e

(o G T g

b et bt

- ol i

— .
- J
! p
d s
” -
- I
y —

N A s e DA Dt s P 0

—~
4
-
s
3
1
8))

TR A e

.

e




I

Il

|

,mmﬂ

,Vl‘lg,

|

|

6 ’:\ L (.5;1' 3




PLACE IN RETURN BOX to remove this checkout from your record.

TO AVOID FINES return on or before date due.

DATE DUE DATE DUE

DATE DUE

MAY, 0. 994

.

l

|

I

N T

MSU Is An Affirmative ActiorVEqual Opportunity Institution

c\circ\datedue.pm3-p.1




* THE SIS **



DESIGN AND CONSTRUCTION
OF A SUPER HETERODYNE
RECEIVER

A Thesis Submitted to
The Faculty ef
MICHIGAN STATE COLLEGE

By

s

w. A) Fitoh
L)
Candidates fer the Degree

of

Bachelor eof Socience.

June 19286.

A, J. Simpson



TRESE




** DEDICATION **
* TO *

The Eleetrisal Engineering Department of the
' Michigan State College for
Inereasing and Bettering
the Labdberatory
Equipm;nt
and the Benefit
to the Course therefrom

this Work is heartily Dedicated

by the Authers.

55207



** PREFACE *x*

This beok is a collection of notes and details for
the design and eonstruction ef super heterodyne
receiver.

We sdleeted the design and censtruction of this
apparatus in view of the fact that it is a very useful
instrunent and is much needed to better the equipment
of the Electrical Engineering Department. Also we eon—
sidered the benefit to ourselves derived from the work-
ing eut of the design ind detsil§ of econstruction, the
pleasure of seeing it materialize and work out under
test after completion,

In the course of our work we received much help froi
various departments and persons connected thereto and
we wish here to express our deep indebtedness te;

Mr. Burr K. Osborne for advice on degign, construction,
general information and supervision,

The Detroit Electric Co. for the loan of apparatus,

lir. Fields for helping with the drawings and blue
prints.

EVSRYBODY with whom we came in contact for general

good-will, readiness to help, and interest in the work.



We feel that we are well repaid for our efforts to
make this work a sucocess, and hope that the instrument
that we have eonstructéd will be of use and value to
the Department. /e will be glad if these notes as a
benefit of our experience may be of use to anyone con-

sidering the same or a asimilar projest.

W. A. Fitoh

A. J. Simpson

M. S. C. June 1926
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INTRODUCTION

The Super-Heterodyne method of reception is
a product of the ingenuity of lir. E. H. Armstrong
and represents his solution of the inmportant end
difficult preblem of emplifying signals of short
wave length. The performance of casccded rzdio
frequencies represented by wave lengths of the order
of 10Cr600 meters is considerably poorer than their -
performance at lower frequencies, due to the compear-
atively high electrostatic capacity of the tultes

and wiring used to connect up the amnlifier.



THEQ:YY OF SUP 7 =HI'T «.CUYNI RUCLIVIR

Briefly the theory of the Super-heterodyne is to
beat the incoming frequency with a local oseillztor yrro-
ducing a beat frequency‘which is amplified in an ampli-
fier designed for this and only this, frequency. After
amplification it is th2n changed to audio freqguencies
by means of a detector. There are several advantcges
to this scheme. There zre only tuvo dials to control,
one for the oscillator and the other for the loop tuning.
The set is extremely selective due to the sharpness of
tuning of the intermediate frequency amplifier. And due
to the fact that the amplifier is designed for this one
frequengy, very high amplication may be obtained.

Figure 1 i8 meant to represent a modulated carrier
vave such as are produced by a broadoasting station.

The variations occur at voice frejuencies. The mathemat-
ical expression for such a train of oscillations may be
written as follows:

[v + Visin(pt + 61) + V2 Sin(2 pt + ) + V35in(3pt + €3)
(1)

‘‘herein the bracketed expression is the ejuation of the

+ VpSin(n pt + €p)Sin w,t----- -1.
envelope curve bounding the amplitude of the radio fre-
quency oscillations, expressed in the form of a Fourier's
series, and the last term, Sin w,t, refers to the radio

frequeney oscillation of periodieity ,, which is to s



considered as an oscillation modulated at audible frequenecy

according to the envelope curve just mentioned. The envel-
ope contains a fundamental frequency corresponding to p and
all the harmonics 2 p, 3 p, 4 p, +++..n p characteristic of
the voice frequency. Thus the periodicity p would corres-
pond to the fundamental voice frequency and the harmonics
may run to the 1l0th or ®R0th before their amplitudes are
small enough to make them negligible. Vi, V,, Vg,e...Vp
designate respectively the amplitudes of the fundamental
and the various harmonics. ©3, ©9,......6p represent their
phases.

The voltzge produced by the local oscillator for het-
SpeYRing 18 YV e98(l # B)ississnssnvssiivniernnela)

The total or resultant voltage acting on the first de-

tector at every instant is therefore given by the sum of



expressions (1) and (2). This can be vritten in the fol-

lowing form:

VarCos(UL- vo= pIt + (8, = 8) X Sgs(uw) +1= p)t + (87 + ) ~
L 2 - 2

Sin(w, =, + p)t +(61 = ©) X Sin(W: + . + 12’)'6 + (6 +8) +
2

-4

V,[Con( W, = () ¢+ 2p)t (05 = 0) x Cos(«)y ¢, =2p)t + gez + 6)-
) - 5

Sin(W, = o 2p)% « (0 = 0) x Sin( )+« + 2plt + (6, + QL.“-#
2 2 e

-4

V,(Cos(u), - u), + :'5p%t + (6x = 68) x Cos(WwW, + (>, = 3)2@)1. + (65 + 6) -
L

sin(W, = «'; + 3p)t + (8, = 6) x Sin(W _+ w. + 3p)t + (6 + 6) +
2 ' 2 - ;

]

© 9 000 006000000069 0060000600060 0600000000600000 000600600600 0°0¢000000000 +

Vn[COB(UU. - w, = np)t + (6 = 6) x Cos (W, + ), = np)t + (6, + 6) -
2 2

A < !



In each of the bracketed terms four different fre-

quencies appear, nemely:--

W, —J, - kE (&2 *!{LJ’A_i kp
47T 477

(/U‘ +w;_'- KD (/(-’/‘f'(/()Lf kp
47 4

k having different values 1, 2, 3, 4, «sessecesen corresponding
to the 1st, an, 3rd, 4th or nth bracket involving the 1lsat,
2nd, 3rd, 4th or nth harmonie.

The explicit values of these frequencies depend princi-
pally upon the vzlues ¢.', and /, of the incoming and loecel
radie frequencies,

When considering short wgves, of the order of 500 to 200
meters (v, and «,are both very large and of the four frequen~-
c¢ies mentioned, the two involving the differences ¢, -, ,are con-
siderably smaller than the two comprising the sums «) +w',.

Thus the two trigonometric products vhich appear in each of the

bracket terms of (3) indicate a radio frequency voltage of fre-

quency u/;«f-uat + kp modulated by a considerably lower, though

still super audible frequency of value W) -/, £ kp.
477
The transformers of the intermediate amplifier are designed

for frequencies of their order of magnitude and are not, there-



affected by the radie frequencies uu.fu? + kp. No energy
of these latter frequencies passes thr:uéh the amplifier.
Neither does energy of the incoming signal radio fresquency
w, represented by the last term of (3), particularly if the
transformser stages are sharply tuned as they should be. It
is only the beat or difference frequencies w,-w. + Kkp

49T
that have to be considersd in designing the transformers

and eircuits. All of these frequencies lie in the neigh-
bothood of the value W, -Wa. which is the fundamentsal or
basie beat frequency prodgzed by the incoming R. F. and
the lecal oscillations.
The transformers are fundamentally designed for the
basie or mean frequency w,- Wa., This can be adjusted
-5

by regulating the local oscillation but its proper

value is by no means immaterial.



DUSIGN AND T .STING OF I. F. TRANSFORMIRS. -

The intermediate frequency amplifier may be said
to be the heart of the Super-Heterodyne. It is here
that the feeble signals picked up from the loop are am-
plified to an audibility level.

The choice of intermediate frequensy is important.

It is limited in the lower ranges by the faect that it

must be above audibility, and thus about 20,000 cycles

is as low as is permissible. The limitations in the other
direction are the difficulties usually encountered in am-
plifications of high frequencies, such as oscillation

due to feed back between stafges so a value of about 150,000
cycles is about as high ascan be used effectively.

The transformers should be as sharply tuned as possible
to permit the building up of high voltages and avoid losses
in resistance. A second réquirement is that there shall
be no distortion in the tonal quality of the received sig-
nal as it passes through the amplifier. This means that
escentielly all of the harmonics contzined in the envelope
ocurve of the arriving modulated oscillations must arpear

in the telephone current of the last detector. Thus, it



is necessary to trensmit equally through the coupling trans-
formers of the amplifier all of the frequencies,

amr 4

and while designing the transformers for the basic frequendy

(W, ~u2), the tuning must.bo broad enough so that the res-
—
ponse is practically uniform over all the frequencies up
te %2 on either side of this basic value. F;r radio phone
reception np should be at least 65,000 cycles. This allows
a 10,000 c;ole audio band that is uniformly amplified.
There are several disadvantages of the use of low
intermediate frequencies. In the first place the closer
the intermediate frequency to the audio range the greater
the tube noise, as this is an inverse function of the fre-
quency. Then also 1f a certain type of transformer will
amplify equally frequencies 1G% above and below its best
frequency the frequency band will be wider for higher fre-
quencies. For instance with this transformer the respon-
give range at 50,600 cycles would be 8,000 cycles which
is not wide enough to retain all of the speech frejuencies,
with the result that it will sound unnatural. <Yhereas
this same type transformer at 50,000 cycles would give

a resnonseve range of 10,000 cycles.
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There is another circumstance which favors the use of
high beat frequencies. The reason may be best explained by
an example which will illustrate the fundamental weakness
of the Super-Heterodyne--its complete lack of high selec-
tivity under certain conditions. Suppose that the inter-

mediate frequency is 30 K. C. and we desire to receive a
station having a carrier frequency of 680 K. C. Let us
further suppose that there are other stations on the air
having carrier frejuencies of 620 and 740 K. C. Now one
setting of the beating oscillator to receive the desired
station 18 650 X. C. and the other is 710 K. C. But it
will be noted that each of these oscillator settings 1is
excotly right also for the reception of one of the inter-
fering stations, so that without changing the oecillator
setting we can change from one station to the other by mere-
ly changing the tuning of the loop. In other words the only
protection againet the undesired station is the selectivity
of the loop circuit. Obviously if we double the intermed-
iate frequency the selectivity will be enormously greater,
as the stations to produce this type of interference will
have their carriers separated from that of the desired
signal by 120 K C. instead of 60 K C. and the loop circuit

would be sharp enougch to eliminate the undecsired signal 1if
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properly designed. The proper design of the loop circuit

will be taken up later. another type of interference is also
present. Suppose we went 680 K. C. as before and have
interference at 650 and 710 C, C., This interference will

alse give us a 50 K. C. beat note which will come through

the amplifier. For this reason the intermediate frequency
should not be any multiple of 5 K¢ C. or half the spacing
between stations and less trouble from bezt notes will re-
sult if the intermediate frequency is a prime number.

In view of the numerous advantages of high frequencies
it seems wisest to have the intermediate frequency at least
50 K., C., and preferably higher.

The choice of the intermediate transformer was decided
only after considerable testing and experimentstion. Al-
together 6 commercial transformers were tested. A photo-
graph of the arpsratus used for testing is shown. The im-
portant parts of the set up are the oscillator, wzvemeter,
vacuum tube voltmeter, intermediate frequency emplifier,
intermediate frequency transformer, detector and galvanometer.

The 1dea of the set up 18 to test different transformers
for amplification when operzting under conditions approx-
imatingas nearly aspossible the actuel conditions in the

receiving set.

The peak volt:ge in the pick up coil, which receives

this energy from the oscillator, is measured by the vacuum
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tube voltmeter. This voltage is adjusted to one volt by
varying the distance from pick up coil to oscillator,
Then by a potentiometer arrzngement 1/100 of this voltage
is fed into the input of an amplifier consisting of =a
tube and transformer under test. The alternating voltage
is again measured by the detector and galvanometer. An
explanation for the different parts of the set up will
now be given. |

The oscillator uses the simple Hartley circuit and is
calibrated from 30 to 100 K. C. by means of the wavemeter.
The tube used in this oscillator is a 7.5 watt typs U. V.,
210.

Thee peék up coil was about 9" in diameter and had about
100 turns. It was always kept at least two feet from the
oscillator to eliminate the effects of mutual induction,

The vacuum tube voltmeter is a device that measures A C
peak voltage without causing any load to be put on the
potential to be meusured. The orerztion of measuring the
voltczge consists of biasing the tube negative till the millsg~
anofer in the plate circuit just reads zero, with the oscill-
ator turned off. Vie are now operating on point (a) of the
characteristio curve of the vacuum tube and the milliameter

reads zero.
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~ If now the oscillator is turned on the milliameter will
show an increase in plate current. If now the grid bias is
made more gegative by varying the petentiometer, when it
reaches C the rlate current will again be zero and the differ-
ence between the two voltmeter readings will be the A C peak
voltage induced in the pick up ceoil.

In the test, point (a) need be measured only once. Then
the potentiometer is adjusted until it reads one more volt
than at (a). Then the oscillator is turned on and the dis-
tance from coil to oscillator adjusted till the milliameter
Just reads zero. The induced voltage is then one volt and can
be maintained at this value throughout the test by adjust-
ing the distance. It is necessary to do this beczuse the out-
put of the oscillator varies somewhat with the frequency it

generates.

+ Sm'd VO/faya.

/—7“4 3
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The reason for using the 100 to 1 ratio potentiometer
ahead of the amplifier iz te cut down the input voltege to
a value that would occur in an actucl set. In most Super-
Heterodynes probably the voltage input to the last intermsd-
iate stage would be .0l volt. If excessive voltzges were
used it might not give the iron transformers a fair test due
to the possibility of saturating the iron.

The amplifier used the same type of tube that was to be
in the set namely, U X 199. This tube has many advantages
over other tyres. In the first place its filiement consump-
tion 18 very low being only .08 amps at 3 volts. The inter-
electrode capacity is also smaller than most other tubes.

Its amplification constant 18 not quite as high as the U X 201 A
but thks disadvantage is slight.

The actual okrves for the transformers tested are shown
on curve sheet number 1. For good quality reception the
peak should be at lez2st 7 kilocycles wide. In drder to make
the sampon transforgers broad enough it was found necessary
te put a half megohm grid leak across the secondary. Of
course this cut down the amplification considerably but even
then the amplification was higher than the other transformers.
For this reason it wus decided to use these transformers in the

set. Fossibly the other transformers would have given a bet-
ter account of themselves if the larger tubes were used. Fol-
lowing 18 a description of the Sampson Transformers by the

Sampson Electric Co.
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The Samson Hi-R1 Long Wave Radio Frequency Trunsformers have
Helical Viindings in both primary and secondary. The effective-
ness of this unique winding method has been demonstrated in our
Audio Frequency Transformers, and is found to be of even greater
value in Radio Frequency, These Transformers are made for three
wave lengths; 3,000, 5,000, and 10,000 metres.

uinimum‘Leakage: Owing to the use of the helical winding
with the small voltage between adjacent turns, the primary and
secondary coils are exceedlingly oompact, which results in more
self-inductance for a given number of turns, and therefore ia
a minimum of magnetic leakage,

Couplings In the helical method of winding i8 is possible
to carefully govern the c;upling between the primary and secon-
dary windings without distwrbing either of the windings, and this
is one of the faoctors which makes it possible to acdurately de~
termine the best coupling for the finished product, and to main-
tain this standard acdurately in manufacturing,

Windingss In the arrangment of the primary and secondary
windings, the dispostion of the setions is such as to provide the
necessary ocoupling without the use of a large #ron core which is
usually necessary wnere the magnetic leakuge in the windings is
large, The obviates the need of depending almost entirely upon
iron for the coupling where its use always involves a variable
element which may widely differ in different lots. It is impos-
pible to reproduce the sectional winding of the Samson Radio
Frequency long Vave Transformers by the ordinary layer winding
method,
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EZSIGN AND TIOSTING OF AULIO FREJULNCY TROISIORALR

The purpose of the audio frequency amplifier is to sm-
plify without distorsion the output of the second detector
to such a volume thzt it will cperzte a loud speaker.‘

That one clause, amplify without distortion, might be
called the whole problem in a nutshell, because if the musie
or voice 18 to sound right it must not be distorted in any
way when passing through the set, In order to accomplish
this amplification without distorticn there are t:o main re-
quirem-nts to be met. First, the tubes used must be large
enough to deliver to the loud speaker as high an output as
18 desiratle without being overloaded. (If the grid swing
oiceeds the gtraight line portion of the tube characteristiec
a tube is said to be over loaded.) It i3 easily seen that
the last tube in the set would be the one that would be most
likely to be over loaded because it is the final step in the
prooess of amplification. This limitetion then, may be com-
pletely removed by the use of a higher power tube in the last
stage, such as the U X 120, This tube is designed for a grid
swing of 22} volts which is not likely to be exceeded. It

also has a low output impedence which matches the loudspesak-

er, thereby giving greatest efficisncy.
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The second ;ossible source of distortion lies in the
coupling device used between the tubes. The different methods
of coupling may use either impedence, resistance or trans-
formers. The principle re=son for choosing the latter type
for the set is that there is considerable amplification in
the transformer itself due to the steprping up of the voltages
in the transformer. The most common cause of distorticn in
the transformers is the failure to amplify the low frequencies
due to their having insufficieat impedence at the low fre-
quencies. Also some transformers have a resonant frequency
at which they emplify much more than at other frequencies.

Se in order to determine what transformer was best it wac
decided to tzke several commercial transformers and measure
the voltege output over the comrlete musical scale for a con-
stant voltage input. It was aiso decided that in order to
test the trensformer fairly it should be opereted under the
same conditions it would be in a set, with an amplifier

tube connected aheuh of it and another tube connected onto the
secondary. This amplifier tube should have the same plate,
filiementand grid voltages it 1s designed for. Now then, the
problem is to maintain a constant voltzge input bet:een fil-
iament and grid eof the amplifier tube over a wide range of
frequencies and mezsure the alternating voltage output. This

can be done with a set up similar to the one used for test-
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ing the intermediate frequency.transformers with the excep-
tion that we ecre interested in the output voltages, so a
vacuum tube voltmeter is connected onte the secondary of the
transformer as shown in diagram N. 2. Of course an audio
oscillator is used in place of the radio_frequency oscillator.
The audio escillater is calibrated and is capable of gener-
ating frequencies from 186 to 7,000 cycles.

On another page is shown a photograph of the set up as
used for testing the transformers. A diagram is shown of the
connections of the testing epparatus. The purpose of the
2 m f oondenser in the grid lead of the amplifier is to keep
the bias from the voltmeter tube from affecting the amplifier.
The impedenme of this condenser is so low that its effect on
the A C may be neglected.

In rugning a test on a tr-nsformer first the bics on the
tvo voltmeter tubes are made more negative until the gal-
venometers Gy and Gy just read zero. The voltmeter Vy and
V_ ere read. The readings will be celled Ey and E, respec-
tively. Then the bias on this tube is made more negative
by adjusting potentiometer Po until the voltmeter V; indicates
two volts higher than before, this reading is called L.

Then the oscillator is started and the vultage raised by
means of potentiometer P; until the galvanometer Gi Just

starts to indicate. Now there is two volts maximum value
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fed on the input of the amplifier. Pz is then adjusted until
the galvanometer Go Jjust begins to indicate. The voltmeter Vo
is8 then read. This reading is called E4. The voltage em-
plification of the transformer and tube combined is then
K = Eg = Ex . 35inee Ex and E1 are constant they need not
be mfgs;rgé again.

S1x commercial transformers were tested in this way
over the complete musical scale and a band of frequencies
foom 60 to over 6,500 cycles. For the 60 cycle source the
college sup-ly was used by first cutting down the voltzge.
The results were then plotted and the transformer chosen
that had the flattest curve. Of the transformers tested the
Rauland Lyric proved to be the best. It not only had a
fairly hizh amplification but held this amplification practi-
cally constant even down to 60 cycles where all other trans-

formers fell off to a marked degree.



DESIGN OF OSCILLATOR COIL

It was originally proposed to design the Super—
Heterodyne to tune from 70 to 550 meter. In order to

have the oscillutior te reppond to this wide range of
wave lengthd it would be necessary to have an arrange-

ment whereby defferent size coils co@ld be plugged in.
On aceount of lack eof timo_only onse coil was made. This
wag designed from a chart on page 587 of the March issue
of Radio Broadeast. This chart is based on Nagaoka's
formula. It was found that with a 10005 mf. condenset
aoross both grid and plate coils, the number of turns

on both grid and plate coils should be 49 when wound on
& 2% inch tube. This coil’ has a pange of from 250 to

550 meters.

<0



DESIGN OF LOOP.

In order to reduce the distributed capacity of the

loop a5 much as possible it was decided to wind it as
shown in Fig. 2,

This permits of a wider range of tuning than could
otherwise be had. The number of turns was determined

from formula 165 in Bureau of Standards Circular ;74,
which is;

-~

L, = .008 an® [ 2.303 log:. a + .726 + .22312/ ~.008an[a+B/ (5).
[+) ” 10 S‘

21
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In which

Lo = the inductance of loop in microhenries.

a = the side of the sguare, measured to the center of the

wire.
n = number of turns.
D = pitch of the winding, that is, the distance between
the center of one wiree and the wmenter of the next.
b g nD.

A and B are constants depending on the spacing and the
nunber of turns.
The constants a, D and 4 are arbitary and were chosen as

follows:

a = 18" or 45.75 cm.

o
il

6" or 15.25 om.

d = s8ize of the wire or 1 mm.

Cince the loop is to be designed to tune to 550 meters
or 545 KC, the loop should have enough inductance Lo to
tune to 545 KC with the .0005 M.F. condenser all in.

Then from the formula for resonacne;

Lo =

1 - 1
-~ 42 LI 41F2x2545x 10552 X .0005x10°©

L, =170 x 107 hen. or 170 liercheneries.

~

This ¥alue of L is then substituted in equation (5)

~and the number of turns required found to be 186,



DETAILS OF CONSTRUCTICN.

The details of construction may be understood more
clearly from the warious photographs of the set than ean
be told by words. The copper box on the left hand side of
the set contains the oscillator. The purpose of building
tho_shiold is te prevent the oscillations from tthe
oscillator interacting with the rest of the set, It also
sdds to the selectivity in cutting out neerdby stations by

keeping keeping the eoils that would be likely to pick up
the interference shielded. This box is closed on all sides

and soldered. It has a tight fitting cover on top and small
holes in the bottom for the wiring. |

Most Super Heterodynes use a potentiometer across the
filiament battery and connect the grid return of the Inter-

mediate Frequency amplifier tubes to the slider. The
purpose of course being to prevent oscillations. By making
the grid of the tubes positve with respect to the filiament,
a curfent is caused to flow in the grid ciruit similarly te
the space current in the plate cireuit when the plate is
made positve with respect to the filiament. This current in
the grid circuit is not only due to the battery potential

but also due to the alternating E. M. F. superimposed on the
grid. This results in a loss in the grid circuit which stops

: 23
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escillations and of course reduces ampligication. iie

were prejudiced to the use of this lesser method of con-
trel and net to use it if possible for two reasons. First
it causes a reduction in amplification as axplained above

and sscond, by making the grid positite, the plate battery
consumption is inocreased consideradbly. Se in building

the super heterodyne the transformers were kept separated
as far as possible s0 as to prevent as much as possibdle,
reaction tending to cause oscillation. Alse the tube
sockets were placed in such a postion as to make the grid
and plate leads as shott as possible for the same reas#n.
However in spite of these precautions the set oscillated
strongly when first tried out. It was thought that possibly
the oscillations cauls be eliminated by mounting the trans-

formers all at different angles. (Originally they had all
been nounted up right in a straight line, separsted six

inches). Then also the witing came in fér its share of eor
criticiem. The set was wired up bird cage fashion, that is,

using bare wire, spearating the wires sufficiséntly so as not
to touch. It was thought that some eof the feed bake might be

eliminated if the battery wiring was dbunched together. Both
of these shhemes were tried and perhaps consitions were

better. However it still persisted in oscillating. It was
finally decided to put resistance on the secondary of the
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transformers. This accomplishes the same result as the
potentiometer only it does not increase the B battery
consumption. It was found that 125,000 ohms across each
secondary except the filter transformers which is left
unloaded was suffioient to stabilze the set. Of course
this cuts down the overall ampligication but the results
seemed to indicate that the amplification was sufficient.
Time was not had to make exhaustive DX. tests on this set.
/e spent one evening tuning in stations up to 1000 miles
radius with loud speaker volume.

This is good reception considering the fact that only a
18 inch loop was used and that it is in the summer when
the statioc is heavy. The set is very sharp in tuning.
Usually & station can be tuned sut with one division on the
dials.

The tonal qualities of the set are ¥ery good. This no
doubt is due to the choice of sudio frequency transfermers
and to the fact that the detectors use a C battery to bias
them Angative in place of grid leaks and condensers.

An attempt eas made to no&tralizo by putting small
capacity between the grids of adjacent tubes. Time was not
available for accurately balanchng thfao condensets but
results seemed to indicate that more ‘emplification may be

had if it 18 possible to properly neutralige and thereby



<6

eliminate some of the resistor load on the transformﬁrs‘

This is we bdlieve a new idea @88 regards super heterodynes
and would like to see this successfylly carried out in

the future.



Pictures of>Apparatus Used.

Apparatus Used for testing I. F. T.

Aigiratun Used for testing Audio F. T.
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PIGTURES OF SUPER HETERODYNE RECEIVER.
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The following are the

APPINDIX

Detalled Cost Of Set

used in the construction of the gset.

Quanity

Ll I

Part and Type Reference

Numbe
UX 105 Tubes
Panel 7*X 30*X 3/18"
General Radie X Soxkets

Rauland Lyrie Audie Transformers 13

Sampson Filter Transformer 7

Sempson Intermediaste Transformers 11

~eston Voltmeter 0 - 5 Volts 24
General Radio Rheostat 6 Ohms 8
General Radio Rheostat 25 Ohmse 8

General Radio Dials

Double Circuit Jacks 17&18

1 ¥.F. Condensers 1
Kresge Straight Line Frequency
Variable air Bondenser

Spool Litzendrat Loop wire

31

r

9

20

Price
Each

$2.25
4.92
«50

9.00

4.50
4.50
7.00
1.25
1.25
2.00

-50

.90

l.61
.90

prevailing 1ist prices of materials

Price
TOt&I .

$18.00
4.92
4.00

18.00

4.50
13,50

7.00
1.25

1.25
4.00
1.00
3.60

1.81
«90



Ruanity Part And Type

O H M O e H e

2% X 434 Fiber Tube
2y X2y ° .
Krecge Straight Line Frequency

Variable Air Condenser

Ref.No.

2
21&23

2

Chelton Midgit Condenser ,000045 £ 5

Filter Condenser ,001 m.f.

C Battery 43 Volt

Mahogany Cabinet 7 X 30
Subpanel Z°*X 9"X 20°*

Cutler Hammer Snep Switch
Binding post strip

Binding Posts For Loop

Total Cost Of Super Heterodyne

6
15

PRICE

EACH
$ .15

.15

1.61
75

TOTAL

$ .15
.15

l.61
.75
.40
.40

7.50
«50
.60
25
25

$96.09
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