the posi-
ticem of 54 between points A and B, connects the plate voltage to either one of the
anodes within the tube. The position of 36 governs the connection of the NC volt-
moter, positlon 1 indicating DC filament potential mnd position 3 plate potential
at the element. When testing for elecironic emiseion, 51 and 52 remain open. If
AD filsment voltage is applied, 58 is set to either A or B to indicate applied AC
filament potential.

For all plate current teets 59 is open and 24 set to positlon A.

This arrengement is wiiliszed for all tubes other than the shield grid. 51 re-
mains open and 52 controls the pelarity of the C biss applied during the test.
This switch is manipulsted for the grid ewing test. Then testing shield grid
tubes, 53 is oot to position B, the clip connected and the B plua 45 potential
is spplied. The "D" poeition of 57 commects the grid retumn to the B minus. For
all external tube tests of 5 promg cethode type tubes, the cethods is connected
to B minus-

Wien testing with a plug ineert, in order to wtilize s receiver
power supply, 8T is set to the "U" position and the B voltage control resistance
B is short circuited by menipalating the movabls lever. 52 is opened and 51
closed. BZ is set Lo position A and 54 1n likewlss set to position A. 59 re-
maine open: TWhen a 5 prong insert is utilired to test 5 prong onthods type tubes,
the cathode is discormected, from the tester B minus by pressing button 810. With
El open, 52 may be manipulated to show the effect of sdditienal grid blas.
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Bwiteh 36 comtrols the position of REl, the shunt resistance which in-
creases the range of MA to 200 millismperes. The internal resistance of this
meter 1o 1.6 olms and the ohmic walus of the shunt R1, is .111 olm: A8 we men=
tioped wvoltmeter ¥V is & millismmeter cperated with series resistances. B2 is &
reeintance {Truvolt) of 260,000 chms, consisting of two 100,000 chm reslstances
and one 25,000 ohm resistence. The meter and this resistunce comstituts a poten-
tial messuring arrengement (DO) with a maximum of 500 wolta. Esch tenth of 1
millismpere is equal to £5.0 volts. H3I is a Truvolt 6OOO ohm reslstance type B
ard when operated in comjumction with the meter permits maximun eperating range
of 10 volts DO. Resistance R4 1s the ssme. The 3 binding poats are associated
with the DC veltmetsr and points 2 and 3 of 36. These bindng posts permit ex-
ternal use of the veltmeter, Similar binding posts are provided for the milli-
ameter UL and the AC voltmeter. The resistance B is a 10,000 shm Truvelt type
T100. The condemser C is 1 mfd.

This unit i illustrated in greater detail in the last chapter de-
voted to a service station test bench. If desired, this unmit may be employed to
test the smplifying propertiss of various types of tubes. External filmment and
plate supply are used. BSwitch 57 remains open. S1 is open and 52 is arranged
for & negative bias. The AC input is connected across terminals 0 and minus F
if it is @ 4 prong tube, and scross G and C 4f it 18 & 5 prong tube. A separate
load ia conmected betwesn the mimus B terminal and minus F or O, depending upon
the type of tubs under cbesrvation. 84 is opened and an output ayetem similar to
that shown in figure 13 is commected mcross points A and X, associated with 54
and the output indication moted for warious walues of input.

Switch polnts 2 and & of 36 make avallabls woltmeter ¥V for external
measurements of voltages between O and 10 and O and 500. The value of the grid
bias is governed by the conditicms of test. A potential of 1.5 volts in suffic—
ient for the grid swing test. If desired, this system may be utilized as a qual-
itative wvacuum tube voltmeter when messuring large values of AD Toltags, by arr-
anglng the system for normal plate current measurement, removing the sutpet indi-
eating eywiem, applying sufficient C blas to reduce the plate curremt to approxi-
mately O and operating under conditions similar to the snplifying test.

The wiring diagram of the system in illustrated on the following pRge-




Fage GA

B+ 45

Far Shield :
Grid Tubts Eleetrone .
Emiisian M Rectifying Tabeg

.i#:_i —
A
aF) | i "
£ 0-20
A @D I
v w Rzg A L
Hegh Riuge
Shunt
o-100 M4
¢ -} i“#fd‘fﬂf
R CanTrel
R3 , Fesutoncd
- b A i .
tio AN o :
+ Soon - M u d -
o} Exieraal
— “g‘r_:_:ﬁ j}"‘"f?
A 1 oLy
—L' Prégi for
slfw’i.:: Tf:f
15 AL
a h— 1 '_i:f_a__
H . 1
+ o M~ &
o 9 = ‘r
¢ F L F P
Flge 3

Tiring diagras of General Tillliiy Tube Tester



Page T

An AC=DC Receiver Tester

A rocelver teeter hes several functions, the most important of which
is cireult comtimuity. Albeit the importance of applied voltages, voltage and
eurrent imications are neverthelsss secondary. It is true that applied voltages
fovern recelver operation, but we cannot overlook the faet that voltage indlca-
tioms are posaible omly, if and when , circult continuity is complets.

Tha Weston
Hodel 537 AC-DC
Recolver Toster

A voltage indicatlon upen emy one insirument in & recelver tester, slg-
nifies first, circuit conmtinulty, sines lack of continuity prohibits voltage indica—
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tiom. The success of a recelver tester is based upon the knowledge posssssed by
the service man. Correct interpretation of meter readings is poseibls only under
one condition; kmowledge of the correct operating charscteristics and requirements.
This necessitates m thorough comprehonsion of the components constituting a receiv-
or a8 indicated upon the receiver wiring disgrem. The correct interpration of
phencmens ssscclated with the parts of a receiver, is imperative. The service man
must nesds knmow that the voltages at the tube slements are less than the voltages
at the sources of potentisl, due to the voltage drops aleng the oircuit. He like-
wise, must know the possible and the probable causes , depending upon existing
conditicns, for such phenomena as insufflcisnt plate current, excessive plate cur-
rept, insufficlent plate voliage, excessive plate veltage, insufflcient grid wolt-
age, excessive grid voltage and insufficient or excessive filament voltape. It is
unforfunste that opace does not permit a full diseussion of what the eervice man
should know. This data ie the subject for another book written by this author

&nd entitled "The Service Man's Mamual.

The receiver tester successfully utilired by the writer is & Weston

medel 537 showmn photographically on page 7 and schematically in figure 4 on page

+ Strenge to say the writer preferred the purchase of an irstrumemt of this type
rather than the constructicn of a portable device of this kind. The reasons are
mmerous. First, compactness. Second, emse of operation. Third, efficiency and
fourth, economy......0ns of the requisites of portsble squipment ism that it be
compact and sn AC-DC set tester which is slso a tube tester, i Aifficult to con-
struct when space is definitely limited. Conventional resistances eveilable as
multiplier reslstances or shunt resistences do not lend themsslves to the construe-
tien of puch o device when the space is limited, mince the purchaser of these re-
sistances camnot epecify the physical dimensions required. He must btuy what he
can or is aveileble. Since wire wound resistances are preferred, high resistance
units for use as multipliers are usually of nome size unsuited for euch work.

With o definite spoce limitation, multiplicity of switches is unsat-
iefactory and & single control effords greater sass of operetion. The purchese
of ppecial resistances as multipliers or shumts, with reepect to physical dimen-
eicn, in order that the unit it within a certein space, inersmses the cost in
sddition to the sctual comstructional labor involved, to & figure in excess of
the cost of the finished product, henmce the finished product is prefersble in
thie instence. The utility of the device shown is not only that of an AC-DC aet
teater but it is also & tube tester and the equivelent of pine individusl matars .

Bearing in =ind however, that a home constructed device of this type
is satisfactory for the service statlon, where space i not of such Ereat impor-
tance, we show the electrieal comstants of m similar teeter in the chapter deve-
ted to & test bench for the service station.

With respect to the receiver tester illustrated, we can truthfully
say that it Malfills every requisite of o set tester. The cornections mssocim-
ted with the plug inserts are shown in figure 4d.
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Counter Tube Checker

hn item of general wtility is & counter tubs checker whereby all *vpes
of tubss may be tested. Buch an instrument is the Weston #8633 Counter Tube Chec-
kar: This chescker operatos directly from the regular AC 60 eycle lighting eir-
cuit and is so desipgned that the circult may have any voltage betwesn 90 and 130
volta-

Teaton Model 53T Counter Tube Chockar

The unit as shown testa the following tubes, 226, 227, 199, 120, 2014,
1124, 1T1A, 240, 210, 250, 213, 280, 216, 281, Kellog end screen grid tubea. The
UV 199 and UV 201A tubes can be tested with peparate adoptors: The design of the
unit permits ite operation at AC potentisls obtalned directly from the power cir-
cult, thus eliminating all batteries. The unit 48 suitable for plate current de-
terninations of nll tubes and "grid swing® test. An ides of the comdition of the
tube is obtained by noting the plate currenmt variation during this test. The ex-
ternal binding posta are utilired when testing screen grid tubes and "top heater”
Kellog tubsss This form of test iz eimple and effective.

Filament and plate wvoltagee are AC, being obtained from the power
circuit- A& calibrated rheostat and indicating instrument expedite filsment wolt-
age adjustment removing all need for celoulation. The plate curremt is indicated
on & double renge NC 20-50 millismmeter. This indication is procured by means of
the rectifying property of the vacuum tube. Plate readings are corpared with stan-
dard readings furnished on an instruction card.



Eliminator Teaters

B sliminators are frequent scurces of trouble and require servicing.
Unfortunately, however, manufactured B eliminators do not provide a8y accessi-
bility, hence the service man is frequently obliged to use his cwn ingsmuity to
reach certain parts of the sliminator wnit. Since most of the P sliminaters
utilize gaseous or filament type of rectifier tubes, it will be best if we con-
cerm cureslves with testing squipment wuitsbls for these units. Tha drawing
shown below in figure § 1llustrates a
sywiem whersby all AC voltages in B elim- B
instors of the above types, may be de- o
ternined. The tester utilizes two AD
voltmeters, ons for indicating the app- Y.
lied AC filsment voltage (filsment type
rectifier tube) and the other for indice—
ting the spplied AC plate potemtials for
all types of rectifiers. Jacks are arran-

ged across the warlous circuits and the G i Ta+€
voltmeters are plugged in as reguired. #ﬁnn!
insort
These voltmeters meed not be Fig- &

parts of the testsr. Instrments smploy-
od with other testsrs may be connected to pluge and inmerted into the jackes pro-
vided. The method of testing calls for the insertion of the four prong insert
into the B eliminator socket and insertion of the wvarlous voltmeters o resd
availabls voltages. The elisinator rectifying tube is mot utilised, since this
tube is tested on some other device. One arrangement mmploying the filament
type of rectifier tube (half wave) cannot be tested with this system and this
is the arrangement wherein one snd of the plate winding conmecis to the centar
iap of the filmment winding and the other end of the plate winding is "positive”.
The seme plug insert is sultable for all rectifier tube sockets, that is, for
the used with filement rectifiers and for the type used with EBBSOUS Tec-
tifiers such as the Eaytheon and QRE. The plug insert is shifted from ons Boc-
ket to the other whenm testing two tubs full wave £ilament type B eliminators.
Raf

erring to the sbove illustration, all the jacks are eingls open

tircuit and the designations are ms follows: 1 amd 2 are used to messurs the
voltage applied to the enodes of the gasecus rectifier tubes. 3 is
ring the filmment voltage of filsment type rectifiers. & im

the voltags for half wave rectifiers, such as ths

used when measuring the AC voltages applied to
1 wave rectifler such s the 280 or the 213.

minus terminal of the sliminators um.m-murhquppdu
furnish C bias wvoltages, this B minus comnsction should be made to the most nega-
tive C bias terminal.

The high renge AC voltmeter should be capsble of indicating a poten=
tial of at least TE0 volts wd the jacks and plugs employed should be capabls
of withstanding this potential. The elimimator input potemiisl should be'ofr”
wher voltmeter plug ls inserted.
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A Signal Cenerator for Recelver Testing

Interest has been displayed in & signal generator suitable for recelver
testings wherein a variable audis frequency iz employed to modulsts a locally
generated radio frequency carrier, the modulsted carrier being then fed into the
receiver via a dummy or phantom sntenna. The frequency spscirum of the radie
frequency generator is variable: See figure 4.

R

E 1uma v & i,

Fig« 6

The slectrical constants are shown in the fllustration. The wawe form
of the sudie output is poverned by the setting of R and its adjustment should be
euch that the tube is just beyond the oscdllation point. The sudis cutput is
governed by the setting of the potentiometer P- This adjustiment in econjunctiom
with the coupling between L and L1 will govern medulstion, mnd the coupling be-
tween L and Ll will likewise gowern the intensity of the modulsted cutput from
the mixer tube: The sudic frequency value is governmed by the capacity C and
the rodic frefuency by the Ll Cl circult.

Ihe duncy entenna shown copsiets of an inductance L2, & varisble ce-
pacity C2 and a B0 chm rhecstst El. The inductance combination, L, L1 and 14
is & Silver Marshall type 1104 with L ms the sdjustsble rotor. L2 and L3 mre
the coils in a eimilar unit, with L2 the adjusteble rotor. The value of CZ and
Rl is adjusted to simulate the approximate constants of an antemna systmm. The
writer suggests, if a permanent installation is made, that the filament and
plate eircuite should be equipped with meters and a meter inserted into the
grid eircuit to indicate cperaticn of the cscillator (radic frequemcy) « The in-
serticn of this meter mekes poeesible the use of this cecllletor as & tube tester
to detemine sase of cecillatiom.

This eignal generating circuit was oripinally shown in the J :
1926 imsue of Radic. The 50,000 ohm resistance and the 10,000 cha pﬁtanuuuzar
employed by the writer, were Truvolts, type BG00 end TS500 respectively. The fila-
ment and plate voltmeter should be a deuble range, O to 8-260 wolts NC instrument
and the redio frequency metsr, a thermo couple 100 milliampere galwanometer.




Bection 3. Oaeillators

Eadio frequency and sudis frequency oscillators utilized as local
sourcea of aignals necessary when testing radiec receivers, constitute essential
servicing equipment. In figure T is illustrated a self modulating radic frequen-
ey cocillater suitable for statlonary and portable work wherever a redic frequen-
ey signal or & radic frequency oignal medulated st an audio frequency, is neces-
BATY:

The cecillator is of conventional design, utilizing a 199 tube dry
cell A supply and a single 45 volt B battery .- As indicated in the wiring dia-
gram, the entire unit is within a shielded compartment, the shield being open
at the coll so that ensrgy cen be radisted from the coll. The switch 8W 1 con-
trols the gemerution of a pure radio frequency
signal or a modulated radic frequency signal.
Then in pesitiom A, the ocutput is modulated
radie frequency, the modulsting frequency be- LLE
ing controlled by the wvalus of the grid leak
G L. Then 5¥ 1 is at positdon B, the cutput
is pure HF. A grid lesk of spproximately &
megohms will produce a modulated frequency
of approximately BOO cycles, this frecusncy
being quite satisfectory fer comnventional |
testing work and particularly when the ca- T
cillator is used as & local source of aig- Plg. 7
nals during the process of sdjusting the
neutralizing condensers in o receiver. The frequency is controlled bw meams of
the L C circuit: For the broadoast band L is en inductance of approximately 176
microhenrys and C is & varisble capacity of .OCOS mfd. L 1 is the tickler coil.
L1lond L2 are wound on the same form with 1/8" separation. L is 50 turus of
#28 D.8.Cs wire and L 1 is 36 turns of #22 D.53.C. wire wound on & form 5" in
dismeter. C 1 is & 00025 mfd condemser. 5W 2 &= & conventional filament bat=-
tory switch. € 2 is a 1 mfd condemser rated at 200 wvolis DC.

sSee page 33. .

£2

————— e

Beat Hote Audio Oecillator

A beat note smudic cecillator is shown in figure 8 . This Bystem
is sdaptable to the generaticm of AF snd RF slgnals) the principls of operation
being the production of a beat signal betwsen two radic frequency oscillators,
one being varlsble and the other constant st a predetermined frequency- Two
separate radic frequency cacillators are smployed and by means of inductive
coupling between the detector tubes and the cscillator tubes, the tendency to
pull together at the lower mudic frequencies, is greatly minimized. By further
utilizing logse coupling between the coupled circuits, a fairly constant out-
put indeperdent of frequency is assured. Whils this system is sultable for the
goneration of radic frequency signals, it functions best as & gemerator of sudio
Frequency signals. TWhen so ueed, the constant oscillator is tuned to 200,000
cycles and the wariable cecillator is tuned to frequencies betwsen 190,000 and

200,000 cycles, thus producing & beat from 0 to 10,000 cycless




The practical opersting band does not actually extend to the serc beat
but is limited to approximately 40 cycles which value is sufficlently low for
every day work. Experiments have shown a sign wave ocutput for all frequencies
sbove 60 cycles and & small harmonic component between 30 mnd 60 cycles. This
oscillator is satisfactory for use wherever an sudio oscillstor is required snd
a8 & matter of fact, satisfactory results have been obitained when the frequency

differerce was as high as
50,000 cycles- The calibra-
tion of this ocscillater will
be discussed later in the texi.
Filament and B potemtiale should
be naintained constant during
oparation and the same is true
if constant calibration is de-
sired: Reference to the B plus
46 terminal as the cutpul term-
irel, signifies that this connec-
tion poes to the plate terminal
of whatever coupling device is

c B+ being employed. The 46 wolt
Ri S0 plate potemtial is then applied
el o to the battery termizal of this
ITF] 11-.—_ coupling devies.
RFC f
DRFEERNT: The values of the compo-
Fig- 8 nents shown are as follows;

L B0 turms #24 D.C.Cs wire on
" form« L 1 - 48 turms of £24 DCC wire on same form adjecent to L with 1/8"
separstion with L 1 st grid emd of L. 12 A turne of {26 DOC wire on seme form
near filament emd of L with 1/4" separaticn. € 1 .00CZ6 mfd grid condemser. R
2 mog grid leak. R 1 6 meg grid lsak. C .00l mfd Cized condenser. C 2 .0026
afd fixed condenser. C 3 0026 mfd fixed condenser. C 4 .00l mfd wearisble com-
denser with fine vernler adjustment: This condenser may be shunted with a .
Q00026 mi'd wvernler condenser: R F € 865 milhenry choke: Automatic filement con-
trol devices are utilized.

e = — ==
The Cathods Ray Oscillograph Tube

There is avalilable for the scientific service station a piece of lab-
oratory equipment which in its scops of operation and field of utility is with-
out & peer. This unit is the cathode ray cecillograph tube, 2240, a by product
of the Bell Telephone Laboratories of the Western Electric Co. The following is
an excerpt from a description of this tube and its cperation by the writer in
Eadic Englneering, October, 1927 issus.

Before we enter into the field of operstion of this marvelous labor-
atory unlt, let us devole a few minutes to the tube itself, to its construction-
al details. The cathode ray oseillograph tube, ms shown in figure 3 is a pear
shaped bulb, with the active mstal slements contained in the narrow neck of the
bulb end the flucrescent screen iz located on the wide part of the bulb. This
fluorescent screen is spread over the irmer surface of the bulb. The active
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elements within Lhe tube conpist of & fllament, the source of the electronic beam,
a metal shield, a pletinun sleewve, two sets of non-magnetic deflecting plates, a
emall smount of argen grs and the fluorescent screem. The cathode or filsment
and the shield are located in a small bottle shaped glase tube, fitted in the
neck of which is the platinum tube, functioning as the anode, and through which
the electronic eiream is projected so as to pass between the deflecting plates.

DEFLECTING Q I
PLETES wor=="""T

- BCREEN
ANODE-» S
—
CATHODE--}_____
AMMETER-|___
i
2y OHME |
RMEQ, | .-
T OHME ]
1] &Y CATHOOE BATT

POTENTIALS
5 - UnDER e}
s OBSERVATION
1 MEG. 21

Fig- 9 Plg. 10

Mter leaving the cathode or filameni and passing through the tubu-
lar arcde, the electronic stream passes between two pairs of non-magnetic deflec—
tor platess These plates are rigldly fixed to the inner glass tube and are ar-
ranged in parallel pairs, the two pairs being et right angles io esach other: See
fipure 8 . Ome plate of each pair is connected to the anode, and is therefore
muintained at o potential governed by the potential of the snode. The other plate
of sach pair is arrenged for conmection Lo ocne of the potentials to be cheerved.

The function of the argon gas within the tube is to focus the elec—
tronic stresm. Without this gas the beem would spresd ocut and be uselese for oh-
servatlon work.: In additiom, it increasss the semsitivity of the tube, by obvia-
ting the use of a very high potential, ctherwise necessary for the focusing of the
beam. Tith the high potential the tube losee sensitivity.




The wiring diagram of the tube and ita assoclated operating equip=ent
is shown in figure 10 . The armeter iz & Weston 301A O to 2 DO and the meter MA
iz a Weston 301 DC O to 6 millismmeter- The 2000 chm resistance in the encde
circuit 18 & B 20Truvelt . The application of the tube for frequency comparisons
iz shewn in figure 11 cscillator 51 being the cscillator to be ealibratsd snd o8-
eillator #2, sny other mudio cscillator with a known frequemcy- The amplitude
changem are gimply capacity-potentiometer cutput systems.

0SCILLATOR *:i.r"

Very mccurate fre-
quency comparisens may be
made with the cathode ray
escillograph tube. This
should be of interest to
people who have ocoasion
to work with sudie frequen-
cy ogcillators. In opera-
tion, one source of alter-
nating woltage is connec-

Fag: 11 ted to one sot of plates
and the other source of alternating voltage is connected to the other set of plates,
to the terminals 1 and 2 and 3 and 4. If the 2 alternating voltages bear scme sim-
ple ratio in frequency, the pattern upon the screen will appear statlonary inm tha
forn of & Lissajous figure. Then making frequency comparisons, ome source of al=
ternating potential is of n lmown frequency. The method of arranging en oudio co-
eillator to be calibrated againat a known frequency of say 1000 cycles or 60 oy-
clea, is shown in figure 1) « The 60 or 1000 cycle note should be of sine wave
ferm: [z amplitude

changers are necessary 1
only in case the appliec
potential ceusee an im-
age which spreads beyond

the limits of the scresm. G-
Getting back to the

audio oseillater to be
celibrated, we are Nlﬂd’
for calibration work- g
us assume that a known rm—
quency of 1000 cycles from .0-
ri;- 12 - .

AMPLITUDE
CHAMGER °

b |

OSCILLATOR - £
NE. 2 sty

a separate hummer type of

oscillator, i applisd to

one set of plates. An om=-

cillator of this type should be found in every service laboratory. AR approximate
setiing of the unknown oscillator ic made at 200 cycles and close adjustment ia
carried on until a stationary image similar to that of figare 12 A or B is obesr-
vod: The ratlo of the twe frequencies can be determined when the patiern is sta-
tionary by drawing twoe straight lines tangent to two adjoining sides of the Tigure
as in figure 12 C. The ratlo of the mmber of points at which these lines are tan-
gent to the peaks of the loope on the two sidee, is the frequency ratio of the two
voliages.

Apparently figures 12 A and B denote a 2 to 1 ratio and the setting
of the oscillator {unknown) is such as to produce m 2000 cycle note. In such cali-
bration work, it 18 necessary to know the direction of the besm as viewed upon the
screen for individuanl potentials applied to the two sets of plates: Figure 12C
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denotes & 1 to 4 or a 4 %o 1 ratie, depending upon the position of the respective

owing ecreen. If figure 12 A indicates a 2 to 1 ratio, fig-
atio where the frequency of the unknown source is one-

2r
half the frequency of the known source. This conditicn is cbtained by adjusting
the unkmown sscillator to produce a frequency less than that of the Mmown. By
the smme token, figuree Eend F indicate o 1 to S or 3 to land m 1 %0 5 or & §
to 1 ratio respectively.

The full scops of operation of this tube cannot be demeribed in thess

but we can assure any cne interssted, that the tubs will socm sarn its cost.
muit directions for cpermtion are given in the bulletin accompanying sach tubes
Fortunately, the price of this tube is within resson. An ides of what work may be
performed with tha tube, is as follows:

1s
2.
3

4

5.
B
Ts
8.
9.
10.
11.
12.

13.

Measurement of waveform of alternating currents.
Measurement of phase relations of altemeting currents.
Btudy of current to woltage relations in electrical apparatus .

Characteristics and properties of electrical oscillatienm genarators .
{vacuum tubes).

Hensurement of corema effecte along electrical lines.

Detection and memsurement of atmospheric static.

Accurate frequency comparisms.

Measurement of dielectric constant.

Messurement of power factor, dielectric phrength.

Usnsurement of inductance and ceapasity.

Measurement of the amplifying powers of mmplifisare.

Moasurement of the amplifying pewsr of tubes, tranoformers, etc.
Measurement of the amplifying characteristics of all coupling unita.
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Boction 4. Indicating Systems

Judging the eignal cutput of a receiver under test by listening to the
signal is very unreliable becsuse of the gradual diminuation of surml sensitivi-
ty after a certanin perlcd of strain. Furthermore, the responeivity of the ear
varles with frequency. Consequently, definite indicating instruments must be
used. A eimple arrangsment suiteble for indicating receiver signal output is
shown in figure 13 . The transformer shown ia coupled to the output of the re-
ceiver, the crystal, carborundum, rectifies the signal in the traneformer secon-—
dary se that the current flow through the meter MA is uni-directional and conse-

quently will produce a deflection
e Set upen the meters The millismmeter
has & range of from O to 6 milli-

| amperes. Its range can be in-
L5 creased in the event that the pig-
nal deflection extends beyond the
—I MA  seale. The means employed to sx-

tend the operating scals and ran-
gen of meters, will be discussed
Fig. 1% in a subsequent section.

Sinee it is customary to
test receivers with a constant unfluctusting signal with one modulating frequency,
the indicetion on MA will be steady while the signal is being fed into the recelv-
[} o]

A system of determining relative degress of efficlency of the entire
eystem proceding the mudio amplifier,*is shown below. The diagram below 11lustra-
e a double rectifying system. One tube
functions a8 the sscond detsctar in the
superhetorodyme. This is the regular
sescond detector with one change in ite
plate circuit. Whereas.ite plete is nor-
molly connected to the plate terminal of
the firet sudis coupling unit, this sys-
tem provides for the incorporetion of an
intermediate frequency tranaformer in
sarise with the plate of the detector
tube and the plate terminal of the first

sudio coupling unit. The pesk frequemey Ses g 2

of this intermediste transformer should

be variable in order to permit ite application to all superhetercdynes. The other
rectifying tube i¢ utdlized s & vacuum tube voltmeter o indicate the intenadty
of the redic frequency component in the plate circuit of the detector tube.

The EF compenent passes through the primary of the intermediste trans-
former and is bypassed mcross the mudic frequency trensformer primary. An BF woli—
age ie therefore induced im the secondary of the intermediate and the voliage avail-
sbe is impreseed across the grid filsment circuit of the rectifier. This voltage
actuates the galvancmeter in the plate elreuit of the rectifying tube. Since the
BF compenent is wsually steady, the modulsting component present in the plate cir-
cult of the second detector tube, doss not effect the rectifier tube plate circuit.

* This syetem pertains to superhetercdynos .




The galvenomoter in the plate circult indicates a small value of DO
plate current without a elgnal input, and the deflection on the meter increasss
when o simel is applied. The greater the magnitude of the signal applied to
the second detector, the groater the magnituds of the FF compement passing through
the intermediste transforser primary in the plate circuit of the sscond detector
tube end the greater the voltage merose the grid filement circult of the rectifi-
er tube voltmeter. This in turn,incresses the deflection om the galvanometer.

The conetents shown in the system are employed by the writer and galvencmeter 0
in & Weston model 1 0O to 1 milliampere, portable DO instrument with en intern-
al resistence of 210 ohma.

The grid bles for the rectifying tube is obtained by comnmecting the
grid return to the negative battery terminal or filsment lead end by adjustment
of the rhecatat B+ The plets potential for the tubs iz chtained by connecting
to the positive filmment lead and the rhecstat B is adjusted until the normal
plate current without signal input, indicated om @, is epproximately 10 or 20
micrcemperes. The plate potential for the second detector, is applied in the
normal manner through the transfornsr primaries -

Bt T L LT T T

Tube Voltmeters

The wacuum tube voltmeter beceuse of ite versatility, finds extensive
utility in the service man's workshop. In direct contrast to the erystal-milli-
amreter indlcating system shown earlier in this section, the vacuum tubs voltmeter
finds application s & signal indiceting medium or messuring deviee in all parts
of the receiver. The tube voltmeter does just what its name implies. It employs
& vacuum tube to messure voltage by utilirzing the tube as & detector and the in- |
crease in plate current as an indiecation of the voltage being epplied fo the grid. |

Vaouum tube voltmeters are of different types, but spase doea not
permit & detailed discussicn of all available tube voltmeter systems. A siaple
tube voltmeter suitable for qualitative work such ss the messurement of moderate |
valuss of AC voltage svailable in sudio frequency systems or the output from mudis {
frequency cscillators, is shewn im figure 15 - This arrengement utilizes a direct
comparison potential in the form of & C battery which is used to balance out the
effect of the applied AC. When the balance has been obtained, the C bias neces-
asry to arrive at this state, can be considered as being squal to the mpplied AC
potentinl. The average service laboratory is more interssted irm an actusl compar-
iecn rethor than quantitative messurements and sxtreme sccuracy is thersfore unneces-
gary: The operation of the tube voltmeter shown, is based wpon the following prin—
ciple.

Operation at the lower end of the grid voltage plate current char-
acteristiec of a three element vacuum tube makes the tube function ms a rectifier,
wherein the negative half' of the applied AC cycle has negligible effect upon the
plate current, but the pesitive half of this cycle ceuses a definite incremss.
By proper calibration, plate current increase can be interpreted in applisd AC
input potentisl. Furthermers, an additionsl negative bies when applied, can be
utilized to balance out the effect of ihe positive half of the incoming AC cycle.
Tith a ressorable degres of accurmcy, the valus of this sdditional biss iz eqgual
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to the applied AC potentisl. This type of tube voltmeter is shown below in rig-
ure 15 and 1s applicable wherever a continuous cireuit such a8 a choke or resis-
tance can be connected across the input of the tube voltmeter, providing a path
for the C bies. In other worde, this type of tube voltmeter is uwiliged to meas-
ure voltage ascross a structure which will pass direct current.

X

Fig. 16

The sbove instrument has been wtilized by the writer for the mens-
urement of amplifier power cutput end checking with precision instruments proved
the utility of the voltmeter for the measurement of input peak voltages betwesn
#0 volta. The plate current meter is a Westom 301 0 to 1.5 BC mi11i-
and the grid bies wvoltmeter was a Weeton model 45 double range 0 to 156-
to 150 volte DC-

e

Referring to the above illustration, we adjust the plete current
with teminals XX connected to whatever source is to be memsured, without ig-
nal input however, by connecting & and 51 and adjusting Cl and the poteniiometers
The current indication on the plate meter should be preferebly a few microsmperes,
say 5. The signal is then applied, 8 is changed to T and 2 ad justed until the
inoreassd deflection on the plats meter is again reduced to its original setiing.
The voltage indicated on VM can be considered as being equal to the enplied AOD.

A Fiper degres of grid blas control than that aveilabls in figure 15 is shown in
figure 16 by the addition of m separate 4 volt battery shunted by a potentiometer.
The C battery bank in this illustretion replaces C2. Ol remains intact.
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The Measurement of Inductance and Impedance

The measurement of inductance end impsdance is a rare cocurence in
the 1ife of the service man but the occaslon arises when such work must be car-
ried out in the service man's leborstory. The vacuum tube voltmeter finds ex-
tensire application. Mention must be mede at this time prior to the description
of the mensuring system, that e slight discrepancy iz present in the first arrange-
ment to be deecribed. Many experimenters during the process of impedance end in-
ductance measurementa of iron core inductances, have uwtilized the DO resistance
of the winding as the AD resistence or effective resistance of the iron core in-
ductance: This however, i incorrect elnce the effectiwe resistance 1ls oftimes
greater than the DC resistance and is a functien of the frequency applied and
the electrical characteristice of the iron core. Whils we do not agree with the
acceptance or use of the DC resistance a8 the effective resistance, we will apply
this basis of operation in thé [irsl arrangement.

W

The first errengement
for impedance measuremsnt of
s l, iron core chokes shown in
] iy | E] = figare 17 utilires two vacuum
WHED tube voltmeters. The funec-
- [ _+# = :jw' tien of these tubes afier cal-
i - fbration is to indicate bal-
o / T . ance rather then voltage ap-
i T LT plied, although the balance
' B0 condition is indicetive of
equal values of applied in-
T ‘i:]’g paut potential. These two
5 voltmoters contained in ocme
. housing, operete on the prin-
ciple previcusly described.

il Ihl wi
Fig« 17 d An idea of the egquip-
nent necessary can be gleansd
from the wiring diagrsm shown and if it will be of aid, the writer will mention the
units empleyed in his own device. V and V1 are standard QLA tubes. The rhecstat
is & 10 ohm unit. The bypess condensers are of 1 mf'd. each. MAL and MAZ are Wes-
ton 301 0 to 1.6 DC millismmeters. MAY is & Weston 301 O to 150 DC millissmeter.
The potentiometer is & 400 colm unit:. The varisble resistance sseocciated with the
terminal T of the upper D P D T ewitch,is & calibrated recistance box with a maxi-
mum resistance of 100,000 ochme. If posaible, this should be a decade box. If
constructed by the reader, it should be wariable in steps of 10 ohme and the reeie-
tances employed should be non-inductive.

8ince the impedance of ircn core chokes 1s wsually required at some
low value of frequency, say B0 or 60 eycles, the AC input should be 60 cycles. The
opsration of the complete unit, however, is mot limited to 60 cycles but the com-
paratively low walue of the balancing resistance R limits the use of the bridge
when the frequency is greater than &0 cycles for the measurement of inductances
of such walus that the impedance of the inductance is not greater than 100,000
ohms: With switches I and I in the E positlen, the potenticmeter and C blas veolt-
agee are adjusted soc that MAL ond MAZ resd alike snd the deflections on these me-

ters are approximately 5 or 10 microsmperss. If ¥V and V1 are alike, thie balance
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will be esasily attained. The C blas should be sufficlent to reduce the nomal
plate current to the value mentioned. FPrecautionary messures must be taken, by
applying & certain value of C bias before balancing in order to prevent bumout
of the two plate current meters since the normal plate current without C bias
is greater than the range of the instrument.

Heglecting for a moment the two chokes illustrated in the drawing,
let us imagine that only one is present, thus excluding the other choke, WAS
and the associated battery. The two D P D T switches are set to the T positlon
and the signel voltage applied. Since the characteristice of irem core induc-
tances wvary with the current through them, it is necessary that all measure-
ments be made with equal applied voltage. A voltage of 1 volt acrose the in-
ductance is customary. We thersfore, suggest that the voltage from the AD
source applied mcross the voltmeter be the minimum value necessary for opera-
tion of the eystem.

Assuming correct position of the two switches and the application of
the signal woltage, resistamnce B is varied until the two plate current meters
road alike, which state signifies that the voltage acrose the setting of B and
the choke being measured are alike, in which case the resietence setting of R
is equal to the impedmnce of the choke. TWith full recognition of the diserepan-
¢y, w8 will consider the DO resistance of the choke ap being squivalent to its
effactive resistence. We therefore, kmow two valuee, the impedance I and the
effective resistance Eff r- Since the impedance

I H;E + I'.L! where R is the effective resistence
Xy is the reactance, which in turn is equal
to 628 xf x L
the inductance £ is frequency applied
= R
La

B.28 =
at 60 cycles the wvalue of the inductance is
= B2

aTT

If ome ie not intereseted in the effective resistance, the above
arrangement is quite satisfactory, but if the above value is of interest and
elso the phase mngle, the system which will be described is preferred. As an
exsaple of the misleading information obtainable when the DO resistance is con-
sldered as the effective resietance, is the following. A plate coupling choks
of 204 henrys inductance measured at 60 cyeles had an impedence of 83,300 ohms
and a DO resistance of approximately 3098 chms, but ites effective resistance
was 31,300 ohms. Since the phase angle, indicative of efficiency of design, is
& function of the effective resistance and impedance, it i svident that the ac-
cepted method of measuremsnt is errcmecus and misleading.

Accepting the arrengesent shown, we will apply ths combination tube
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voltaeter to the messurement of iron core inductances with DC in the winding.
The method of measurement is the sane as described in the preceding parsgraph.
It is however, necessary to utilize two identical chokes when the impedance of
ons with DC through the winding is to be determined. The twe chokes are connec—
ted in perallel as shown and the battery tapped in the center supplies the DO
for the chokes: The meter indicates the curremt flow. By splitting the battery
as shown, DO voltage is not epplied to the grid of the tube voltmeter: It is im-
perative that the DO in the chokes be perfectly balanced in order to preclude
any effect therefrom upon V1. When balance of the entire unit is obtained, the
resistance setiing of B is equal to cne-half the impedance of the choke being
nsasured.

Ancther method of inductance messurement, applicable to iron core
chokes mnd incidentally preferred by the writer, is shown below in fipure 18 -
Thies system utilizes the rescnance principle and mekes use of the voltmeter for
the determination of resonance and also for the meararement of voltages which
will provide the effective resistance value of the choke in questionm-

ail

“

e i

Fig- 18

F is the plate of the cutput tube of an smplifier connected to an
audic oscillator or to a source of audio freguencys B is the plate coupling
reeistance for this output tube and replaces the normal choke employed. C is
the coupling capacity and is of 20 or 30 mfde. Riis a potentiometer with a
resistance wvalue of approximately 4000 chms when the cutput tube is a 2B50. The
opclllator and smplifier must be so arranged and operated that the signal across
Rl is of sine wave form or with minimm harmonics. The choke to be measured is
inserted inte the clrcult as showm. Cl is & decade condenser box with a capac-
ity range from .0O06 mfid to 2 mfd. BRZ is & fized non-inductive resistance of
2000 chms. A tube voltmeter is connected across pointe X mnd X1 and with o sig-
nal input into the teat clrouit, Cl is wvaried until the Cl L circuit is in res-
enance with the applisd frequency, in which case the tube woltmeter would indi-
cats maximem voliage. The setting of Rl should be such that the applied wvolt-
age is the minimum necessary o give o readable deflection on the tube volimeter.
Since the velus of capacity at redonance is knewn, the inductance of the choke
L is

= 25,281 where f is the frequency of the applied sipnal end
e C is the capacity setting of Cl at resonance.
x

If the applied frequency is 60 cycles, the remctance Xp of the choke
is 6.28 x 60 x L. The voltage across B2 is now measured with the tubs volimeter
and then the tube wolimeter connections are placed across points T and T1 and
the voltage again measured without disturbing the input or the resonance condi-
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tion. Tith a known voltage across X and X1 and a known resistance, it is easy to
calculate the current in the circult or through the resistance- Since the current
in & series circult in the same in all parts of the eireuit, the current through the
reelstance determined by dividing the measured voltage by the known resistance of
A2, is the current in all parts of the cirouit. At rescnance, resctance of the
choke is balanced by the reactance of the condenser . KEnowing the spplisd woltare
a8 meancured acroas ¥ and Y1 and lmowing the current through the eireuit, the app-
lied woltage divided by the current gives the total resistance, since reactance

is sbsent at resonance. The total resistonce minus that of R2 glves the effective

reclstence of L, becauss the effective resistance of Cl is neglipible.
----------- BEFEF e m e ———

Measuring Capacity

A unit for testing relatively small values of capacity such as small
bypass condensers and the sectlons of gang condensers is an important item in
every service station. This is particularly €rue when custom set Building lies
within the scope of the establishment. A unit suitable for determining discrep-
ancies in capacity and matching capscities pricr to their installation in = re-
celver, will be of great sid in the satisfectory comstruction of that receiver.
Figure 19 shows the design of & simple capacity bridge.

In order to carry out this type of work,

o mmber of standard capacities rmst be st hand,

which ehould be a calibrated vernler waria-
ble capacity with a maximm of 20 micromicrofarades
and & -00156 mfd calibrated variable condenser. Ad-
ditional fixed condensers of kmown capacity sheuld
also be available. A decade capacity box with a
rangs of from 001 mfd to 1 nfd will be found very
handy. Referring to the illustration R and El are
accurate 5000 ohm non-inductive reslstancea. The
AC supply is an osclllator gemerating an audic
frequency, preferably a 1000 cycle note. To check
an uninown capacity, the standard Cs is balsnced
ngainst the unknown condenser CX, until the sound
in the headset is minimum,; at which time the cap-
acity of the unlmown is egual to ths capacity set-
Pig: 19 ting of ths standard.

& small vernier of the value mentioned
above connected across the standard condenser, will greatly facilitate balasncing.
The transformer shown hes a primary impedance of approximately 200,000 chms at
the above frequency and a secondary impedsnce of approximatsly 20,000 ohms to
match the impedance of the headset, which incidentally is a Western Electric type
1002 €. Such transformers are avellable -
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A Reponance Indicatar

A method of determining diserepancies in rescnance settings of multi-
stage tuned radio frequsncy recelvers is doubtless of importance to the service
man. A elmple modulated redis frequency cscillater, Judiciously employed, will
function excellently in this reapect.
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Figares 20 .and 21 illustrate the cscillator and the radio frequeancy
rilon of & recelver reapectively. The oscillator is identical
that shown in figure 7 with the eoxception of a small coupling capaeity which
been added to provide coupling betwsen the oscillater and the various tuned
in the receiver. The oscillator is shielded and the flexible lead X pro-
rudes through the shield. The receiver to be tested is adfusted for resonance
with the cscillator mt some wave length fres from sxternal station interference.
This tuning is sccomplished by connscting X of the escillator 4o point T of the
receiver which is the serisl terminel: The lepd X from the vernier condenssr
€l is then removed from point ¥ and shifted to the plate commection of the Firet
radie frequency tubs. The receiver is again retuned to maximum rescnance and
the receiver tuning dial setting noted. Then the lead X is shifted to the plats
terminel of the subsequent radio frequency emplifying tube T2 and the procedurs
repeated. And o on, if thers are more otages of AF. If the oririnal broadnses
of tuning was dus to lack of rescnance, one of the stages will show o marked dif-
ference in setting for the seme input Trequency. A defect in coil constiruction
within the receiver will likewlse ghow broad tuning, when tuned to rescrance with
the oscillator

ﬂégsu
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IC Reslstance Weasureasnt

The ococasion frequently arises when the OO resistance of a unit is re-
quired. Resistance bridges Tind extensive application but their comstruction im
quite an intricate and sxpenaive problem. This is oo because of the difficulty
encountered when endeavoring to purchase upon the open market, the required nus-
ber of highly sccurate non-inductive, calibrated resistance units. The writer
hae in his laberatory mn erpensive DC resistance bridge in sddition to an impro-
vised Ohmmeter of great utdlity.

This Ohmmeter when calibrated will be found o be af great advantage
out in the field for the testing of units and for the determination af their re-
pistence. A small switchboard type of metar may ba employed for the portable
unit, snd a large portable type of instrument for the stationary unit in the ser-
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vies station. The Ohmmeter shown below consists of a portable =lllimmmeter op-
erated in conjunction with o 22.5 volt B battery block and en accurate 22,500 ohm
reelstance connected s indicated. The connecting leads X and X1 are twe rigld
prongs with metal tips. The handles are of bakelite and the comnscting wires
terninating in the two tips, pass through a hele in the bakelits hendls. When
the two tips are shorted, the meter in-

dicates a curremt of 1 aillismpere in R - -
the circuit. If we add o resistancs, by ¢
connecting this resistance across the A
two tips, the total resistames of the
clreuit will be increased and the cur-
X X

rent flow on the meter will consequent-

ly decreass. By properly calibrating Fig. 22

the meter indications with Jmovn values

of reslstance connected meroes the tips and by enploying Ohm's law, we can utilize
the meter deflection as the valus of resistance mcross the two tips. Then apeTa-
ting this device, the two tips are placed across the terminals of whatever device
is being tested. The moter employed by the writer is & Weston 501 O to 1 DO ail-
lismmeter and the calibrated resistance B is a Truvolt type B. The original re-
siztance wae of 25,000 ohms. One of the end terrinals was shifted until the re-
Quired resistance was obtained.

The utility of this device is such that an approximate valus of the re-
tlstanse being measured, is satisfactory, hemce the gradual decremss of the volt-
age rating does net greatly influsnce results, until the available voltage has de-
creased approximately 2 volts, at which time replacement is necessary.- The drain
however, i very small end & long period will elapse before the battery voltage
will decrease the above soount. Tue metsr-battery combinoticn nenticned above
is puitable for the determinaticn of resistance values es high as 4 megohn. If
calibration is impossible, a mimute of calculstion will reeult in the DC resis-
tance of the unit being measured. Lot us assume that the two tips tave been con-
ngcted across a device and the meter indicates .1 millimmpere or Q001  ampere.
Vhat is the resistance of the unit being tested. According to Ohm & law

B = E/I and substituting in the formula R = 22.5/.0001

The total resistance in the circuit is “herefore 228,070 chms. Trom this we
subtract the original resistance of 22,500 chms and tu: resistance of the unlmewn
is 202,507 ohma. Suppose ancther item is tested mnd the meter indicstes n cur-
rent flow of 00096 smpere or .95 millismpore. That is the resistance of the un-
imown? The total resistance in 23,604 chme. The uninewn resistonce 13 therefore
1,184 ohma. Another resistance is measured snd the curremt indicatlon is 22 mi-
crosmperes. The totel resistance is 1,022,500 ch=ms. The unknown resictance is
then equal to 1,000,000 chms.

The unit shown above functions excellently as a contimuity tester,
when apolied +o the testing of recelvers in conjunction with the regular roceiver
tester. The recelver tester im applied Tirst, followed by the sbowe vhen speelal
continuity testing is desired.
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Bpction 5 . Multirange Meters

The remainder of this trestise will deal with miltirange meters, that 1:
with meters equipped with external resistances to incresss the voltage scals and
with sxternal shunis to increase the current rangs. The readsr should remember
thet any cne of the meters described in this section cen be used to replace any
meters shown in wiring disgrems. By the sane token, any meter shown in o wiring
disgram can be equipped with the sxternal series resistances snd external shunts
&8s described herein, and the operating range extended as desired. External shunt
and series resistances =sy be connected to tipjacks with tip imeerts for changing
operating ranges .

Thile it is possible to equip cme current meter with & number of series
renistances and external shunts, we do not belleve that it is the best system,
gince the meter is still limited to one use at one time; consequently the resis-
tances and shunts do mot find practical uss. Te prafer to equip & millissmeter
with a number of series resistances so as to Elve it a number of operating ranges
88 o voltmeter. Incresased use as an ammeter is mnother item, and we prefer to
use another millismmeter equipped with » nunber of shunts. The situation fre-
quently arises when both high resding millimmmeters and high reading voltmeters
are required.....Separates instruments are prefersbls, o noe they expedite test-
ing in every way.

Lot us first comsider the conventional high resistance voltmeter. Tha
operating range of a volimeter can be incressed by the use of sn exrternal. If
the external resistor L= equal to the internal rezistance of the voltmetsr, the
operating scals of the meter is doubled. If the external resistance 1s squal to
three times the internal resistsnce of the volt-
moter, the scals is multiplisd four times. The
value of this external resistor is governsd by
the increased range desired and by the chms par
volt value of the volimeter and the totml resis-
tance of the instrument. The former or the lat-
ter valuss are usunlly quoted in the meter manu-
facturers' literature. If the ohms per volt E
value is guoted, the total internal resistance
ir equal to

Epv x maximum voltage deflection. Fig. 2%

For exsmple, a moter rated at 1000 ohms por volt, hes & maximm range
of 200 volte. The total internal resistance is therefors 1000 x 260 or 260,000
ohms. To iverease the metsr renge to 500 volts, it is necessary to add an exter-
nal resistor of 250,000 chma. The application of this arrengement is shown in
figure 23 -

If the ohms per wolt valus is unkmewn, it can be determined by moans of
the arrangement shown in figure 24 . The volimeter in series with s millissmeter
is comnected mcross a souree of potential. Kote the voltage indication and the
current drain. Divide the indicated voltage by the indicated current end the re-
sult can be considersd as the internal resistance of the vpltmeter. The millism-
meter WA eshould have a range of from O to 20 mils DC when testing the average DO
voltmeter. It is not mecessary that the voltmeter deflecticn be full scale: A
meter with o range of from 0 to 5 mils is satisfactory for testing voltmeters ra-

e




ted at more than 200 ohma per wolt.

This arrangement is illustrated in figare 24 . The internal resis-
tance of the battery and the intermal resistance of the millismmeter are suffic-
iently low to be classed as negligible.

}l,. If one is in & position where he
i can securs ascurate resistances capa-
ble of dissipating 1 watt, he can satis-
factorily improvise a high resistance
1 DO voltmeter by employing a 0 to 1 DO
millismmeter in conjunctiom with a num-
Flg. 24 ber of serles resistances. The prinei-
ple gpoverning the arrangement shown in
figare 26 is that a certain voltage i= required to couse a certain current flow
through & certain resistance. Ewvery current indicating meter posseeszes a certain
amount of resistance and a certain potemtial is necessary to cause the maxienr:
carrent flow indicated upon the meter scale
to flow through the internal resistancs of
the instrument. The writer has had coccasion
to cometruct several such units and one will
be coneldered as a concrete lllustratiom. A
Weston model 301 0 to 1 DC millismmeter with
an internal resistance of 27 chma, requires a
potential equal %o 001 x 2T or .027 volts for

full seals deflection. In othsr words, a DC E

voltage of 027 volts when applied to the me-

tor, will cause full ecals deflection of 001 Fig. 26 Fig« 25
smpors .

If we now place in series with this meter an external resistance of
finite value, it is logical that a greater potential will be necessary across the
meter-resistance combination to cause full scale deflecticn or a curremt flow of
«001 smpere. [nasmuch aa the voliage drop scross the instrument is very small,
we can consider it entirely negligible in all future calouloetions. By smploying
(hm's lew and bearing in mind that the meter has s full scale deflection of 1 mil-
snpers, we can calculats the value of the external resistance to permit the appli-
cation of any walue of potemtial. This formula is

E= ETI where

E ia the external serles resistance, E ia the potemtial to be applied or the
maximm potential and I is the full scals deflection of the meter. Uiilizing
the meter menticmed and applying the formula , we find that an external resis-
tance of 500,000 ohms will permit the appliestion of 500 wolts and will cause
full seale deflection. By the same token, an sxternal series reslstance of 1
million ohms will permit & maximum potentisl of 1000 volte. When selecting the
resistance, it 1s essential that its resistance remain constant when carrying
the full losd of 1 millisspers snd that the resistance be sccurate if the wolt-
ages are to be simple mmltiples of 1. The writer has found wire wound resis-
tances most suitable for this work and in this direction made use of Elactrad
Truvelt wire wound reciestances. Theee unite because of their construction, per—
mitted accurate adjustment of the external resistance so that the applied wolt-

ages wers even multiples of 1 and interpretable directly in meter deflectlons.




For exemple in figure 26 we show & multirsnge improvised high resis-
tance voltmeter operated in conjunction with three resistances B, Rl and EZ and
& shunt resistance RY. This shunt is equal to the intermnal resistance of the
meter thareby doubling ite current scale, making it a 2 mil meter and at the
same time, doubling the permissible voltege with each series resistance. In
other words, if with R3 open and Kl equal to 100,000 ohms, the maximum permissi-
ble voltage is 100 ohms, snd with Bl of 260,000 olme, it is 260 volts snd with
B2 of 500,000 ohma, it is BOD wolte, closing RS raises the permissible voltage
with R in the circuit to 200 wolta,with Rl to G600 welts and with RZ to 1000
volts: The fact that the drain has been ineressed to 2 mils whem the voltages
hawe besn doubled, ism of little conseguence since eliminstor output will vary
vary littls when the load is increased 1 mil.

Thile upon the subject of current meters, we might add that DC smme-
tars rated at from 6 to 100 amperes, can be made into millivoltmeters by remov-
ing the shumts. The millivelt walus of such instruments is uwsually obtainable
from the mapufecturer: Milliwolimeters can be improvised in the manner 1llus-
trated for high reslstance voltmeters. A multivoltmeter of the type memtloned
can be calibrated with & standard in the manner
shown in figure 27 . The standard voltmoter is
connected across a source of potemtial. The im-
provised msultiveltaster with its extermal resis- 4 -
tances Lp then connected across the standard - Ve
and the deflections compared. If desired, a
callbration curve similar to that showm below
in figare 28 con be made: BEmperical determina- Fig- 271
ticns have proved to the writer that with a
reliable meter and accurate resistances, calibration with a standard ie not nec-
cessary: If, however, one doubis the exactness of the resistance walus of the
resistor, m conparison with the standard should be made: Comparison apainst a

standard is recommended.

BT T T T

| The ordinate of the graph is

e T HAt designated im the voltage scale and
L thes sbacissa carries the metsr scals
3T T [ T reading since the meter used, poasessed
mEmEmsnns 101 20 scale divisions, each divisicn was
equal to 10 volts on the 200 wolt scale.

ram F ] &5 wolts on the 100 velt scale, 20 wolts

Sm NS AN S on the 400 volt scale, 25 wolts on the
I I ! 500 volt scals and 50 wolts on the 1000
My volt scale.

The calibration curve shown here-
T T with should not be comnsidered as stan-
EEs 'I ] dard and individual calibration is ree-
L] T ommended- The shunt utilized with the
mm S]] sbove meter must be sbeolutely mccurate
.].'* [ ] in order that the wvoltage readings be
e x RO corrects If the resistances are mot as-
I‘-- r|.||::‘!1|:||| ; -"i G‘“““. m ”1““ .E‘““m‘ um
Fig- 28 the valus of the sxternal resistance di-
vided by 1000: In other words, if the

resistance ir equal to 290,000 chms, the maximum permissible wvoltage is 290 volts.




The current scele of e millismmeter or an smmeter 1s incremsed by shunt-

ing the meter with an extermal resistance as in Cigars 29 . In order to select
the correct shuntirg resistances, 1t is essential that the internal resistance
of the current lndicating dewice bte kmown and also the maximum current require-
ment. Feortunately, meter panufacturers invariably mention the internsl resis-
tance of their inetrumenta, and whem this information is awailsble, selection

i

of the shunt resistance or resistances is simply the applicatlion of the follew-
ing formuls

R‘-‘-I_".._:.Eliun
Is

fix = unkmown ehunt resictance, Ia is meter current scale, Ie is curremt
through shunt which in turn is equal to the total current flow minus the current
flew through the meter and Re is the resistance of the instrument: For example,
let us consider the multirange nillismmeter employed by the writer: The neter
ia a Teston 301 model O to 20 DC millismmeter with an internal resistance of 1.5
ohms. Lot us assume that we wish Lo increase this range to 80 mils, 100 mils
and 200 milss Te will therefore require three shunt resistances as shown above.
For the first cese applying the formals, we find that Is is 04 sapere and the
formula becomes
B8 = 02 x 1.6 or
«04

Ep = «TH ohma as the wvalue for the &0 mil range shumt.

By the same method of caleulation, the shunt for the 100 mil range
is «¥76 ohm. The shumt for the 200 mil scale is 111 olm« The shunt resistances
can b mede from resistance wire of kmown chmic walus per fool or inch or of cop—
per wire of kmown resistance: The multiplying factor with any one value of almnt
resintance, is

Bs plus Ra whare
i)

Re 1z shunt resistance and Ra ls instrument resistance-

An illustretion of the sbowve in the multirenge aillissseter for the
60 mil scale is

«TB plus 1. or &
«70
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Service Station Test Bench

The modern redic service statiom is equipped with a complete test
bench equipped with sufficient meters to permit all possible measurements upon
radic receivers snd all types of tube, eliminator and receiver tests. The 1l1-
lustration shown in figore 30 is that of & test bench sgquipped for the follow-
ing: ]

ls Tesat of wacumm tubee as oscillators, redic frequency amplifiers,
detectors or mudis frequency smplifiers.

2+ Qualitaiive comparisen of recelwver performance, such as smpli-
fication and selectivity.

S+ Messurement of AC voltages applied to filaments and plates of
rectifiers.

4. TVoltage regulation curve of B elininators.

6+ Voltage regulstion curve of A eliminators.

6. Contimuity testing

T+ Measurement of AC lins voltage inmput into receiver.

&. Messurement of charging current of DC charges-

9. Tests of dry cells.

10, Measuring A current consumed by recelver.

11 Messurement of filement curremt of AC and DC tubee.

12. Generstion of locel signal for receiver neutralizstion.

12. Yeasurensnt of fllsment transformer cutput woltage and wolt-
age repalation.

l4. Electrorde emission of wacuum tubes including fllsment type
rectifiers.

185. Teat of screem grid tube
16. GCeneral test of all types of tubes. (AC and DC) with local powsr.

17+ Conventional recelver test including comtimaity, applied woltages
including cethode snd mll tubes including the 250.

18 Sensitivity test of receiver.

19 Affords utility of thermo-galvencmeter, AC voltmeter, 0 = 4 = 8
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= 150 volts and AC voltmeter 0 = 500 = 1000 volts; DC smmeter 0 =
3 smperes and DC ssmeter 0 = 50 smperes; AC smmeter O = I emperes;
DC millismmeter O = 1 mdllismpsre and DC millismmeter O - 20 -
200 mdllismpores; DC woltmeter O = 50 - 500 wolta.

All of the above inatrumenmts are parts of the test bench and are
utiliged in the testing equipment, tut binding posts are provided to permit ex-
ternal use of each instrument . The test bench is segregated into four parts
and the wiring disgrems in figures 51, 52, 33 and 34 illustrate the system of
wiring. Dividing the wiring disgrems into four units does not mean that the test
bench should be divided in eimilar mammer. The individual wiring disgrass are
furrished to facilitate comprehension. The legend of parts illustrated upon the
test bench panel ere indicated upon the individual wiring diegrems but to simpli-
fy matters will be separately quoted st this time. The various resistmnces em-
ployed in the systems are not shown upon the pansl but are menticned in the wir-
irg disgrem: With respect to the designations upon the panel, the following are
the explanations.

TG, thermo-galvanomster; oscillater, oseillator tuning condenser
dial; dummy ant, dumny sntenna condemser dial; PR, ocscillator filament rheostet;
DAR, dummy antenna resistance; €, coupling comtrel for varying coupling betwesn
caclillatcr and dumny sntennm; DFET, double point single throw switch; 1, 2, 3, 4,
By By T 9 10, and 13, toggle switches; 14, & doubls pole double throw switch;

11 and 12, single pole 2 point switch ws shown; AC 1, O - 60O - 1000 volis AC
voltmetor; AD 2, AC 4, 0 = 4 = 6 = 150 volts AC voltmeter; AC 5, O - 2 AC smmeter;
DC1,0 = 3 DC ammeter; DC 2, 0 = 50 DC ammeter; NC 3, 0 = 1 DC millieemeter; DC 4,
0 = 20 = 200 DC millismmeter; DC 6, O = 80 = 600 DC volimeter; LP, line plug mock=
et; I, input to receiver from dummy antenna; OUT, cutput from receiver to indica=
ting system; 8, double point double throw switch; B - G F F P, binding poste for
B eliminstor tester providing comnectlon for plug insert; 0 F € P-F, binding
posts for tube and set tester permitting applicetion of external power supply or

4 or § prong plug insert for set testing. The circles esscclated with the meters
are the binding posts for external comnection: The two plugs aseoclated with AC

1 and AC 4 permit comnection of the proper voltage scale. "B" R is the load re-
sistence utilized when determining woltage regulation of B eliminators. The sock-
etz shown are 4 and § prong respectively. Explanation of the functlon of each
unit indicator on the panel will be described when the wiring disagrems are dis-

cussed. BPE is the bi-polar switch whereby the instruments utilized in the tube
and set tester are cohmected into the circult.

Tha field of utility of this test panel was not fully enumerated.
Many other tests may be carried cut by intsr-cornection of the warious meters, via
the external binding posts and since these will undoubtedly present themmelves when
the test panel is being operated, detailed discussicn in unmecessary. We will how-
ever, illustrate a fov exsmples later in the text.

The first part of the test panel consists of the signal generator
and dummy entennas This generator is quits simple and not as eleborate as that
shown in figure 6. As a matter of fact, the system utilised 1s identical to that
illustrated in figure 7. Plate voltage conmections do not terminate upon the pan-
#l, but filement comtrel of the cecillator tube iz obtained by means of the topgle
switch 13 and the filament rhecstat. The slectrical constamts of the varicus units

employsd ic the signal generator are givem in the deseripticn of the system.
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Fig So.  Test Bameh Panel

Terminals @ are pin jachs
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Figs21 BSignal Generator and Eeceiver Input Systiem Baployed
on Test Bench Panel.

The signal gensrstor and recelwer input system employed or rather inecor—
porated in the test bench pansl is shewn sbove, and comsists of a self modulating
redic frequency oscillator and a phantem or dumny antenna system. The electrical
constants of the various units are shown in the wiring diagram. The inductances
L,Ll and L2 constitute a three circult tunser with a variable primary L2+ The ind-
uctance L1 is the secondary, and L i8 the tickler coil or plate windinge The fune-
tion of 12 ie to plck up snergy from L1 and feed it into the aerisl coil in the
receiver through the wariable condenser 2 and the resistance DARs The purpose of
L2,condenser 2 and DAR is to simulate an antenna system, the inductance LZ belng
the inductance of the average serial; the capacity 2 being the distributed capacity
of the average serial, and the resistance DAR, being the sffective resistance of
the antenna system. The Aerial and Ground termirals of the receiver under test are
connscted to the terminals “IN", the serisl to the A terminal and the ground to the
G terminal.

The function of the coupling comtrel is to wary the intensity of the signal
input, thereby affording a means of checking receiver semsitivity and overall amp-=
lification, by noting the setting of C end the receiver output. FR is the oscillator
filament rhecstat, & verlable resistance of 15 ohms. DAR ie an ordinary rheostat of
60 ohms resistance: The meter TG, utilized to indicate the radic frequency currant
in the oscilletor is u Westonmodel 426 Thermo-Galvenometer O-115 millismperes. The
internal resistance of this meter iz 5.7 ohms.

FR controls the escillator outputy although the signel input into the rec-
siver should be controlled by means of the coupling control C. The term 'variable'
in the rirst paragraph of this descripiicn means rotatabls rather than veriable in
inductances The valus of the grid leak governs the modulating frequency. The tuning
of the oscilletor is governed by condenser 1 and the adjustment of the ficticlous
antenns system by means of conderser 2 and DAR. Inductance 12 meed not be more than
12 turns on & 1" tube,8 torns on & 2" tube or 6 turna on & 2" tubes Its inductance
value 18 mot importamt. The plate voltage need not be more than 45 velts.
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The second part of the test hench panel comsists of the undt utilized
to meszurs the AC voltepee epplied to B bettery eliminators, o menually operated
line voltage contrel reslstance whereby the input voltage to power devices may be
determined, equipment for wvoltale outrut curves of flilsment transformers and a var-
isble resictance utilized vhen determining voltage cutput curves of A eliminators.

The B eliminator tester im shown in figare 352 and the warious A0 wolt-
ages applied to the rectifier tubes are determined by utilizing the wolimeters AC
1 and 2, the DPFDT switch and the small contact switches 1 to 5 inclusive. The pris-
ciple governin: the use of this sarrengement is described on page 10. In this case,
hewever, we utilire switches rather than the plug mentionsd om page 10. The U posi-
tion of the DFDY switch is used when messuring filement voltage applied to rectifier
tubsa or any other AC voltages betwesn 0 smd 150 volts, the plug being inssrtsd inis
the proper voltmeter pinjack. Combtact switch 3 controls this cireuit-

To test n B eliminstor, that is, the AC voltages applied to the recti-
fier tube or tubes, the rectifier tube ir removed from the socket snd the 4 prong
insert plugged into the rectifier tube scoket. The B minus terminal connects to
the B minue of the elininator or to tie maximum C negative if grid biss voltage is
alec available from the elisinator. For volteges sbove 150 wolts AC, the switch 1s
fet o D and the wvolimeter plug inserted icto the 600 wolt or 1000 volt jack. The
correct contect switch is them manipulsted. The eircuits menticned on pege 10 are
controlled by the similer mmbered switchee, Feference to page 10 will explain the
furctior of this syrtem.




Page 35

Bt o5
i [ st
g"l'n? |
" @ eog
Lt B ~ "B3ee
E '“34- g ¢ Ay 8 b0
J - + boooo
oh
gium '[ o =
oAl —i
ocs o=
reeoe ot [ Ded) 2 _ifohm
Shmi HK)
¢ t] 2oe Ma
LY T Shunt
-
i BPS 1. forsa
ﬂ-‘\_ by i
n-_ oe T~
-]
L E,. Zoves
& ]
l"' . ;:1- e
ioe e [
—yg
22252 oLk
T
77 =3 I Fraas f*~
]i' 3 et i prind
/ gl il ”
- !
F L
F

AL. Switel ‘ i F &

Flg. 34

Tiring diagram of panel bench sel tester and tube Lester.




Fage 36

Flg. 33 illustretes the utility of the line voltage control resistance
and the line plug LF. The pover unit lrput system iz plugred into LP and the velt-
age measured by conpecting the two voltmeter plugs to AC 2. Tesietence & is a 75
watt B0 chm power rhecetat. The extorcal connecticns thereto in confunciien with
the DC mmmeter and voltmeter pernit voliage cutput curves of A eliriretors and with
the 5iC ammeter and wolimeter, voliage output curves of filament trareformers. The
meters DC1, DO2 and AC3 mre wiilized for DC end AC current determinations.

The complete set tester is illustrated in figure 34. Switch numbers des-
igneted correspond with the switch mumbers on the panel. This tester 1: somewhat
#imilar to the unit illustrated in fir. 5 and discussed on paress ard 6 with the ex-
ception that a Weston bi-polar switch is utilized to conirol the voltage meesure-
memte. DC 5 45 in reality o C to 1 millissmeter but utiliced s a O to EOO wolt TC
volimetor with intermediate sceles such az 10, 20, 60, 100, 300 and 600 volte. Elee-
trical constente ere glven in the illustretion. The 4 or § tube plug insert is con-
nected to the temirals GPCFP-

For receiver testing, switches 11, 12 and 14 are set st A and switch ©
at D. For AC filement woltage teste, BPS io set to the "off” position. Switch 10
ie closed and AC 4 comnnected by means of the plug, the plug beirg inserted into the
correct voltage ecale jack. For DC test, switch A is open and EPS manipulated acc-
erding te the voltage messurements required. Note the guotation pertaining to switch
§. Gwitch T governe the range of the plate millismmeter OO 4. All of the voltage
multiplier resistances are Truvolte type E adjusted to & high degres of accurmey.

For electronic emission tests of regular tubes, 11 in open and € and 7
cloged. To test filament Lype of rectifier tubes, 11 is open, T clomed, 6 closed
and 12 at A for half wave rectifiers and sliernately %o A ard B for full wave rec-
tifiers. Shield grid tube tests are made by cetting ewitch 11 4o 2 and 12 to A
and the ehield grid clip cornected to the control grid terminal. A separate nega-
tive grid bies may be applisd by setting switch 14 to B. TWhen screer grid tubes
are tested 45 volls positive are applisd to terminal B of switeh 11.

1f proper potentials are applied across GPCFP and en elternating single
potantial is spplied across @F - or OC and switch & iz set to U, cutput indications
are possible by means of OT, an cutput tramaformar, CRY & carborundum erystal and
IC &. Recelver cutput indications may be obiained by setting switch 8 to position
D and cornecting the receiver output tube %o the Lterminals OUT. Thi:s arrangenont
is illustrated and discussed on page 17.

All € voltage mensurements with EFf are made with mirus conmecticns to
F plus or F minus, all cathode voltage messurements, with the pluz connected to
the cathode. A1l E voltage messurements are made with minus comnectsd to the ca-
thode: To connect the cathode load and the P minus lead, closs switch 9. As is
evident, the tester may be utilized with local potentials applied to OFCFP or with
recal ver potentials obtedned by means of plup inseris.




Appendix

Elactrical measuring instrnments are irdispensable to every individual
who has oscasion to come im contact with electrical devices, and mmong thie class-
ification are radic service men, custom set tudlders, non-professional set build-
ers and every radio recelver owner. Electricity in gemeral, to the multituds in
gereral is & mysterious agent. We st the present time are concerned with radle,
ecnsequently will devote our discussion to that phase of the electrical industry.

Evary part of a radic recelver is a wvulnersble item. The electrieal
forces acting within these units, curbed by the Imowladge of man, are constantly
sesking an exit. The slightest slip, the slighteet error and some umit or perhaps
& complete device must be replaced. Elsctrical measuring devices are therefore,
sasentials whorever electricity is the mctusting power. Comprehension of axist-
ing electrical comditiona is possible by means of aenly one channel, slsctrical
mgasuring devices or instruments. The service man who ir called upon to isolats
& fault, or to discover an error or to repair o defect can do so omly if he has
the proper electrical memsuring instruments whersby he can detarmine exiating in-
carrect or correct conditioms. BEadio receiver servicing, in fact the servicing

of any slectrical device, is impossible unless electrical measuring devices are
utiliced.

Eecelver diagnoses to locats troubls cannot be accomplished by murel
obeervation. Elsctricity, the mystericus agent, {» invisitle to the naked eye
but clearly visible to the same sys when its reactioms are noted upon alsctricnl
indieating or measuring instruments. Corrsct operating conditions in m radic re-

caiver cannot be determined wnloss electricel meters are employed to indicate the
current and potentisl mt various points.

The radic service man in particular must be & prolific user of elec=
trical meters since they afford rapld, ecomomical mnd mccurate servicing- The
radio service man cannot operate without meters. He requires potential indicating
devices to determine plate woltage, rilament voltage, line voltage, grid woltags,
elininator voltage and many others. He requires current indicating devices io
determine plate current, filament curremt, Erid current and many others. Every
cne of these indications gives him informstion relative to the operation of the
recelver. These indications alone, permit the isolation of the scurcs of trouble,
eince he is visually advised of incorrect operating conditicons- Every form of
trouble becomes svident when elsctricel mearuring devices are employed.

It is true that correct interpretation of the peter indieatiocns in
imperative but neither diagnoses or interpretation mre possible if axisting con-
ditions are uninown. The abundent use of slectrical meters is the taasis for suc=
cessful and profitable redio receiver servicing-

The custom set builder is in like position. He, cennct dotermine
the sfficacy of the warious conponente which he contemplates utilizing and incor-
porating in the tailored receiver. His product muat be the acme of coordination
and this is impossible unless he is swarc of the elsctrical characteristice of
svery one of the units employed in the receiver. To detsrmins these slscirical
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charscteristics you must employ indicating devices. Hence slectrical meters are
the basis for successful custom receiver building.

The redic receiver owner likewise requires slectrical metess in order
to protect his receiver investment. This is particularly true sincs the advent
of eleciric receivers and power sources for filamemt, grid and plate potentials.
The operating life of many units employed in the receiver,is governsd by the po-
tontials applied and unlose one knows accurately, the existing elsctrical condi-
tlons, it ia impossible to operate in a satisfactery manner. Electricol meters
are visual gpuides and their use is justified in every instance. The lack of an
electrical meter ism daily costing thousands of dollare to radis receiver cwners
in thia country and it is the duty of the service mon or the custom set “uilder
to advise the use of electrical indicating instruments or to incorporate such
deviges when & recelver is sold.

Balisving that the custom aet builder and the service man should have
o knowledge of elsctrical indicating instrumenta, wo present the following, an
excerpt from a monograph published by the Teeton Electrical Instrument Co. and
entitled "Principles of Permanent Magnet Mowvable Coil snd Movable Iren Types of
Instruments-" Electrical meters available today are of various types and thor-
ough comprehension of theee types will prove of inestimabls wvaluss

IMrect Current Permansnt Magnet Pivoted Movabla Coil Type of Instrument-

Exanine the assembled internal comstruetiom (Fig. I) of a direct cur-

rent permanent magnet, pivoted, movable coil type of instrument: Then we shall
dispect it mo that its parts may be conpidersd in detadl.

You will note that the most prominent visible parts depicted in Fig.
I are & magnet and a movable codl. The latter is made of several turns of wire
carefully insuleted and wound upon & rectangular aluminrum frame. This coil is
pivoted in sapphire bearings and arranged eo that m current may flow through ite
windings. By virtue of its mounting, rotary motion only io possible. This =o-
tion is cpposed by means of two springs which also serve as conductors to CArTy
the current into and from the mowmble coll winding.

It should be remesbered that this movable eoil, nlthough com
no iron, has all the properties of & mapnet when n current is sent through it;
and therefore, it will hawe polarity. Since it lies in en intense magnetic risld
it will tend to move = due to the metion betwesn the electro mapnetic effect
ereated by the current carried in the winding of the coil and the magnetic field

of the permenent mognet causing these two magnetic fields to sstablish a certain
relation of their respective lines of magnetic foroe.

Honce, when current is sent through the movable ceil which also car-
riss a permmnently affized pointer (see Pig. ¥V) a deflection will be obtained
correspending to the strengih of that current. The pointer moves over a pre-
cisely calibrated scale and indicates the valus of the current being measured.

Ampara's law which shows the attraction of a magnet to a moveble cir=
cuit carrying a current, serves very nicely to domonstrats the fundamental prin-
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ciple of the instrument, but in applying this principle to an instrument of pre-
clsion each operative part must be 2o nicely designed and proportioned that the
apparatus as a whole will give uniformly dependabls results.

We should now consider the per-
manent magnet, or rather the field
pattern of the magnet made wisible by
iron filings (Pig. IT)

As you see, the effects of the
magnetic lines of force are made vis-
ible in every direction. Omly those
passing directly between the polss
are of service in the operation of
the instrument. Thess useful lines of
fores that form the field in the space
where the movable coil rotates normal-
ly, consist of nearly straight lines
batween the poles of the magnet. How—
ever, such & dietritution of the lines
of force does not serve our purpoes as
will be seon later.

The next step in the construc-
tion of the magnetic system is the ad-
dition of pole pieces attached to the

Direct Current Movable Coll Systes

ends or poles of the magnet.

The sddition of these pole pieces has the ef-
fect of concemtrating the magnetic lines that we wish to use, and that they form
& Ting on the faces of the pole pleces. Yet thers are some lines in the center
which are otill parallel and 4 '*,‘ e —

have not taken m unifs
radial position such as is de-
fired.

The redisl position of
these lines is the ideal that
is sought since it gives ws a
concentrated and uniform fleld
throughuwut the path of rotation
of the moving coil. To cbtain
this unifors or redlal field,

& cylindrical core of soft iron
ie inserted.

In Fig. IIT it can be
readily seen that we now have 3
obtained & uniform redial field. 3

To permit freedom of rota- i 7
tion of the mowable coll within A P
this radial mapnetic field, the Lines of Féree of a Weston Permanent Magmat.
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eir gap betwean the core and pole pleces muet be sccurately establiched. This
is made posesible through precise mechanicel manufecturing operation. The air
gap, for mn average irstrument, is made 0«36 inch in width, i =, the anrular
cpoace between the pole plece and core through which the moving coll travels is
0+08 inch wide.

Zirce there ie precticelly a
uniform field established in the
eir gep through which this care-
fully wound codl rotates, it fol-
lows that the deflsction of the
coll end pointer will be corres-
pondingly proporticnal to the cur-
rent in the coil and the inatru-
ment will have a uniforly divi-
ded ccale, that is, the divisione
or: the seale reprecenting increase

\

in current strengih will be evenly r:_“"
epaced as far as the eye can dis- [ -7~
CETT. o i

-, .,L

hnother point of impertance
regarding this nacnet iz the meth- |y
ods used to sssure its permanency. |* -
It is well knotm that a nagnet -
which ig eupplied with & keeper
or piece of soft iron will retaln
iHP'!lGM'HM s g oy Limes of Foree of & Wi::;v:nnmnl Magnet with Pole Pieves
kesper, and vhen this keeper ia
properly desigred, the oagnetisnm
will be retained urnimpaired indefinitely, as it provides a path of low reluc-
tanece for the lirea of force.

4,

Tou will recall that the distance betwsen the pols piece and core was
nade very nimste and that the pele piece and core were eoach made of soft iron so
you can readlly see what actually was accompliched was, in effect, to nrovide the
oagnet Tith a keeper. In other words, the air gap is so small that it does not
disrupt or impede the path of the lines of foree to any sprreciable extent and sn-
ebles the negnet o reiain its permenency throurhout an irdefinite pericd of years.

The Movable Cofil

The Zovable Coll, which might be called the heart of the covabls ays-
tem, iz =ade of ceveral tume of wire carefully insulated and usuzlly wound uzom
an eluminun frase. Its parts are so designed end constructed that thelr weight
is reduced to the ninl=om conslstent with requisite mechanical stirength. This is
very important since exceseive weight in the sowable eyetem causes pivot “rictien
and o rapld wearing oui of the pivets and also makes the coll less responcive to
snall chonpes in current.

The coil ~hewm ir Tige IV ie taken from a switchboard velt=ster, its
dimersione are roughly 1 by 1-3/8 inches. The size of the many Tecton colls de-
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pends upen the type of instrument in which they may be used.

In the popular mimiaturs precision instrument knewn s the Weston Model
280, the movable system weighs leap than 0«2 gram, although comsisting of oixtesn
parta.

Bome of these parts are so small
that they must be exsmined under a mag-
nifying lens in order to learn their
exnct form: Yet, thelr mass is distri-
buted with such care and exmctitude that
the center of gravity of the complete
movable coll is almost exactly aligned
with the pivote. This aligmment is fin-
ally perfected by means of minute adjust-
sble nuts on the cross arms mnd teil piece
of the pointer.

The student may, st first thought,
conclude, dus to the smallness of these
parts, that the instruments are too deli-
cate lfor commerclial work, but when he con- The Weaston Movable Cail,
eiders that the only mechanical function
of these parts is to carry the pointer
across the seale, he can readily see that
the parts ere more then edequate in size and strength for the work for which they
are intended, even when consideration is ziven to incidental overloads and shocks
of an ordinary character.

In conclueion, we might add that the design of these instruments hes
been so perfected and the warlous parts so carefully coordinated in regard to the
functions they severally perform, that this corporation iz enabled to supply an
instrument of gquality for any fleld of service known at the present time.

Another point to be noted in reference to the astion of this moving
codl 1s the manner in which it is "damped". That is, the way in which its motion
is slowed dowm to prevent excessiwve overswing mnd ocecillation before settling to
rest at its [inal position.

You will remember that the coil is wound on on aluminum frame. Thus
when it rotates through the magnetic field of the magnet, currents are induced
in it. These currents are kmown ae eddy or Foucault currents and since they are
produced by the ococlllation of the cell, they absorb energy from the moveble sys-
tém and greatly diminish the smplitude of the ewing, quickly bringing it to rest.

------- L
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Eoveble Irom or Electromegnetic Instruments

The novable iren or electromagnetic type of instrument finds wide ap-
plication ar & cormercial AC imstrument fer current and voltage measuresents.

The prineiple of operstion of this type of instrument will be easily
understocd by referring to figure V and the following explonation.

In Figure ¥ sub 1 we have two pleces of noft irem suspended vertically
in o eeil er sclencid by means of threade. There Being no current flowing there
¥ill be no acticn betveen the iron pleces: Plgure V gub 2 shows the effect of
puesing o direct current through the eoil. The direction of the flow iz such
that the upper ends of the iron pleces are magnetized to be If poles and the lower
ends of the iron pleces 5 poles. Since like polos of two magnetiized bodies will
repal one apother, the irem piecee cre forced mpart- Tigure ¥ sub 3 shows the

Fig: ¥

Fima

Fia =

same action but with the current reversed. If this reverss i sufficlently ra;id
the iren pieces will remadr apart until the current flow is stopped. Fig. ¥ sub
4 illustrotes the coil horizontally placed with one irem plece Tartered po that
it cannot move while the other piece is free to move. Pipure ¥ sub B ghowe the
effect on this arrangement when current flews. In Flgure U sub G the moveble
iren plece is attached o that 1t can only move by rotation. Thus when current
is pessed through the coil the mowable pisce will rotate en ite staff and the
pointer attached to it, will move over the scale. This ie virtually the manmer

in which the moveble iron repulsien principle is cpplied in the Teston inatru-
nents .

Rotaticn of the moveble iron plece ie cpposed by a spiral apring.
The force ccusing rotctlon deperds on the ctremgth of the magnetic fisld set up




by the coll or solemoid. The field strength gepends on the current flewing. Thue
when current flows through the coil, the moveble iren piece will rotete Lo such
& poeition where the rotationel force mnd spring foree become equal. ¥otion
then stope and the pointer position shows the scule valus for the current flow-
ing.

In an smmeter the current pasees through & relatively heavy conductor
in the form of & coll. The size of this conductor and the rumber of turns in the
ceil depend en the current renge of the instrument. In & vwolimster, a large Dum-
ber of turns of conparatively small wire makes up the coil: In order that the
low resistance of the coil might not persit an excessive current to flow whem
the inetrusent is commected to the eireuit, m resistence is placed in seriee
with the coil so that the current flewing through it is reduced to the required
valus-

Thie type of imstrumert will operate on sither dipect or alternating
current, but it is more accurate on wlternating current.

Frequency changes affect the readings on voltmetors mnd millismseters
eand low range amceters to some extent btut, in general, the instrument sccurscy is
well within its guarantee for any commercial frequency except thoge used in radio
communications For use on such frequencies, spacinl adjustzent and ealibration
is neceseary.

These instruments may be left in eirecuit indefinitely, without error
resulting, but portable voltmeters are provided with contact keys so that they
ean be connected to the circult or disconnected at wills






