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IMPROVEMENTS IN GLIDE PATH TRANSMITTERS 

SUMMARY 

The &de path transmltterwhlchis part 
of the CAA Instrument landmg system operates 
mthe frequency region of 335 MC. The orig- 
ma1 design of this transmztter was dlctated 
bymllltary speclflcatlons and 1s ldentlfled as 
theAN/CRN-2. This transmltterls currently 
employed by the CAA xi the Instrument land- 
mg systems Installed throughout the Umted 
states. The transmitter employs Type 8025 
tubes in the t r 1 p 1 e r and p o w e r-amplifier 
stages. The unsatisfactory results with these 
tubes has leadto a redesign of the transmitter 
and a change to Type 2C39 tubes. Further 
development at the Expernnental Statlon has 
resultedin extendmg the tube life expectax) 
bf the 2039 tubes to 6000 hours This report 
discusses some of the modlflcatlons made at 
the Experimental Statmn. A graphlcal anal- 
ysls of the operatmn of the ampllfler 1s 
presented 

INTRODUCTION 

The ground equipment for the CAA in- 
strumentlandmg system utlllzes three ma,o’ 
components, VIZ.. the marker beacons oper- 
atmg at 75 MC. the locallzer operatmg I,, the 
110 MC region, sod the &de path transmitter 
operatmg in the 335 Mc region This report 
1s concerned with the operatmn of the &de 
path transnutter, with special reference to 
the operatlonof the driver andpowerampllfler 
stages of this transmitter 

The @de path transmitter in current 
use 1s a transmitter developed orlgmally for 
the U S Air Forces In the driver and power- 
ampllfler stages, Type 8025 tubes are em- 
ployed and experience m the field with this 
type tube has been unsatisfactory. The tubes 
have exhlblted short life and requre frequent 
replacement This condltlon was recognzed 
during the war yearsandprompted the 
Electromc Subdlwrmn of the Air Ma t e r 1 e 1 
Command to 1 n 1 t 1 a t e development work on 
mxproved clrcults A redesIgned driver and 
power-ampllfler stage usmg Type 2C39 tubes 
was s e c u i- e d through this development and 
one of the models was acquired by the CAA 
ExperImental Statmn The t e s t at Wr,ghr- 

PattersonAIr Force Base revealed that while 
the redeslgned equipment showed unproved 
performance. the tube life was still not sat- 
lsfactar). Tests at the Expermxental Statlon 
conflrmedthese results.and further develop- 
ment work was undertaken Upon the com- 
pletmn of this development work, a set of 
tubes was operated ln the transmitter on a 
life test This life test was cont,nued for 
6000 hours and permdx checks were made 
durmg the run. The orlglnal set of tubes en- 
dured the entlre permd and only negllglble 
changes in the output could be detected 

This performance represents an out- 
standIng nnpravement since the hfe expectanoi 
of the Type 8025 tube in the AN/CRN-2 
transmitter 1s approximately 400 hours, and 
with the Type 2C39 tubes ln the orlgmal mod- 
Ifled version of this transmitter the average 
tube life was even less than 400 hours 

THEORY OF OPERATION 

The choice of the Type 2C39 tube, the 
characterlstlcs of which are given ln Appendix 
I, leads logically to the use of the grounded- 
grid type of c I r c u1 t since the construction 
of the tube IS ideally suted for proper lay- 
out for a grounded-gr,d ampllfler l* 2 

Before dlscussmg this particular appll- 
catlon I,, the &de path transmitter, a brief 
dIscussIon of the grounded-grid clrcult ~111 
be presented and the essential differences 
between the grounded-grid ampllfler and the 
more conventional type of Class c ampllfler 
~111 be noted. 

As the name ~mplles, the grounded-grad 
ampllfler operates with the grid at rf ground 
potent& The driver voltage 1s applied be- 
tween cathode and grid, and the output appears 
ec~‘oss plate and grid Some of the Important 
dlfferences in the operatmnof the conventlon- 
al ampllfler and the grounded-grid ampllfler 

1 E E. Spltzer, “Grounded Grid Power Am- 
pllflers,” ELECTRONICS, April 1946 

2 C E Strong. “The Inverted Ampllfler,” 
ELEC TRONIC5, Jolt 1940 
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may be exsmmed by referrmg to the snnpll- 
fled clrcults shown In Figs. 1 and 2. 

Fig. 1 Clrcult of Conventional 
Class C Ampllfler 

A conslderatlon of the e f f e c t s of the 
Inter-electrode tube capacitances reveals an 
essential dlfference be t w e en the feed-back 
paths U, the two c,rcu,ts. In the conventlana 
amplliler. the capacitance between grid and 
plate provides a couplmg between Input and 
output crrcu1ts. Furthermore, If the load 1s 
mductlve, thl s couplmg Introduces posltlve 
feed-back. The presence of this capacitance 
has plagued designers of t I 1 ode amplifiers 
ever smce trrodes have been used. If stable 
operation, thatls,freedom from regeneratmn 
and osclllatlon IS to be accomplished, this 
capacity must be reduced to a mm~mum, and 
1” most cases after this capacity 1s reduced 
to a mxnmurn. the resrdual capacrty must be 
neutralized. Many clrcult arrangements have 
been devised for this purpose. 

In the grounded-grid ampllher an effect 
analagous to that produced by the grid-plate 
capacitance of the conventIona amphfler can 
be represented by the capacitance between 
plate and cathode as illustrated in Fig. 2. 
However, the capacitance ,n the grounded- 

grid clrcult can be reduced by proper con- 
struction to an extremely low value smce the 

Fig. 2 Clrcult of Grounded-Grid 
Class C Ampllfler 

control grid provides an effective shield be- 
tween the plate and cathode elements It 1.5 

for thy reason thattubes designed for grounde& 
grid operation employ a physical arrangement 
such that the plate and cathode connections 
are brought out at opposite ends of the tube 
and the grid connectlon 1s 1 o cat e d between 
these elements. Fig 3 illustrates this con- 

structlon in the Type 2C39 tube 
Another essential difference between 

the conventIona and grounded-grid Class C 
ampllflermvolves the driver power reqmre- 
merits. In the conventIona amplifier the 
driver Y o 1 tag e IS Isolated from the output 
c1rcmt. In the grounded-grid ampl,fler the 
driver voltage 1s in series with the ampllfwr 
voltage supplymg the load. These two voltages 
are 180 degrees out of phase with respect to 
the cathode. This 1s shown ,n the smnpllfled 
diagrams. Fig. 4. It 15. therefore, apparent 
that the rf voltage between cathode and plate 
1s the difference between the driver voltage 
and the gr,d-plate voltage. The total power 
output mcludes a component contributed by 



Fig. 3 Tube Type 2639 

the driver voltage and this component 1s equal 
to the product of the driver voltage and the 
fundamental frequency component of the power- 
amplifier plate current In the case of the 
Type 2C39 tube. sr,ce this 15 a high-mu trmde. 
the rf grid voltage of the power ampllfler 1s 
small compared to the plate-v o 1 t a g e swmg 
and contrlbutes a negllglble amount of power 
tothe totaloutputpower,andmaybeneglected 
However, when calculatmg the driver power 
requirements, that part of the driver power 
which supplws the loadmay be an appreciable 
part of the total driver power and musk be 
taken Into conslderatmn. In the grounded- 
grid ampllfler the total driver power may be 
dlvlded into three components, VLZ.. the power 
dlsslpated at the grid, the power dlsslpated 

in the e x t e I na 1 grid clrcult, and the power 
contributed to the ampllfler power output. 

THE AN/CRN-2 TRANSMITTER 

The driver and the power-ampllfler 
stages of the AN/CRN-2 transrmtter, prior 
to any modlfwatmns, are shown I,, sx,,pllfvzd 
schematicform in Fig 5. After modlflcatlon 
and before the life test was commenced, the 
circuits were changed to that shown in Fig 6. 

The heater voltage was reduced from 
6 3 to 5.2 volts. This reductlan in heater 
voltage was made after an exammatmn of the 
effect of tbls reduction on the characterlstlcs 
and emls slon of the tube was shown to be 
negllglble. The purpose of reducmg the heater 
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Fig. 4 Slmplifled Schematic Diagrams 
of ConventIonal And Crounded- 
Grid Ampllflers 

voltage was to reduce the heat generated in 
the vicmlty of the control grid. In the 2C39 
tube the grid cathode spacing is very small, 
and an mspectmn of several of the tubes in 
the amphfler whlc h had prevrously falled. 
showed evidence that tube deterioratmn had 
started atthegrld,posslblyduetogrld 
enussmnwhichm turn may have been caused 
by overheating 

The grid condensers which are used to 
secure the grid at rf ground potential were 
carefullyadjustedto remove any residual In- 
ductlve reactances In the design of this 
particular ampllfler it was found that approx- 
xnately 200 mmf c ap a c lty neutralized the 
ampllfler. The grldcondenser for the tripler- 
driver stage was also reduced from 550 mmf 
to 200 mmf. 

The capacity of the blower. which directs 
an air blast on the tubes, was Increased and 
the ductarrangementwas changed m order to 
direct the air blastmore effectively. Indivld- 
ual ducts were arranged to provide axr coolmg 
to the cathode stems of each of the four 2C39 

TRIPLER -DRIVER 

Fig. 5 Srnpllf,ed Schematic Driver and Power-Ampl,f,er Stages before Modlfxatmn 
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Fig 6 Smnpllfled Schematic Driver and Power-Ampllfler Stages after Modlflcatlon 

tubes The air circulation was mcreased by 
the addrtmn of an exhaust fan These mod,- 
flcatmns are shown m Figs 7, 8, and 9 

It was found that the grid disslpatmn 
played such an xnportant part In determmmg 
tube life that it was deemed advisable to fur- 
nish the operator some method for determm- 
mg the grid dlsslpatmn. This was accom- 
phshed by mantarang a fixed bms and call- 
bratlng the grid current meter so that at 
could be red-lmed to mdicate the maximum 
permlsslble grid dlsslpatmn. This has been 
found to be very valuable xn keepmg the oper- 
ator mformed as to the maximum allowable 
disslpatmn. 

Smce any life test is a time-consummg 
process, the merits of these changes were 
not mdivldually evaluated. T he net result 
was greatly improved tube life, but the con- 
trlbutmn of the various changes to this result 
was not separately determmed. 

Thellfe test was conducted with power- 

ampllfxr tube s manufactured by Matchlett 
LaboratorIes, Inc Elmac tubes were used 
m the triple=-driver 5 tage Both types of 
tubes operated for 6000 hours wlthout failure. 

In the glide path transmitter the tubes 
In thepower-ampllfler stage are subJected to 
more strenuous operatmg condltmns than the 
tubes m the driver stage. Therefore, It seems 
approprmte to make a detalled analysis of 
the operationof the power-ampllfler tubes as 
they were operated durmg the hfe test. The 
m e t h o d e m p 1 o ye d followed that outhned 
by Mouromtseff and Kozanowskl.3 

3 l. E. Mouromtseff and H N Kozanowsla, 
“Analysis of the Operation of Vacuum Tubes 
as C la s. s C Ampllflers”, Proceedmgs. In- 
statute ofRadIo Eng+neers, Volume 23. No 7, 
July 1935 



Fig. 7 Test Set-Up for Glide Path Transmitter AN/CRN-2 usmg 2C39 Tubes 

(1) Weston AC-DC Voltmeter (o-1500 scale) (4) Exhaust Blower 
(2) Blower for 4 - 2C39 tube sterns (5) Plate Power Supply (o-4000 volts) 
(3) Blower for Fmal 2C39 Ampllfler (6) Bms Power Supply (O-500 volts) 



Fig. 8 End View of Amplifier Chassis Showmg Tubes m Fmal Stage 
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Fig 9 End View of Ampllfler Chassis Showmg Driver Stage 
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In the following dlscussmn the symbols 
are as follows 

=b = the dlsect plate voltage 

‘b = the direct plate current 

=P = the max1m"rn value of plate -voltage 
swmg (voltage be tw e en plate and 
cathode) 

Eg = the max,mum value of rf grid- 
voltage swrng 

EC = grrd bias voltage 

lP = instantaneous value of plate current 

k = instantaneous value of grid current 

I1 = maxmnurn value of fundamental 
component of plate current 

1, = direct grid current 

Wcl = pow e r dellvered to output clrcult 

W’ 
0 = power dellvered byoutput tube s 

W f = pow e r delivered by the driver to 
the output circuit 

W 
g = powe r dlsslpated on grids of the 

output tubes 

w1 = power dlsslpated m external grid 
circuit 

wd = total driver power 

W 
In = direct power supplied to output 

tube plates 

The method 1s a graphical one and requires 
the use of constant plate-current and constant 
grid-currentcurves. These curves are shown 
In Figs. 10 and 11. It was noted thatthe 
curves publlshed by the varmus manufacturers 
ofType 2C39 tubes dlffered widely, and some 
of the tubes of the swne manufacturer also 
dlffered sufflclently to make it necessary to 
prepare the charts from the tubes actually 
used m the transmitter 

Inaddition to the constant current curves 
the fo?lowmg data necessary for the compu- 

200 400 600 800 
PLATE VOLTAGE 

Fig. 10 Constant Plate-Current Curves 

tatmn were measured while the transmitter 
was in operation. 

Plate current (2 tubes) - 1 I2 ma 

Grid current (2 tubes) - 65 ma 

Dxrect plate voltage - 800 volts 

Grid bias voltage - minus 14 volts 

Next, values of plate-voltage and grid-voltage 
swing were assumed. Values which are 
compatible to proper operation of a Class C 
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ampllflerwere selectedand these values were 
used m the graphlcal solution to determlne 
the average direct plate and grid currents. 
By a trml and error process a set of values 
for grid and plate-voltage swmg can be found 
which fit the measured value s of plate and 
grid current. In this part 1 c ul a r case the 
values oiplate-voltage and grid-voltage swmg 
whlchiti the direct current values as measured 
are, 750 and 28 volts, respectively. 

The results of the graphlcal anaylsls 
yield the followmg values for plate and grid 
currents 

lb = 58.7 ma (117.4 ma for two tubes) 

11 = 96.2 ma (192.4 ma for two tubes) 

I, = 28.0 ma (56.0 ma for two tubes) 

I@ 
= 50.3 ma (100.6 ma for two tubes) 

400 800 800 
PLATE VOLTAGE 

Fig. 11 Constant Grid-Current Curves 

Assummg the phase relatmns shown m 
Fig. 12, we obtam 

W, = (Ep t E,) 11 = 74.8 watts 

W’,= Ep 11 = 72 2 watts 

Wf = Eg I1 = 2 69 watts 

Wd = Eg (I1 + Ilg) = 4.10 watts 

Wg=E I g gl = 1.41 watts 

The losses m the external grid clrcult 
are 

Wl = E, x lg = 0.84 watts 

The total driver power 1s 

wd= W~+Wf+Wl 

= 1.41 + 2.69 t 0.84 = 4.94 watts 

Fig. 12 Phase Relations for Voltages and 
Currents m Class C Ampl~iler 
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74.8 
Power gal* = 4~4 q 15.1 

WC2 74.8 
Eiflclency = 

w 
= - :74.0 percent 

In 
100.0 

The calculated value of the power de- 
llvered to the load clrcuxt exceeds the actual 
power dellvered ta the load by approximately 
25 per cent. This dliierence between calcu- 
lated and measured values may be expected 
smce the method used m the analysis wrll 
yleldavalue oipoweroutput,whlchthe power- 
ampllfler tube together with the driver tube, 
delivers to the output cIrcult. and, this an- 
eludes the losses In the output clrcult as well 
as the power delivered to the load. Conslder- 
mg the frequency at w h 1 c h the transmitter 
operates, the output clrcult losses do not 
appear to be excess,ve. 

The 1 n v e r s e condltmn 1s observed In 
the driver cxcult. The calculated driver 
power 1sapproxlmately 20 per cent less than 
the measured power dellvered by the driver. 
Here agam It ~111 be remembered that the 
driver stage must iurmsh the calculated power 
Input reqlured for the power-amplifier stage 
plus the losses m the clrcults associated with 
the driver stage. 

The efilcrency calculated above IS also 
affected by these external c~rcult losses. 
Based on the power dellvered to the load, the 
efflclency 1s approxxnately 50 per cent. 

RECOMMENDATIONS 

As a r e s u 1 t of the experxnental work 

descrlbedm this report, the iollowmg recom- 
mendatmns. relating to modifications of the 
AN/CRN-2 transmitter. are made 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

Modliy the transmitter to use Type 2639 
Tube ,n the trlpler-driver and power- 
ampllfler stages. 
Provide a meter for measuring the 
illament voltage on the 2C39 Tubes and 
set the voltage to 5.2 volts. 
Provrde a bias supply m the form of a 
constant voltage source. 
Provxk a regulated plate voltage supply 
Make adJustable the coupling between the 
driver stage and the power-ampllfler 
stage. 
Index the grid cur r en t meters m the 
drlverandpower-ampllfler stages with 
a red lme In order to mdlcate the maxi- 
mum allowable grid current which can 
be toleratedbefore exceedmg the manu- 
facturer’s recommended dlsslpatmn. 
Design the condensers used for pro- 
vldlng the ri ground for the 2C39 grids 
to have mmxnum mductive reactance 
and to have a capacity of approximately 
200 mmi ,n order to provide optnnum 
stablllty Hold these c on d e n s e r s to 
close tolerances. 
Provide greater b 1 owe r capacity and 
ventllatmn than are p r o v 1 de d In the 
present AN/CRN-2 transmitter. The 
DIT blast should be d 1 r e c ted toward 
each of the cathode stems of the 2C39 
tubes m addltmn to the plates. 
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APPENDIX I 

ZC39 General Characterlstlcs 

Number of Electrodes 

1. Electrical 

Filament voltage 
Filament current 
Filament power 

Cathode - mdlrectly 
heated 

Cathode - oxide 
cobtmg 

Cathode - area 
Cathode - temperature 
Cathode - color, blood 
red to medium cherry 
red 
Cathode - peak 

emlssmn 
Cathode - pulse 

em~ss1on 
Cathode - pulse 

emission 
11ie 

2. Average Characterlstxs 

Ampllflcatmn factor 
Grid-plate 
trnnsconductance, 

3 

6.3 volts 
1.1 amp. 

6.93 watts 

0.5 cm2 
1050-1250’F 

0.5 amp. 

6.0 amp. mm. 

500 hrs. 

85 

S*,at Ib = 75 ma 17,000 mxromhos 

3. Direct Interelectrode Capacities 

Capacity - grid to plate 1 95 mmf 

Capacity - grid to 
cathode 

Capacity - plate to 
cathode 

4. Maximum frequency 
for full power 

5. Mechanical 

Type of coolmg 

(a) convection 

(b) Forced air 

(c) Maximum seal 
temperature 

(d) Mountmg 
posltian 

(e) Net weight, 
approximate 

(f) Grid to cathode 
spacmg 

(g) Plate to grid 
spacmg 

6 Maxlmum tube ratmgs 

Plate dlsslpatlon 
Plate voltage 
Plate current 
Cathode current 
Grid dlsslpatmn 
Grid voltage 

6 50mmi 

0.035 mmi 

500 MC 

13 v/vatts plate 
dlssipatlon 

100 watts plate 
dlsslpat,on 

175’ c 

An} 

3 5 “Z 

0 005 in. approx 

0.021 m approu. 

100 watts 
1000 volt* 

75 ma 
100 ma 
3 watts 

-150 volts 


