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Radio T elemetry Applied to Survey Problems 
RICll.\RI) R. ROSS, Electronic ,cientist 

L'. S. Coast and Geodetic Sun•ey 

SOME of the work of the Coast and Geodetic Sur­
vey requires the collection of data over a period 
of time from instruments at remote locations . 
These data fall into one or more of the following 
categories: the records must be continuous, they 
may be intermittent but always available on de­
mand, or they may be r equired simultaneous ly 
from more than one instrument. 

Two of the problems encountered in the work of 
the Bureau that have been solved by radio telem­
eters are described in this Bulletin. The first 
is the recording at a magnetic observatory, on the 
outskirts of a c ity, of a seismograph located on a 
distant mountain. The second is the recording at 
a remote s tation of data from current meters sus­
pended from severa l buoys anchored in a water ­
way. 

Based on the successful solution of these two 
problems, studies are now being made to adapt 
this method to other phases of the Bureau's work. 

SEISMOLOGICAL SIGNALS FROM A REMOTE 
POINT 

At Tucson, Ariz ., the seismograph station, 
operated in conjunction with the magnetic ob­
servatory, was found to be affected by disturbances 
from the growing city, particularly by the blasting 
at a quarry 2 miles away. Mount Lemmon, north­
east of the city, was found to be an excellent lo­
cation for the seismograph station. The instru ­
ments could be located on bedrock and have no 
interference from city traffic . The s ite chosen 
was within the Federal prison camp and 15 miles 
from the magnetic observatory. 

Before the seismograph could be moved to the 
new station, however, a method had to be found 
by which the recording of the seismograph infor­
mation could be transmitted to the observatory. 
In order to avoid using a cable, with its right-of­
way and maintenance problems, a study of radio 
telemetry was made. The s tudy indicated that 
such a method could be adapted for transmitting 
th~ complex low frequency waveofvaryingampli­
tude which was generated by the vertica l seis­
mometer pickup unit, over the required distance. 

Of the several systems used for telemetering 
information, only two are described at this time. 
In an a mplitude modulation with frequency modu­
lation (A M/FM) system, the information to be re­
layed is used to amplitude modulate a subcar-
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rier s ine wave audio signal. The amplitude 
modulated s ignal is then used to frequency modu­
late a radio frequency carrier wave. This FM 
carrier wave is rece ived at a r emote point, de­
tected, and the a mpli tude modulated subcarrier 
used to operate a recorder. 

In a frequency modulation with frequency modu­
lation (FM/FM) system, the information to be re­
layed is used to frequ ency modulate a subcar­
rier audio s ignal. The frequency modulated signal 
is used to frequency modulate a radio frequency 
carrier wave. The FM carrier wave is received 
at a remote point, detected, and the frequency 
modulated audio subcarrier s ignal used to operate 
a recorder. 

A s ingle FM s ubcarrier, or several such sub­
carriers, may be transmitted as a composite 
signal by either wire or radio to a rece iving and 
recording s tation. The r eceiving and recording 
station s imply uses Research and Development 
Board-- Inter-range Instrumentation Gr oup (RDB­
IRIG) channel filters for each subcarrie r and a 
discr iminator for each channel is used to detect 
the intelligence voltage that is directly propor­
tional to the original intelligence voltage. Its 
function is to convert the intelligence voltage 
produced by pickups or transducers into a stand­
ard RDB-IRIG signal whose variations in fre­
quency are directly proportional to variations in 
the original intelligence voltage. 

In 1954, an AM/FM system was designed by 
the Bureau 's Electronics Laboratory. At fir st, 
this system seemed successful and some very 
good comparisons were run between Che ltenham, 
Md., a nd the Department of Commerce Building, 
Washington, D. C. It was later placed in service 
at Tucson. Due to the extreme high stability 
needed by the audio a mplifiers in an AM/FM 
system, however, the supply r egulation could not 
be made good enough when gasoline generators 
were used at the remote transmitting point. 

Highly stable FM audio subcarrier oscillators 
and FM subcarrier frequency discriminators have 
since been developed on an Air Force contrac t 
for missile work. More recently a highly stable 
frequency meter with a 10 to l scale expansion 
feature was developed that appeared to be satis­
factory for use as the r eceiving FM subcarrier 
frequency discriminator. 

In October 1958, a n FM subcarrier system 
using a n FM subcarrier oscillator and an elec­
tronic frequency meter was installed at the Tucson 
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F IG. !. -- Re mote t ransmitting equipment . 

Observatory. Figures 1 a nd 2 s how the trans ­
mitting a nd receiving ends of the te lemeter cir­
cuit schematicafly. F igure 3 shows the r ecord 
made at the seis mogr aph sta tion on Mount Lem­
mon a nd that r eceived at the observatory in 
Tucson. 

R emote Tr ansmitting E qui pment 

A high sensitivity Benioff vertical seismometer 
is mounted in a vault high in the mounta ins eas t 
of T ucson. T he pickup of the seis mometer in the 
vault is connected to the equipment house some 
dis.ta nce. away by a coaxia l cable. Through a 
switch either the pic kup s ignal or a test s igna l 
from an audio test oscillator is fed to a n ultra ­
sens itive galvanometer-phototube a mplifier .1 

T he output of the phototube amplifier is fed 
into a voltage controlled F M s ubcarrier oscil­
lator through cathode followe rs which form a 
balanced circuit . The oscilla tor input c ircuit 
was modified to match the balanced output from 
the phototube a mplifier. This was done by dis­
connecting the normal chassis ground of the en­
tire oscillator circ uitry and building a r egula ted 
power s upply that is isolated entirely from the 

1 A highly srable carhode-coupled amplifie r fo r seis mic 
recording by Roger M. Wi lson and Laurie R. Burges s. 
Bulletin of the Seismologi.cal Society of America , Octo­
ber 1952. 
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chassis gr ound . This changes the input c ircuitr y 
from an unbalanced to balanced circuit. 

With zero s igna l from the pic kup uni t, the ligt 
beam is centered on the phototubes and zero 
differ e ntial s igna l is obtained at the phototube 
amplifier output. A c enter frequency control is 
adjusted to put the subcarrier oscilla tor on fre­
quency. RDB - IRIG channel 6 (1700 cycle s ) was 
used. 

With the test osc illa tor sw itched into thephoto­
tube amplifier and delivering a 0 .1 cycle per 
s econd sine wave of sufficie nt amplitude to swing 
the light beam full- on first one and then the other 
phototube, the differ ential output is about plus or 
minus 8 volts. A sens itivity control on the s ub­
carr ier oscillator is adjusted so that the fre ­
quency of plus or minus 7 .5 per cent of the center 
frequency is obtained, in this case plus or minus 
127 .5 cycles. 

These tes ts are observed on the r ecor ding 
equipment a t the observator y. Radio communi­
cation (Handie-Ta lkie) is used at Tucson for thes e 
checks . 

The output of the F M voltage controlled sub­
carrier oscillator is fed into the audio input 
circuit of a n FM 30-wan base station. This 
transmitter with its a ssociated powe r s upply is 
duplic ated in case of failure of a unit . Switching 
from one unit to the other is done ma nua lly. The 
power s upply for this transmitter is a 60- watt 
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unit which is oversized from a r eliability stand­
point. A radio frequency of 174 megacycles is 
used. A horizontally polarized yagi antenna on a 
tower is used to tra nsmit the radio signals to the 
observatory in Tucson. The primary power units 
are l kw ., 115- volt , 60-cycle generators. Butane 
gas was finally decided upon for fue l and seems 
to be economical and reliable. Two generators 

e used with automatic changeover in case of 
ilure. 

Obser vatory Recei ving and Recording Equipment 

Radio signals are r eceived a t the Tucson Ob­
servatory on a horizontal yagi antenna and fed 
into a regular FM Sensicon base station r eceive r . 
A duplicate r eceiver is used with manual switch­
over in case of failure. This receiver delivers 
the FM s ubcarrier audio to a speaker for moni ­
toring and to a channel 6 ( 1700 cycles) filter. 
The speaker is attenuated with a n L -pad whe n not 
in use. 

The output of this filter is then fed into an elec­
tronic frequency meter. A precision subcarrier 
discriminator is nor mally us ed for detection of 
the FM subcarrier frequ ency. T he feature of the 
particular e lectronic frequency meter that makes 
it useable for this type of recording is the "times 
10" scale expansion . Any portion of the scales 
can be expanded 10 times a nd c ente r ed on the 
panel meter. An exte rna l r ecorder movement is 
mere ly put in s eries with the visual meter move­
ment by a plug in connection on the front panel. 
A 1,500-ohm res istor is used across the external 
r ecorder output connections to make up for the 
impedance that is r emoved when a plug is in­
~0rted . About 150,000-ohm total accentuat ion is 
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used in series with the sensitive photo recorder 
movement . This attenua tor is adjusted until the 
movement of a light beam on photosensitive paper 
matches the movement of a similar r ecording light 
beam from the galvanomete r that supplies the 
light beam movement to the phototube amplifier 
at the transmitting end . At Tucson this adjust­
ment is done by Handie-Talkie communication 
with the mountain site. 

The upper frequency limit of the visual meter 
movement is cutoff at about 0.5 cycles. The up­
per frequency response of the recorder output 
is down 3 db a t 20 cycles . 

The FM transmitting subcarrier oscillator and 
the electronic frequency meter are made of very 
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F IG. 3.-Sei smogr aph r ecor<l. Upper section showsdata 
as transmittc<l from seismograph . Lower section shows 
data as receivro at the observatory . 
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scable componencs thac reduce drift problems co 
a minimum. Boch unics are readily serviceable. 

Possible Future Changes 

The Observer - in-Charge ac Tucson s uggescecl 
a possibilicy of puccing in two addicional s ub­
carrier channels co record two addiciona l seis­
mological componencs. 

At Tucson a 30-wacc FM cransmiccer is used 
to carry the FM s ubcar r ier data co che observa­
cory. A complecely cransiscorizecl cransmiccer 
with lower power oucpuc will soon be on che mar­
kec. Evencua lly, such a syscem may be used co 
reduce che primar y power needed. A seismic 
preamplifier made up of low noise crans istor 
circuitry mighc possibly be used, inscead of the 
presenc phocotube amplifier, co amplify che very 
weak seis mic signals from the Benioff seis mom­
eter. Such an amplifier has been described. 2 It 
would be necessary to have additional a mplifica­
t ion between the unit described and the subcarrier 
oscillator input. 

A Handie-Talkie transmiccer might possibly be 
used at the transmiccing site providing a duplicate 

2A low noi se t ransistorizc<l sc1sm1c preamplifier by I. 
S. Sac ks, Journal of Geophysical Research, June 1957. 
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transmitte r and an aucomatic changeover in case 
of failure be provided . A system using these 
components would have a power consumption of 
an estimated 30 wa n s per hour. 

TIDAL CURRENT METERS 

The radio currenc meterwasdevelopedbyCapc. 
E. B. Robercs of che Coasc and Geodetic Survey 
in 1940, a nd has been in use by che Bur eau since 
1942. The meter measures boch che speed and 
direccion of che cidal currents. In oper acion, it is 
suspended from and eleccrically connecced co an 
anchored buoy which houses a radio transmitter. 

Prior to che developmenc described in this 
paper, each buoy had its own radio frequency and 
was broadcasting concinuously. To obcain the 
data from a particular buoy, the r ece iving and 
recording station had to tune the proper frequency 
which was c ritical and often noisy due co s tacic 
or ocher interference. On some occasions, the 
speed and direccion signals mighc merge or over­
lap causing some ambiguicy inparcsofthe record. 

In 1957, it was decided co develop a new ce lem­
eter system which would be less noisy and would 
use a single radio channel making ic eas ier to ob­
tain frequency assignments. Icwasalso desirable 
co have che s peed and direccion componencs r 



corded separ arely so ther e is no possible am­
h;""iity in rhe full 360° roration of the current 

er. 
• o achieve these r equirements a very high fre ­

quency (VHF), frequency modulation (FM) chan­
nel was selected and amplirude modulation (AM) 
on-off audio s ignals used ro carry the speed and 
direction tidal current intelligence. In this case, 
34.98 megacycles was used. Figure 4 shows the 
te lemeter circuits schematically. 

Operation 

The buoy station is tr iggered from rhe r ecord­
ing base station by a command tone that is dif­
fere nt for each buoy and is in the range of 200 to 
400 cycles per second. When a 5-second com­
mand is given, circuits in the buoy are automati­
cally switched from receive to rransmit. Speed 
and direcrion infor mation, obtained from a Roberts 
current meter nearesr the surface, is then trans­
mitted for a 2- minute period . A sequence selec­
tor switch inside the buoy then switches on a sec­
ond current merer at mid-level. Following rhe 
second 2- minute interval a third current meter 
near the bottom is switched in. Each meter is 
identified by a coded signal. At the end of rhe 
6- minute period the rimer automatically turns 
off the radio transmitter and turns on the radio 
receiver, r eady for another command from the 
L - ie station. 

~he first system was installed on the ship 
manner. Four buoys were r igged with whip an­
tennas, Handie-Talkies, and sequence timing 
units. A complete run on four buoys could be 

F IG . 5.-T idal current radio te lemeter base station. 
Shown are the modified base stat ion, microphone for 
normal communication, break-c ircuit chronometer for 
t ime marks, isoplane antenna for both transmitters, com ­
mand signal and receiving current information with co­
axial cable lead-in, and a chronograph using a waxed 

oe. 
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FIG. 6 .--Modified base station. At top left is the audio 
osci llator used to supply the command tone for separate 
buoys. At top right i s the fi l eer used to separate the speed 
and uirection tone signa ls r eceived from the buoys. 

completed in about 25 minures. A r un was started 
every 30 minutes. 

Because this system is VHF, its range is 
basically line -of-sight. This does not necessarily 
mean the path between the ship base station and 
buoy has to be perfectly clear. It is possible for 
large obs tructions to exis t between the base s ta­
tion and buoy and good operation be maintained . 
To test this feature, the ship pulled into a docking 
area that was almost completely shie lded by 
meta l covered buildings and large steel beam 
super structure. Operation was still maintained. 

Base Station 

The base station (figs. 5 and 6) consists of a 
60-watt FM transmitter, an F M receiver , and a 
115-volt a.c. power s upply that is readily avail­
able on the commercial market. The unit is 
s lightly modified for use with an audio oscillator 
to supply the com mand tone, and a filter chassis 
to select the speed and direction signals rec eived 
from the buoy. These are mounted in the base 
station cabinet making the unit self contained. A 
switch is ins talled on the control panel so that 
e ither the command tone or micr ophone may be 
used. The unit can a lso be used for normal com­
munication purposes . 

A chr onograph using a waxed tape is used to 
r ecord s peed, d irection, and time marks. 

Buoy Station 

The buoy station (figs. 7 and 8) consists of a 
Ha ndie-Talkie, timer chassis, mobile whip an-



F JG. 7. --Components for a buoy unit . Shown a r e a Handie­
Ta lkie receiver-transmitter, a sequence timing unit, a 
20- ampere hour, 12-vol t nickel cadmium battery, and a 
Roberts low velocity current meter. 

F IG . 8.--Buoy sequence timing unit. At upper right i s 
the sequence timer which uses a cam- lever-micro switch 
ar rangem ent. T he permanent magnet driven motor is at 
the extreme upper right. At botcom left i s the reed fre­
quency sensitive r elay which r esponds co command tones. 
A t center left are the 960 cyc les and 2,300 cyc l es tran­
sistor osci llators that supply the audio s igna l that is 
keyeu into the Handie-Talkie mic r ophone input by the 
Roberts current meters. The three plug fittings at lower 
right a r e connections for three current meter s. 
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tenna, dry battery supply, a nd a proper number 
of Roberts current meters for the different le \ · 
of tidal current information to be recorded. 

The Handie-Talkie has a radio freque ncy power 
output of 6 watts when used with dry batteries 
(8 watts when used with a transistorized power 
supply). The transmitter portion uses instant 
heating tubes and one audio transistor. The re­
ceiver portion is trans istorized except for three 
radio frequency low drain tubes. Very littlecur­
re nt is drawn from the supply batteries when the 
unit is in the receive position which is about 80 
per cent of the time for normal oper ation . The 
power consumed when on the r eceive position 
averages about 3/4 watt . When transmitting the 
power drain is about 26 watts. 

The timer chassis has a sequence t iming unit 
which was designed and fabricated in the Bureau. 
A 0 .115 a mpere, 12-volt permanent magnet motor 
is used to drive the mechanism upon comma nd 
from the base station. included on the timer 
chassis a r e r e lays, coupling transformer , cou­
pling capacitor s, and two transistor audio oscil­
lators that were espec ia lly designed for use in 
the buoy. Research and Development Board-- ln­
ter-range Instrumentation G roup (RDB-IRIG) 
Channel 4 (960 cycles) is used to carry the speed 
intelligence. Channel 7 (2300 cycles) is used to 
carry the direction inte llige nce. 

The audio oscillators run continuous ly during 
the 6-minute command cycle. Their outputs 2 ~~ 
connected to the Handie-Talkie microphone in1 
c ircuitry through r elays that ar e keyed by t ..... 
speed and direction contacts in the current meter. 

The command r eed relay is a vibrating tuned 
reed that makes 5 percent contact when a voltage 
at r esonant frequency is fed to it from the Handie­
Talkie r eceiver, a nd originated by the audio os­
cillator, upon command, at the base s ta tion. A 
circuit with a time constant of about l second is 
used in the output of this r elay . This is to avoid 
oper ation on low frequency voice components 
when the base station is used for norma l com­
munication purposes . After the command tone 
is given by the base station, it takes about 5 
seconds for the sequence motor to drive the 
timing mechanism to a point where the Handie­
Talkie receiver is turned off a nd the trans mitter 
turned on thus starting a te lemeter sequence. 

The antenna is an easily mounted unit requiring 
no guy wires. It is a r egular quarter wave length, 
stainless s teel antenna rod with a universal 
spring base swive l mount and coaxial lead- in 
cable. This antenna seems to stand up well under 
the constant motion of the buoy. 

Conclusion 

At present, dry batteries are being used co 
supply operating power in the buoy. One compa 



also makes a transistorized power supply for use 
:h the Handie-T alkie. With this the primar y 
Ner is from a 12-volt storage battery. At pres­

ent the current buoy is not designed to contain a 
storage battery. A vented separate compartment 
would have to be built into the buoy. A fully 
charged 12-volt, 100-ampere hour storage battery 
would run a buoy over 100 hours at the present 6 
minutes on, 24 minutes off transmitting duty fac­
tor. 
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Although the system described was designed 
specifically for the r emote measurement of tida l 
curr ent informat ion, it is easily adaptable to the 
measurement of other qua ntities by the subs ti­
cution of different methods for modulating the 
audio transis tor oscillators. 

As an example, it cou ld be very easily applied 
to area type tidal surveys . Tidal information 
could be collected at the base station for a gr eat 
number of tide stations. 
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