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HARMONIC BADIATION FROM THE TYPE TUL TRANSMITTER

INTRODUCTION

This report describes an investigation of spurlous and harmonic
radiation from a Type TUI control tower transmitter. The investigation
was made at the request of the Office of Federal Airways.

Harmonics developed end emitted by the Type TUI trenemitter may
be attributed to the mechanical comstruction and esgsembly of the radio-
frequency (r-f) compartments and to the poor electrical design of the
r-f circults., Apparently not much attention was given to 1soletion of
the r-f circuits from power-supply camponents and circuirt wiring in this
trensmrtter.

A reduction of most of the spurious radiation, within the
frequency band from 88 to 160 megacycles (Mc), at distances of several
hundred feet from the transmitter was possible by making certain
modifications to the multiplier steges and to the antenne coupling circuit
and by improving bonding of the tremsmitter cabinet to the beck sover and
front panels,

The results obtaincd when a mode type of crystal oscillator
with a multiplier stege end a low-powered amplifier stage were substituted
for the crystal oscillator with the multiplier stages originally used
are also shown.

Considersble r-f leskage cmanates from the trensmitter cabinet
and is due primncipally to mechanical construction and assembly of the r-f
compartments. It is believed that redesign of these compartments would
be necessary to reduce the leakage to a negligible value. The present
layout and crowded condition of the exciter compertment meke it difficult
to effect any real Improvement in harmonic suppression, although the use
of an open-ended stub inserted in the cable feeding the antenmna reduced
the sccond harmonic to a low value after en r-f feed-through bushlng
was properly installed in the transmitter cabinet. The stub was one-
gquerter wavelength at the second harmoniec freguency,

EQUIPMENT

Pwo Type TUL trensmitters, Serial Noa., 26 and 227, were
furnighed for the tests. These tranemitters usually werk into a Type
CA-1350 antenns for communicetions between aircraft snd control towers.

A Type CA-135Q0 antenna wes available at the Center, esnd both transmitters
were tested in turn with this type of rediator.
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The freguency of the crystal furnished was 4929.17 ke. This was
multiplied 24 times through the verious r-f stages in the transmitter to
obtaln an output frequency of 118,3 Mc. The frequency of the crystal used
in the overtone oscillator tests was 59.150 Mc. The mode of the erystal
was not specified by the menufacturer. The frequency wes doubled in the
sccond section of a 12ATT ascillator-doubler stage and amplified by a
Type 2E26 tube, Fig. 1 is a block dfagram of the r-f portion of an
unmodified Type TUI transmitter. Fig, 2 shows 1n similar fashion the same
portion of the transmitter after 1t was modified to permit use of the
overtone oscillator,

A Stoddart field intensity meter wos employed to indicate the
magnitude of the spuriocus radiation reletive to the main cerricr
{requency, Field strength meassurements of harmonic radiation were
obtarned over the frequency band from 88 to 240 Mc.

HARMONIC FIELD STRENGTE MEASUREMENTS

During the initial tests of the unmodified transmitters,
strongest hermonic radietions within the bend measured et a distence of
800 feet were oboerved et frequencles of 157.7, 113,37, 123.23, 128,16,
and 138.46 Mc. A strong second hermonic of the carrier frequency (236.6 Mc)
was 1n evidence, and one of lesser inteneity at 197.132 Me. Both
trenemitters cxh.bited the seme harmonic redistion characteristics,

Transmitter No, 227 wes modificd to provide inductive couplang
between the doubler plate circuit and the tripler input circuit. The
tripler input circuit was resonated to the output frequency of the
doubler plate circurt, The lead connections between coil and tuning
capacitors end r-f bvy-pass condensers in the quedrupler and doubler
stages were shoriencd to permit the use of one variable tuning capacitor
in each plate circuit instead of two 1n series ae originally used,

During the course of early measurements of harmonic radiations,
1t wes noted that several harmonic frequencies (namely, 128,16, 138,016,
152,80k, and 157.7 Mc, and harmonic frequencies within the band from 88
to 10L Me) were nearly coincident with frequencics aseigned to other
services, and ell of these harmonic frequencies could be & peasible
source of interference up to distancges of suveral thousand feet under
favorable receiving condit.ons.

Further tests were conducted in the vicinity of the transmatter.
The ficld strength meter dipole was oriented to limit the maximum input
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to the instrument to epproxamately 100,000 v vhen the separation between
the transmitter entenna end the receiver dipole was approximately 45 feet.

The reletive strength of harmonic radietions and cerrier levuls
for the scveral distances from the transmitter are listed in Table I.
Alsa shown in Table I arce the conditions obtained when the TUI tranemitier
was terminated in a S52-ohm dummy lcad. The transmitter cabinct was found
to be hot when the durmmy load was uscd, end a considerable field of r-T
ncar the transmitter was observed even though all shislde end pancls were
1n place and scecurely fastened. The radiation from the cabinet seemed
to be strongest in the vicinity of the front pancls assogiated with the
power amplifier (PA) and excitor chassis,

The individual r-f stages were investigated, stoarting with the
PA stage and working back toward the quadrupler stage. Table II shows the
rcletive hermonic fields and cearrier strength for the PA and traipler
atoges, and it also shows the harmonic fields from the plate circuits of the
quadrupler and doubler stages.

Table TIT chows the results of attempte to minimize the harmonic
content of the first end second multiplier stages. The erystal cireuit
wos adjusted to function as an electron-coupled oscillator, and the plate
cireuit of the crystal stage was tuned to twice the crystal frequency.

The dravang power to the quedrupler grid (ccting as = doubler) was
decrensed until near zero grid current was indicated on the grid meter,
Under thesc conditlone, sufficlent driving power was aveilable to
succeeding stages to produce normel power cutput from the tronsmitter.

The driving power to the accond doubler grid could not be decreased to
any great extent without a reduction in output power from the trensmitter.

The tube sockcts of thce erystal stoge and first and second
doubler stages were i1solated from tho chassis to minimize the distributed
capaclty and leosses in the circuits and to provide a better tuning range
for the variable tank condensers., UNo decreasc 1n harmonic radiation was
apparent as a result of this medification.

The harmonic fields that radiasted from the unloaded transmittcr
were erratic and unetebls; and since some harmenle frequencies were
practically coincidcent wilth assipned frequencies of locel staticns,
con3lderable annoymnce and delay were encountercd in obtalning reasonably
nccurate measuremente, Sonmetimes & chaonge in cireuit components in the
transmitter would rcquire a different orientation of the field meter
dipole lor maximum plck-up of somc hermonic fields,



Fredquency CA-1350 Antenne Lead 52-0hm Load
Distance 800 Feet Distance k5 Feet Distence 12 Fest
Modifzed Ummodified Modified Unmodified Modified TUhnmodified
(megseycles)  (uv) (uv) (v) (uv) (uv) fev)
157.7 o 6 5 50 8e 500
152,804 o] 1 0.8 9 2 12
147.874 0 0 0 13 1 12
142,945 0 0.2 0 Y 1 7.5
138 016 1.5 1.5 10 5 12 12 27
133 087 0 0.5 0.5 0.8 0.9 3
128 16 0 1.8 1.4 20 0.8 80
123.23 0 3 0.75 55 0.3 5e
118 3 10,000 10,000 100,000+ 100,000+ 25,000 14,000
113.37 0 5.5 8 20 2.7 77
108.441 0 0.5 0.7 10 0.5 120
103.512 0 0 0.2 0.4 0.5 120
98.583 0 0 0.2 5.5 1.4 100
93.654 0 0 0 0
88.725 0 0 0 0
236.6 28 123 230 630 750

L

TAHLE 1

HARMONIC RADIATIONS OF A TYPE TUI TRANSMITTER
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TABLE II

BARMONIC RADIATIONS OF AN UNMODIFIED TYPE TUI TRANSMITTER, SERIAL NO. 26
WITH RECEIVER DIPQLE LOCATED FOUR FEET FRCOM TRANSMITTER

Frequency

(megacycles)
157.7
152,804
147,87k
1L2.945
138.016
133.087
128.16
123.23
118 3
113.87
108,443
103.512

98,583
93.654
88.725

236.6

PA Chessis Removed From Cebinet

Quadrupler
Stage
(microvolts)

14

1
30
1z
25

8
24

5

30

Doubler

Stage
(microvolts)

15
N
35
15
120
22
L3
1h

50

25

3.5

Tripler
Stage
(microvolts)
150
2.5

10

20
10, 000
15
37

18

PA Stege
Unloaded

(microvolts)
L70
12
35
0.5
2>
p)
13
2
6,500
2
L2
Not measured
Hot measured
Not measured

Not measursd
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TABLE IJI
HARMONIC RADIATIONS OF A MODIFIED TYPE TUI TRANSMITTER, SERIAL NO. 227

WITH RECEIVER DIPQLE LCCATED FQUR FEET FROM TRANSMITIER
AND PA CHASSIS REMOVED FROM CABINET

Frequency Quadrupler Stage Doubler Stage With Tripler
Gr:d Current Neer Zero Tripler Stage Inoperative Stage
(megacycles) (microvolts) (microvolta) (microvolts)
157.7 0 T0 32
152.80k4 0.7 15 Interference
147.874 e 5 16
142,945 1.3 24 22
136.016 0.3 26 16
133.087 0 3 5
128.16 0 0.1 12
123.23 0 3 L.y
118.3 0 18 12,000
113.37 0 T.5 32
108,40 ) 1 10
103.512 0 Interference Interference
08.583 0 Interference Interference
93.654 Interference Interference Interference

88.725 Interference Interference Interforence
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Cleaning the inner surfoces of all front panels, the front and
rear surfaces of the cabinet, and inner surfaces of the rear shield to
provide metal-to-metal contact between panels, shield, and csbinet provided
more stable field conditions but did not reduce local redistion from the
cabinet eppreciably

Teble IV indicates the extent to which the harmonic fields were
reduced when the tranaemitter cabinet was completely enclosed in a metal
cege with all stages operating normally under no-output-load and dummy-load
conditions. While the metal cage effected some reduction in stray harmonic
fields under dummy-loed conditions, 1t was of little practical value when
the transmitter antenne was located in the irmediamte vicinity of receiving
eguipment,

After completion of the tests outlined above, a few tests were
conducted using a mode type of crystal oseillator operating on a frequency
of 59.15 Me.

The combination oscillaotor and frequency-multiplier shelf in the
modified transmitter wos removed and replaced by e new one on which the
combination of e mode type crystol oscillator, frequency doubler, and
r-f amplifier had been installed. The plate tank of the Type 815 frequency
tripler originally employed hecame part of o link circuirt used to couple
r-f energy from the plate of the Type 2E26 amplifier tube to the grids of
the Type 829-B power amplifier,

No changes were made in the tronsmitter other than those
previously mentioned: (1) r-f grounds were made directly to the chassis,
(2) the ontenne relay was removed and the associnted required changes were
mede, and (3) the outer r-f conductor of the transmisaion line was
well-bonded to the cabinet by means of a feecd-through bushing.

When tuning, some pulling of oscillator frequency was noted
but no tendency of the oscillator to operate on a lower mode was evident.
The pulling of oscillator frequeney (less thon 10 ke at 118.3 Me) could
probrbly have been reduced by slight changes in circuitry.l»2,3 A rough
check of the output freguency of the tronsmitter showed it to be

lGeorge H. Lister, "Overtome Crystal Oscillator Design,"
Electronice, Nov. 1950, p. 88,

ZRdward P Tilton, "Ovcrtome Crystal Oscillotor Circuits," QST,
April 1951, p. 56.

3F. G. R. Rockstuhl, "A Method of Anclysis of Fundomental and
Overtone Crystal-Oscillator Circuitse,” The Proceedings of the Institute of
Electrical Engineers, Nov. 1952, p. 377.
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TABLE IV

HARINMONIC RADIATIONS OF A MODIFIED TYPE TUI TRANSMITTER, SERIAL NO. 227
WITH RECEIVER DIPOLE LOCATED TWELVE FEET FROM TRANSITTER

Frequency

(megacycles)
157.7
152,80k
147.874
142,945
138.016
133.087
128,16
123.23
118.3
113.37
108 L
103.512

98.583
93.654
88 725

236.6

Transmitter Unloaded

No Cage
{microvolta)
65
1.2

0
1.25

18

0.4
1,100
0.k
1.25
1.0
Interference
Interference

Interference

600

Cage

(microvolts)

9

2
0.2

0.75

l.2

700

0.2

Tranemitter Loaded

No Cage Load External
to Cage
(microvolts) (microvolts)
190 12
3 1.75
1.7 0
1.5 0
16 12
2.2 0.k
0.6 0
1.6 0
11,000 240
1 0
1.2 o
0.3 0
0.2 0
Interference 0
Interference 1.5
750 10
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approximately 118,30 Mc instead of the desired 118.30 Mc Inasmuch as the
object of this investigation wes to test the possibility of using e mode
type of crystal oscillator to reduce the spurious and harmonic radiation of
the Type TUI transmitter, no attempt wes mede to correct the frequency by
modifying the circuits.

As explained in references, 1s2»3 initially establishing the
correct frequency of the oscillator is a requirement of the mode type of
osclllator. Experience with this and other mode type oscillators of the
same kind Indicates that the solution lies in proper selection of componcnts
and 1n meintaining certain relations between the inductance, capacity, and
coupling of the various circuits. Frequency stability mey exceed that of
conventional crystel osecillators 1f due attention 18 paid to the temperature
coefficient of the various components.

Table V indicates the meocsurements of field etrength of the
spurious and of the desired signels emitted by the ummodified transmitter
and the tronsmitter modified to use the mode type crystol oscillator. For
purpege of more cccurate compearison, these measuremente were made on the
same day. No electrostcoctic shield on the bottorm of the PA chassis was
used during any of these tests.

The field-strength reading of Q.75 microvolts at 133 Me in the
modified transmitter was found to be £ spurious oseillation originating
in the crystal-oscillator plote circuit.

Additional meacsurencnts of fileld strength were made at ¢ dastencse
of 800 feet from the transmitting antennc, These are shown in Table VI.

The signels observed ot approximately 151, 153, 163, 202, 208,
and 213 Mc are not 59-Me nmultiples of tho mode type »f crystal frequency nnd
their source is unlmown. Inasnuch as the 151-, 153-, and 163-Mc signals
werc also observed while testing the unmodificd transpitter, 1t as
pegsible that they represent bect frequencies between the fundementnl or an
hornonie of the 118.3-Mc output of the transmitter and scne other source
of r-f such o8 a receiver oscilleotor or another transmitter. In every
cose the unexplained signel disoppeared when the plate voltage of the TUI
tranaenitter wos cut off; but thas, of course, would be expected if the
couse Oof the signnl was cather a beat between the 118.3-Mc output of the
transmitter and some external r-f source or o spurious saignal generated in
some part of the modified Type TUI transmitter  Additional tests conducted
In o shielded room would elininate any spurious signcls caused by beats
between the transmitter and zn external source.
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TABLE V

EVALUATTION OF TUI TRANSMITIER WHEN DRIVEN WITH A MODE CRYSTAL OSCILLATOR UNIT

Approximate Modified TUI Unmodified TUI
Frequency
(megacycles) (microvolts) (microvolts)
89.5 0 28.0 (harmonic)
gk.5 0 5.0 (harmonic)
99.0 0 150.0 (harmonic)
104.5 0 25.0 (harmonic)
109.5 0 70.0 (harmonic)
11h.0 0 75.0 (harmonic)

118.3 90,000 (fundemental) 60,000,0 (fundamental)

124.0 0 50.0 (hermonic)
128 0 320,0 (harmonic)
130 0 0.5 (source unknown)
123 0.75 (parasitic) 1.25 (source unknown)
134 0 120.0 (harmonic)
136 0 270.0 (hermonic)
1k 0 4o.0 (harmonic)
148 0 70.0 (harmonic)
151 1 {source imknown) 3.5 (source unknown)
153 0.5 (source unknown) 380.0 (harmonic)
158 0 350.0 (harmonic)
163 3 (source unknown) 30.0 (harmonac)
TT.5 10 (harmonic) Not measured
198 0 700.0 (harmonic)
202 1.5 (source unknown) Not measured
208 1.5 (source unknown) Wot measured
213 1.0 (source unknown) Not measured
236.6 2,000.0 (harmonic) 37,000.0 (harmonic)}

NOTE* The dipole used with the field-strength meter was 6 feet above

ground The TUI transmitter opereting inteo CA-1350 transmitting antemns was
25 feet above ground, the receiving dipole wes L5 feet horizontal distance
from transmitting antenna, and the field-strength meter was 10 feet fron
TUI transmitter.
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TABLE VI

EVALUATTION CF TUI TRANSMITTER WHEN DRIVEN WITH A MODE CRYSTAL OSCILLATCR UNIT

Frequency Modified TUI Unmodified TUIL
{megacycles) (microvolts) (microvolts)
118.3 7,500 5,900
236.6 T 60
236,6% 7 18
230, 6%% 0.7 Not checked

*The quarter-wave atub at 236.6 M¢ was inserted in the antenna
Teed line at the tramsmitter.

**The length of the trensmiesion line to the antenna was adjusted
for mex mum reduction of the 236.6 Mc harmonic. The quarter-wave stub at
236.6 Mc was located between the phassr and the transmitter.

NOTE: The TUI into CA-1350 tramsmitting entemma was 25 feet above ground.
The field-strenzth meter was located 800 feet horizontally from the
trensmitting sptenna. The dipole of the field-strength meter wes 6 feet
above ground.

CONCLUSIONS AND RECOMMENDATIONS

A. Hermonic radiations from the TUI transmitter are caused by the
following

1. Strong hermonie fields from the first end second multiplier stage
which employ tubes unsuiteble for their present application.

2 Stray coupling between the tripler stage z2nd the second multiplier
stage becausac of proximity of the circuit components, the power-supply
wiring, snd the meter-switch connections.

3. Excessive coupling betwecn tripler plate circuit and power-amplifaier
grid circuit.
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4. Leakege from the transmitter cabinet due to insufficient bonding
between the transmitter cabinet end other surfaces such as the panels of
the chassis of the exciter and PA where peint prevents electricel contact.

5. Mechaniecal discontinuitiea between the various chassis and thelr
respective panels, and between the panels themselves.

6. Insufficilent bonding due to paint between rear surfaces of the
cabinet and the rear cover.

. The presence of r-f currents on the outside of the coaxial
transmiseion line leading to the entenna.

B. The spurious harmoni¢ radietion of the Type TUI transmitter can be
reduced but probebly not completely eliminated between 85 and 160 Mc by
performing the following operations:

1. Modifying the doubler plate circuit and the tripler grid circuirt
to prov.de inductive coupling betwcen these stages.

2. Adjusting the center top on the new traipler grid ceoll to obtain
equal grid r-f voliage on the tripler grids.

3. Providing negative bies of L5 volts plus 12,500 ohms of bias
resistor for the trapler gride. (An r-f choke may be used between the
center tap on the grid coil cnd the bies resistor.)

L., Adjusting coupling between the doubler plete coil and tripler
grid ecil so that grid current is limited to approzimately one-half
milliampere (ma).

5. Adjusting coupling to the guandrupler stage so that its grid
current will be about 0.1 mn.

6. Adjusting coupling to the doubler stage so thet its grid current
will be between 0.2 and 0.3 ma.

7  Shortening the r-f comnecting leads botween tuning condensers,
coils, ond by-pass condensers as much as possible in the gquedrupler,
doubler, and tripler stages.

8. Connecting all r-f grounds directly to o cleaned surfece on the
chassis.

9 Installing an electrostaotic shield on the bottom of the PA
chassis to reduce capacitive couplang between the tripler plate and PA
grad circuits.

10. Removing all peint from the back surfaces of the front panels,
the incide aurfoce of the rear cover, and the cabinet surfaces where paint
prevents dircet metal-to-metal contact between these items.

11. Providing a feed-through bushing clectricnlly bonded to the
cabinet for r-f output from the transmitter,
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C. A mode-type cryatal oscilletor can also be used to reduce the number
of spurious radiations from a transmitter of the TUI type.

D. Reduction of spurious harmonic radiations between 85 end 160 Mc from
& Type TUI transmitter operating on 118.3 Mc 1s simplified wher 2 mode type
of crystal oscillator opsrating on 59.15 Mc is used beceuse:

1 The only harmonic which is present 1e on the same frequency as the
desired output of the transmitter.

2. Cleaning paint from certain areas of the cabinet and penels ia not
neceseary.

3. DNone of the operations given in i1tems 1 through 6 under the
foregolng seetion B apply to the mode type oscillator,

E. The second harmonic of the carrier frequency can be greatly reduced by
installing a stub one-quarter wavelength long at the harmonic frequency in
the coaxial cable feceding the antenna. To be moat effective, the line
should be meatched after the stub is installed. The r-f feed-through
bushing should be mounted in the cebinet as mentioned =above,

F. The entenna relay should be eliminated and the coaxial cable feeding
the antennn terminated es closely £s posgible to the center conductor of
the output coupling loop to improve the efficiency ond operation of the
output circuit.
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