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HAHMONIC HADIATION FROM THE TYPE TCI TRANSMITTER 

INTR7DHCTION 

This report describes en investigation of spurious and harmonic 

1 
radiation from a Type TCI control tower transmitter. The lnvestlgation 
WBB made at the request of the Office of Federal Airways. 

I 
Hermonlcs developed end emltted by the Type TUT tranemltter may 

be attributed to the mechanical construction and assembly of the radio- 
frequency (r-f) compartments and to the poor electrscal design of the 

1 r-f circuits. Apparently not much attention was given to lsolatlon of 
the r-f clrcults from power-supply components and clrcult wiring m this 
tranomltter. 

1 
A reduction of most of the spur~.ous radmtlon, within the 

frequency band from 88 to 160 megacycles (MC), at distances of several 
1 hundred feet from the transmitter was possible by making certain 

modifications to the multIplier stages and to the antenna coupling circuit 

t 
and by improving bonding of the transmitter cabFnet to the back Dover and 
front panels. 

i 
The result8 obtained when a mode type of crystal oeclllator 

with a multipljer stage and a low-powered empllfier stage were substituted 
for the crystal oscillator with the multiplIer stages origlnslly used 
are also shown. 

ConBlderable r-f leakage emanates from the transmitter cabinet 
end is due principally to mechanxal construction and assembly of the r-f 
compartments. It is believed that redesign of these compartments would 
be neceseary to reduce the leakage to a negligible value. The present 
layout and crowded condltlon of the exciter compartment make it diffxult 
to effect any real improvement mtirmonic suppression, although the ufie 
of an open-ended stub lnaerted In the cable feeding the antenna reduced 
the second harmonic to a low value after en r-f feed-through bushing 
was properly installed in the transmlttsr cabinet. The stub WRB cne- 
quarter wavelength at the second harmonic frequency, 

EQUIPMENT 

Two Type TUI transmitters, Serial Nos. 26 and 227, were 
furnished for the tests. These tranemltters usually work into a Type 
CA-1350 antenna for communxatlons between aircraft and control towers. 
A Type CA-135C antenna wae available at the Center, and both transmitters 
were tested ln turn with this type of radiator. 
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The frequency of the crystal furnished w&e 4929.17 kc. This was 
multiplied 24 times through the var~oua r-f stages in the transmitter to 
obtaFn an output frequency of l18.3 MC. The frequency of the crystal used 
in the overtone ooclllator tests was 59.150 MC. The mode of the crystal 
was not specified by the manufacturer. The frequency was doubled in the 
second sectlon of a 12AT7 oscillator-doubler stage and. empllfied by a 
Type 2~26 tube. Fig. 1 ie a block diagram of the r-f portlon of an 
unmodlfxd Tpe TUI transmitter. Fig. 2 shows In sxmllar fashion the same 
portion of the transmitter after it w&8 modlfled to permit u8e of the 
overtone oscillator. 

A gtoddart field Intensity meter wa8 employed to indicate the 
m‘gnitude of the spurious radiation relative to the main carrlor 

I frequency. Field strength measurements of harmonic radiation wore 
obtamed over the frequency band from 88 to 240 MC. 

HARMONIC FIELD PTRENGTE NJ!XSmN'PS 

During the xmtxLt tests of the unmodifxd transmitters, 
/ strongest harmonic radlatlons wlthin the band measured at a distance of 

8CO feet were obnerved at frequencies of 157.7, 113.37, 123.23, 128.16, 
and 138.46 MC. A strong second harmonic of the carrier frequency (236.6 MC) 

I wa8 In cvldenoe, end one of lesser intensity at 197.132 MC. Both 
transmitters cxh,bited the same harmonic radiation characterlatxs. 

I Trensmlttcr No. 227 was modlflod to provide xxductlve COupllng 
bctwoen the doubler plate circuit and the trlpler input clrcult. The 
trlpler Input clrcu1.t was resonated to the output frequency of the 
doubler plate clrcult. The lead connections between co11 and tuning 
capacitors and r-f by-pass condensers In the quadrupler and doubler 
stages were shortened to permit the u8o of one variable tuning CapaCltor 
in each plate circuit Instead of two In 8er'1e8 a~ orIginally used. 

Durx-g the course of early measurements of harmonx radiatlons, 
It was noted that several harmonic frequencies (namely, 128.16, 138.016, 
152.804, and 157.7 MC, and harmonic frequencies wlthln the band from 88 
to 104 MC) were nearly coincident with frequencies as6lgned to other 
8ervxo8, and all of theee hermanx frcquencles could be a possible 
source of Interference up to dlotanceb of aLvera thousand feet under 
favorable receiving conditlom. 

Further tests were conducted in the vicinity of the tranamltter. 
The field strength meter dipole wa8 oriented to llmlt the maximum Input 
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to the Instrument to approximately 100,000 rv when the Separation betwoon 
the trFLnbmltter antenna end the receiver &pole was approxmately 45 feet. 

The relatlvo Strength of harmonx x-adz&ions and csrr~r levels 
for the soversl alstances from the transmitter are listed xi? Table I. 
Also shawa in Table I are the conditions obtained when the TUI transmitter 
was term!nated in e 32-ohm dummy load. The transmlttcr cablnct was found 
to be hot when the dummy load was used, and a considerable field of r-f 
ncxu- the transmlttor wan observed exn though all shlclds end panels were 
In place and. Securely fastened. The radlattlon from the cabinet seemed 
to be strongest In the vlclnity of the front panels associated with the 
power smpllfler (PA) snd excltor chassls. 

I The mndlvldual r-f stages were lnvestlgated, stnrtlng with the 
PA stage and worktng back towsxd the quadrupler stage. Table II Shows the 
rclatlvs harmonic fields and csrr~er Strength for the PA and trlpler 

, stages, nnd it also shows the hsrmonx fields from the plate C1rcultS of the 
quadrupler and doubler Stages. 

Table III ohows the results of attempts to nmnxm~z~ tha harmonx 
contmt of the fxrst and Second mult3pl;er stages. The crystal clrcult 
was ELdJusted to fun&Ion es an electron-coupled oscillator, and the plate 
clrcult of the crystal stagC was tuned to twxe the crystal frequency. 
!&e drlvlng powcr to the qucdrupler grid (xtlng as a doubler) was 
decreased until near zero grid current waS lndlcated on the grid meter. 
Under those conddltionc, sufficient driving power was avaIlable to 
succcedlng stages to produce normal pour output from the transmitter. 
The driving power to the second. doubler grid could not be decreased to 
any great extent without a reduction in output power from the trensmltter. 

The tube sockets of the crystal stage and first and oecond 
doubler stages were lsolatcd from the chassx to mlnlmlzc the dlstrlbuted 
capacity and losoes in tho circuits and to provide a better tuning range 
for the varlablc tank condensers. No decreaoo m harmonx radlatlon was 
apparent a~ a result of thx mod~f~cnt~on. 

The harmonx fields that radiated from the unloaded transmitter 
were erratic and unstable; and smco some harmonic frequencies were 
practically coincrdcnt with asslgncd frequencies of local statIons, 
considerable arnoyance and delay were encountered In obtammg reasonably 
accurate measurements. SometFmes a change In circuit components ~II the 
transmitter would require a different orLontatlon of the field mster 
hpolo for maxurlmum pick-up of Some hormonx fields. 
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EABMONIC RADIATIONS OF A TYPE TUI TRAXSMITPER 

Frequency CA-1350 Ju-ltenne Load 52-ohm Load 

Dmtsnce BOO Feet Dlstence 45 Feet Dlsttmce 12 Feet 

Modif:ed 
(megacycles) (PV) 

157.7 

152.804 

147.874 

142.945 

138 016 

133 087 

12@ 16 

123.23 

ne 3 

113.37 

108.441 

103.512 

98.583 

03.654 

88.725 

236.6 

0 

0 

0 

0 

1.5 

0 

0 

0 

10,wo 

0 

0 

0 

0 

0 

0 

28 

IJrmodlfxd Modlfled 
w (PI 

6 5 

1 0.8 

0 

0.2 

1.5 

0.5 

1.8 

3 

10,000 

5.5 

0.5 

0 

0 

0 

10 5 

0.5 

1.4 

0.75 

100,000+ 

8 

0.7 

0.2 

0.2 

0 

0 

123 230 

Unmodlfled Modified 
(p4 (pv) 

50 ae 

9 

13 

4 

2 

1 

1 

12 

0.9 

0.8 

0.3 

25,000 

2.7 

0.5 

0.5 

1.4 

12 

0.8 

20 

55 

lOO,OOO+ 

20 

10 

0.4 

5.5 

0 

0 

630 750 

Unmodified 
&VI 

500 

12 

12 

7.5 

27 

3 

80 

52 

14,000 

77 

120 

120 

100 
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TABLE II 

HARMONIC FUiDIATIONS OF AN uNMODJ.PED TYPE TUI TRANSMITlER, SERIAL NO. 26 
WIlBRECE~DIPQLELOCAEXJ FOUR FEETFFGM !I!RANSMITTER 

Frequency PA Chassis Removed From Cabinet 

(megacycles) 

157.7 

152.804 

147.874 

142.945 

138.016 

133.087 

128.16 

123.23 

118 3 

113.87 

100.441 

103.512 

98.583 

93.654 

89.725 

236.6 

Quadruplsr Doubler 
stage stw 

(mxrovolte) (mcrovolte) 

14 15 

4 1 

30 

12 

55 

8 

24 

5 

30 

5 

a 

3 

35 

2 

1 

35 

15 

120 

22 

43 

14 

50 

3 

3 

1 

25 

0 

3.5 

Tr1pler 
stage 

(mcrovolts) 

150 

2.5 

10 

a 

50 

9 

25 

20 

10,000 

15 

37 

18 

1 

1 

PA Stage 
Unloaded 

(microvolte) 

470 

12 

35 

0.5 

25 

5 

13 

2 

6,500 

5 

42 

Not measured 

Not meaeured 

Not measured 

Not meamrad 
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TABLE III 

WONIC RADIATIONS OF AMODIFIED TYPF+TUI !QUNSMITl!ER, SWIAL NO. 227 
WITERFXEIVERDIPOLELCCATED FOURFEETFROM TRANSMITIXR 

AND PA CHASSISREMOVED FROMCABINET 

Frequent y 

(megacyclea) 

157.7 

152.804 

147.874 

142.945 

136.016 

133.087 

128.16 

123.23 

118.3 

113.37 

108.441 

103.512 

98.583 

93.654 

88.725 

Quadrupler Stege Doubler Stage Wjth Tripler 
Grid Current Near Zero Trxpler Stage Inoperative stage 

(mlcrovolts) 

0 

0.7 

2 

1.3 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

Interference 

Interference 

(muxovolte) 

70 

15 

5 

24 

26 

3 

0.1 

3 

la 

7.5 

1 

Interference 

Interference 

Interference 

Interference 

(microvolts) 

32 

Interference 

16 

22 

16 

5 

12 

4.7 

12,000 

32 

10 

Interference 

Interference 

Interference 

Interference 
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Cleaning the inner surfocee of all front panels, the front and 
rear eurfaces of the cabinet, and Inner surfaces of the rear shield to 
provide metal-to-metal contact between panels, shield, and cabinet provided 
more stable field condltlons but did not reduce local radiation from the 
cabinet appreciably 

Table IV indicates the extent to which the harmonic fields were 
reduced when the trdnamitter cabinet wae completely enclosed in a mete.l 
cege with all stages operntlng normally under no-output-load and dummy-load 
conaltlme. While the metal cage effected come reduction m stray harmonic 
fields under dummy-load cdition~, it wae of little practical value when 
the trazemitter antenna wee located in the immediate vicinity of receiving 
equipment. 

After completion of the test8 outlined above, a few tests were 
conducted using a mode type of crystal osclllntor operating on a frequency 
of 59.15 MC. 

The combination oscillator and frequency-multiplier shelf in the 
modified trassmltter was removed and replaced by e new one on which the 
comblnntlon of a mode type crystal oecillator, frequency doubler, and 
r-f emplifler hod been installed. The plate tank of the Type 815 frequency 
tripler origlnally employed became part of a link circuit used to colxle 
r-f energy from the plate of the Type 2~26 amplifier tube to the grids of 
the Type 829-B power ampllfler. 

No changes were made in the trnemitter other than thoae 
previously mentioned: (1) r-f grounds were made directly to the chaseie, 
(2) the antenna relay wae removed ad the associated required changes wore 
mcde, and (3) the outer r-f conductor of the transmiseion line was 
well-bonded to the cabinet by menne of n feed-through bushing. 

When tunmg, home pulling of oecillotor frequency was noted 
but no tendency of the ooclllator to operate on a lower mode wee evident. 
The pulling of oscillator frequency (less then 10 kc zt 118.3 MC) could 
probcbly have been reduced by slight changes in c~zctitry.l,2~3 A rough 
check of the output frequency of the trcnemitter showed it to be 

lCeorge E. Llster, "Overtone Crystal Oaclllator Design," 
Electronics, NOV. 1950, p. 88, 

2EdwnrdP Tilton, "Overtone Crystal Oscillator Circuits," QST, 
April 1951, p. 56. 

3F. G. R. RockstuN, "A Method of Analysts of FundnmentdL and 
Overtone Crystal-Oeclllotor Circuits," The Proceedings of the Inetltute of 
Electrical Engineers, Nov. 1952, p. 377. 
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TABLE IV 

HARlONIC RADIATIONS OF A MODIFIED TY-PE TUI TFIANSMI!BXR, SERIAL NO. 227 
WI!I!H'Ch'IV3BDIF'OLELCCATED !l%iXLVEFEETFROM TRANSIITPER 

Frequency 

(megacycles) 

157.7 

152. a04 

147.874 

142.945 

138.016 

133.087 

128.16 

123.23 

118.3 

113.37 

108 441 

103.5l2 

98.583 

93.654 

@?i 725 

236.6 

Transmitter Unloaded Transmitter Loaded 
No Cage 

(mlcrovolts) 

65 

1.2 

0 

1.25 

18 

2 

0 

0.4 

1,100 

0.4 

1.25 

1.0 

Interference 

Interference 

Interference 

&xl 

Cage No Cage 

(microvolts) (microvolts) 

9 190 

2 3 

0.2 1.7 

0.75 1.5 

1.2 16 

0 2.2 

0 0.6 

0 1.6 

700 11,000 

0 1 

0.2 1.2 

0 0.3 

0 0.2 

0 Interference 

0 Interference 

9 750 

Load External 
to Cage 

(microvolts) 

12 

1.75 

0 

0 

12 

0.4 

0 

0 

240 

0 

0 

0 

0 

0 

1.5 

10 
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approximately 118.38 MC indead of the desired 118.30 MC Inasmuch a~ the 
object of this investigation wae to test the poseibility of using a mode 
type of crystal oscillator to reduce the spurious and harmonic radiation of 
the Type TUI transmitter, no attempt was me& to correct the frequency by 
modifying the circuits. 

As explained ti references, 1,293 initially establishing the 
correct frequency of the oscillator is a requirement of the mode type of 
oscillator. FXperlence with this and other mode type oscillators of the 
same kind indicates that the solution liea in proper eelection of component6 
and m maintaining certain relations between the mnductance, capacity, end 
coupling of the various circuits. Frequency stability may exceed that of 
convcnt;onal crystal oscillators if due attention 1.8 paid to the temperature 
coefflclent of the various components. 

Table V indzcates the mecaurements of field strength of the 
spurious and of the desired signals emlttcd by the unmodified transmitter 
and the transmitter modified to use the mode type crystal oscillator. For 
purpooe of more cccuuate comparieon, these menswcments were nde on the 
oome day. No electrostctic shield on the bottom of the PA chsesis was 
used during any of these tests. 

The field-strength reading of 0.75 microvolts at 133 MC in the 
modified trcnemtter wa8 found to be a spurious oscillation originating 
in the cryetal-oscillator plate circuit. 

Additional mensuremcnts of field strength were node at c distance 
of 800 feet from the transmittmg antecnc. These ore shown in Table VI. 

The signals observed at approximately 151, 153, 163, 202, 208, 
and 213 MC are not 59-Mc multiples of the mode type of cryntol frequency and 
them source is urdkaown. Ina8nuch .aa the 151-, 153-, and 163-MC signals 
were also observed while testing the urmodlficd trannsnitter, it 1s 
possible that they represent beet frequencies between the fundanentol or an 
harnonnlc of the 118.3-Mc output of the trannenitter and Bone other source 
of r-f such CD a receiver oscillator or another transmitter. In every 
case the unexplained sigocl disappeared when the plate voltage of the TUI 
trmenitter was cut off; but this, of course, would be expected if the 
cause 3f the sigccl was either a beat between the 118.3-MC output of the 
transnitter and aone external r-f source or a spurio~us s1gno.l generated in 
some part of the xoddlfied Type TUI transmitter Additional tests conducted 
in a shielded room would eliminate any spurious signals caused by beats 
between the transmitter and cn external source. 
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TABLEV 

Approxunate 
Frequency 

(megacycles) 

89.5 
94.5 
99.0 

104.5 
109.5 
114.0 
118.3 
124.0 
128 
130 
133 
134 
139 
144 
148 
151 
153 
158 
163 
177.5 
198 
202 
208 
213 
236.6 

Modified TKI Unmodified m 

(microvolts) 

0 
0 
0 
0 
0 
0 

go, 000 (fundemental) 
0 
0 
0 
0.75 (parasitx) 
0 
0 
0 
0 
1 
0.5 
0 
3 

10 
0 
1.5 
1.5 
1.0 

2,000.0 

(source llrklown) 
(source unknown) 

(source unhewn) 
(harmonic) 

(source unhmm) 
(source mhown) 
(source unbnown) 
(harmonic) 

(microvolts) 

28.0 (harmonic) 
5.0 (harmonic) 

150.0 (harmonx) 
25.0 (harmonic) 
70.0 (harmonic) 
75.0 (harmonx) 

60,OOO.O (fundamental) 
50.0 (harmonx) 

320.0 (harmonic) 
0.5 (source unknown) 
1.25 (source morn) 

120.0 (harmonic) 
270.0 (hmonic) 

40.0 (harmonic) 
70.0 (harmonic) 
3.5 (Bocrce unknown) 

380.0 (harmonic) 
350.0 (harmonx) 

30.0 (harmonx) 
Not neaswed 

700.0 (harmonic) 
Not measured 
Not measured 
Not meaeured 

37,000.0 (harmonic) 

NOTE * The dipole used with the field-strength meter was 6 feet above 
ground The TUI tr?&wutter oneratlng Into CA-1350 transmitting antema wan 
25 feet above ground, the recelvlng dipole was 45 feet horizontal dletance 
from transmitting antenna, and the field-strength meter was 10 feet from 
TIJI transnltter. 
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TABLE VI 

EVALrJATION OF TUI TRANSMITTER WHEN DRIVEN WITg A MODE CRYSTAL OSCILLATCR UNIT 

Frequency Mad~?ied TDI 
(megacycles) (mlcrovolte) 

118.3 7,500 

236.6 7 

236.6-x 7 

236.6~ 0.7 

Unmodified TUT 
(microvolts) 

5,900 

60 

18 

Not checked 

*The quarter-wave stub at 236.6 MC was inserted in the antenna 
feed line at the transmitter. 

HThe length of the transmission line to the antenna was adjusted 
for maximum reduction of the 236.6 MC hanaonlc. Tne quarter-wave stub at 
236.6 MC wee located between the phaaer and the transmlttor. 

NOTE: The M Into CA-1350 transmlttmg entenna was 25 feet above ground. 
The field-strength meter was located 800 feet horizontally from the 
trensmltting antenna. The dipole of the field-strength meter was 6 feet 
above ground. 

CONCLUSIOXS AND RECOMMElfDATIONS 

A. Hszmonrc radiations frcrm the TUI transmitter are caused by the 
following 

1. Strong harmonic fields from the first and second multiplier stage 
which employ tubes unsuitable for their present application. 

2 Stray coupling between the trlpler stage and the second multiplier 
stage bec3usc of proximity of the circuit components, the power-supply 
wing, and the meter-switch connections. 

3. Excessive coupling between trlpler plate clrcult and power-amplifier 
grid circuit. 
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4. Leakage from the transmitter cabinet due to insufficient bonding 
between the transmitter cabinet and other surfaces such as the panels Of 
the chaseis of the exciter and PA where paint prevents eleCtriCEd Contact. 

5. Mechanical discontmuities between the various chassis and their 
respective panels, and between the panels themselves. 

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

7. The presence of r-f currents on the outside of the coaxial 
transmission line leading to the antenna. 

B. !ihe spurious harmonic radiation of the Type TUI transmitter can 3s 
rcduccd but probably not completely eliminated between 85 and 160 MC by 
pcrformlne, tho following operations: 

1. Nodifying the doubler plate circuit end the tripler grid circuit 
to provzde inductive coupling between these stages. 

2. AdJustmg the center tap on the new triplcr grid coil to Obtain 
equal grid r-f voltage on the tripler grids. 

3. Providing negative bias of 45 volts plus 12,500 ohme of bias 
resistor for the tripler grids. (An r-f choke may be used between the 
center tap on the grid coil and the b:cs resistor.) 

4. Adjusting coupl:ng between the doubler plate coil and trlpler 
grid coil so that grid current is limited to approximately one-half 
nillismpere (ma). 

5. Adjusting coupling to the quadrupler stage 80 that its grid 
current will be about 0.1 ma. 

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

7 Shortenmg the r-f connecting leads between tuning condensers, 
coils, and by-pass condensers as much os possible in the qundrupler, 
doubler, and tripler stages. 

8. Connecting al.1 r-f grounds directly to a cleaned sw?fcce on the 
chassis. 

9 Installing an eloctrootatlc shield on the bottom of the PA 
chassis to reduce capnccltivo coupling between the tripler plate and PA 
grid circuits. 

10. Removing all paamt from the back surfaces of the front panels, 
the inside aurf'ace of the rear cover, and the cabinet surfaces where paint 
prevents direct metal-to-metal contact between these items. 

11. Providing a feed-through bushing electrically bonded to the 
cabinet for r-f output from the transmitter. 
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C. A mode-type crystal oscillator csn also be used to reduce the number 
of spurious radiations from a transmitter of the TIJI type. 

D. Reduction of spurious hsrmonrc radratlons between 85 and 160 MC from 
a IPne TUI transmitter operating on 118.3 MC 1s slmplifled when a mode type 
of crystal oscillator operating on 59.15 MC is used because: 

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

2. Clesnlng paint from certain areas of the cabinet and panels is not 
necessary. 

3. None of the operations given in items 1 through 6 under the 
foregolng scctlon B apply to the mode tyDe oscillator. 

E. The second harmonic of the carrier frequency can be greatly reduced by 
lnstalllng a stub one-quarter wavelength long at the harmonic frequency in 
the coaxml cable foeding the antenna. To be most effective, the lyle 
should be matched after the stub is installed. The r-f feed-through 
bushing should be mounted in the cabmet as mentioned above. 

F. The antenna relay should bc ellmlnated and the coaxial cable feeding 
the antenna termxxked as closely as poselble to the center conductor of 
the output coupling loop to improva the efflcrency and operat.tlon of the 
output circuit. 
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