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Way Cool .Rocket Project,
Part 1

This 70cm rocketborne radio telemetry system is strictly for kids - NOT!

This is the first in a series of three srticles that will describe the construction and /1ight
operation of a basic single-cbennel 7Dcm (433 MHz ) rocket borne radio telemetry
system , or rockctsonde.

T
he transmitter portion of this
system is mounted in a small
sounding rocket and used to

te lemeter air temperature of an atmo­
spheric air column to 2JXXl meters
(about 6 ,000 fee t) . The grou nd­
mounted receiver portion of the system
is used with a fully stccrablc antenna
array consisting of two slacked Ramsey
Electronics four-c lement 433 Ml lz
yagi antennas . Receiver output is
supplied to a strip chart recorder.

Th is telemet ry system is currently
being uti lized as an instructional tool

in a volunteer-led. after hours, high
school science enrichment program
called "Sounding Rocket 101." The
primary purpose of the program is to
provide a hands-on science activity to
high school science clubs that will pro­
vide additional learning opportunities
in the areas of: electro nics, communi­
cations, atm ospheri c science , and ap­
plied physics. The Sounding Rockel 101
program is presented in a way that ig- .
nites student interest {no pun intended ").

One of the primary design goa ls for
the telemetry electronics was to produce

an easy-to-build, low-cost, single-chan­
nel radio telemetry system that could be
easily duplicated by an electronica lly
incl ined high schoo l student. The pur­
pose of thi s se ries of articles is to en­
courage othe r radio amateurs to

dupl icate the sys tem and become in­
vo lved with providing add itional ad­
vunccd learni ng opportunities for high
schoo l students.

In keeping with the low-cost design
objec tive. the core e leme nts in the
rad io telemetry sys tem are 4 33 MHz
AM transm iuer and receiver modu les
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available from Radio Shack . Although
the Radio Shack UHF modules are de­
signed for short-range (seve ral hun­
dred feet) remote control use, through
the u..e of ex ternal circuitry their effec­
tive communication range can be ex­
tended to a lill ie over a mile . The total
cos t for both modules is less than
twenty dollars. To furthe r minimize
cost, off-the-shelf circuit assemblies
arc used were possible . Total cost for
all three of the e lectronic modules
used in this project is less than fifty
dollars.

T he lra nsmitter

Figure 1 - Transmitter sche­
malic. A Radio Shad ~ milliwatt RF
output. SAw -dc vicc-cornrollcd. 433
MH/. AM transmitter modu le (Radio
Shack #900·6R96) is used as the core
c lement for the telemetry transmitter.
A 40 11 quad 2· input NAND gate is
used as a variable pulscwidth osc illa­
tor. The resistance of the thermistor.
R I . determines the width of the output
pulse. Output from the .tOI l is sup­
plied to the input of a 4046 phase
locked loop integrated circuit. Here ,
the pulse provided by the 401 1 is con­
verted to a tone pulse. Potentiomete r
R3 is adj usted for a tone frequency of
about 2 kHz . This 2 kH/. tone pu lse is
capaci tivcly coupled to pin 6 of the
transmitter module ("Code in" or
modulation input).

RF output from the transmitter is
taken from pin 5 of the transmitter

module and supplied to the input o f a
Vcctronics I..f...t.+K 433 ~IHz RF ampli­
fier. Although thi s amplifier is prima­
ri ly designed as a preampl ifier for
rece ivers, in low power applicat ions it
abo works very well as an RF power
amplifier.

Using the RF am plifier, output from
the transmitte r module is increased
from 8 milli wutts to about 80 milli­
watts. Usi ng an impedance matching
network at the output of the amp lifier
was ex perimentally determined to he
unnecessary at the power level s being
considered in this application. T his RF
output level is sufficient to ens ure rcli­
able data collect ion from the design al­
titude of 2,000 meters. Power for the
transmitter is provided by a standard
Duracell 6LR6 1 alka line 9·voIt ba t­
tery. A closed circuit two conduc tor
jack, 11 , is used as an on/off switch
when the transmitter package is in­
sta lled in the rocket airframe. A blank
plu g is inserted in the jack to remove
power from the transmitter.

T he receiver

Figure 2 - Rece iver- schematic. A
Radin Shack 4 33 MH z A~t rece ive r
module (Radio Shack #900·6895) is
used as the core clement for the telem­
e try receiver. Rad io Shack does not
provide a schematic of the receiver.
However, from an examination of the
component layout on the min iature
c irc uit board, the recei ver appears to
he of the super-regen type. A 7805

five-volt regulator is used to provide
power to the receiver. The same
Vectronics kit used as an RF power
amplifier for the transmitter is a lso
used with the receive r as an RF ampli­
fier at the front end of the rece iver. A
Rainbow Kits AA I audio am pl ifier kit
(Radio Shack #900·6895) is used on
the hack end of the rece ive r. A two­
conductor open circuit phone jack is
placed in parallel with the speaker to
supply aud io to a small tapc recorder.

T he telemetry decoder

Figure 3 - Decoder schematic. An
L~15 5 5 timer IC is connec ted as a ftc­
quency-to... voltage converter. The val­
ues o f resistance and capac itance used
with the IC arc selected for a pu lse
tone frequency of about 2 kHz. Voltage
output fro m the decoder varies from 0
volts with no pu lse input to about +5
volts with a 2 kHz tone input. A 5 me­
gohm potentiometer is used to uttenu­
ate output of the decoder for usc with a
strip chart recorder.

An SPDT switch (S W2) i,.s used to
bypass the 5 meg pot for output to a
computer or other recordi ng device.
Before the te lemetry sys tem is used to
gathe r data in flight, the entire
rockctsondc transmitter payload pack.
age is enclosed in a sca led chamber
and exposed to a range of tempera­
tures. Output from the received and
decoded signa ls are recorded and used
as calibration data. The participating
students usc the calibration data to
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SWl
wire. and the remaining w ire is dressed
close to the surface of the board.

The next step is to install the trans­
mitter module . Thi s module must be
installed with the large round can on
the hoard faci ng away from the modu­
lator sec tion. This will ensu re the cor­
rect pin seq uence on the board. Make
sure that the bare power lead with the
ferr ite head does not contact any part
of the transmitter mod ule.

Tu rn the PC board o ver to the foil
side . Solder capacitors C4 and C5 (0.1
IJF and 100 pF di sc ce ramic ) between
the positive power pad and the ground
bus. It is important that you use zero
lead length when soldering the capaci­
tors in place . The ne xt ste p is to fabri­
cate the RF shield. Cut a 17mm by
19mm rec tangle from a sheet of .005
brass. Solder three of thescrap compo­
nent leads to the brass plate as sho wn
in the sh ie ld detail. Mount the sh ield to
the board and so lder in place . Ensure
that the plute doe s not co ntact the
transmitter modu le .

The Vectronics I444K RF amplifier
ki t is assembled per the instructions
supplied with the kit. When winding the
three-tum coil. make sure to keep the
turns close together, Once the Vcctronics
kit is assembled , scrap component leads
will he soldered to the Vectronics kit to
convert it to a module that can be
mounted o n the transmitter PC board .
You will need five lengths o f scrap
lead material.

Solder the leads in place so that most
of the lead projects below the foil side
o f the Vectronics PC board . Make sure
to c ut o ff any small excess lead lengths

< J l

PUT

<"

s

Figure 4 - C om po nen t placement
diagram (t ransmitter), Make sure to
save a ll of the co mponent lead cut­
lings, as you will need some of them a
bit later. Note that the leads o f capaci­
to r C2 (4.7 IlF electrolytic ) are left a
bit long so that it can be bent o ver the
integrated circ u it UZ. This is necessary
to allow the assembled unit to lit into

the rocket payload housing.
A short piece o f hookup wire is co n­

nected to the free lead of capacitor C3
(0. 1 IlF d isc ceramic), and the othe r
end of the wire is so ldered to the PC
hoard as shown in the compone nt loca­
tion di agram. Take one of the longer
component lead cuttings and slip the
ferrite bead o ver the wi re . Shape as
shown in the compo nent location dia­
gram. and so lder in place . It is impor­
tant that the ferri te bead be placed
close to the positive bus end of the
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co nstruct pulsewidth vs. temperat ure
templates. After the flight teleme try
data is recorded , the students then usc
the te mplates to "red uce" the telemetry
data by converting pulse wid th to tem­
perature . Du rin g the flight of the
rocketsonde. some of the students use
theodolites to shoo t angles on the
roc ket in flight. Utter, the students use
trigonometry to ca lcu late the altitude
of the rocketsonde vs. time. The students
then combine the two sets of data to
const ruct a graph of air temperature vs.
altitude .

Construction of the transmitter

An approximately six-inch by o ne­
inch printed circuit hoard is used for the
transmitter, A full-size reproduction of
the circuit board foil pattern is shown in
Fig. 5. The first steps arc to assemble all
the modulator components on the hoard.
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o

Fig. 5. Transmitter board.foil side.

that project ubove the component side
of the hoard. Position the Vcctron ics
hoard in place, inserting all the pre­
fabricated leads in the holes in the
transmitter hoard. Make sure that the
Vectronics PC hoard is as close to the
top surface of the transmitter PC hoard
as possible.

Solder a ll the leads in place and cut
off a ll excess lead length on the foil
side of the transmitter board.

Prepare a three-inch length of
hookup wire. Solde r one end to the RF
amplifier output pad on the transmitter
PC hoard. Solder the free end to both
pins of a two-pin connector. This is the
transm itter antenna connection. As
shown on the transmitter board com­
ponent layout diagram. solder the
black wire from the battery snap con­
nector to the negative power bus on the
transmitter PC board.

Prepare three-inch and six-inch
length s or red hookup wire. Slip a

short length of heat shrink tub ing over
the shorter length of red hooku p wire.
Splice one end of the three-inch length
of red wire to the red wire from the
battery snap connector. Slide the heat
shrink tubing over the solde r joint and,
using the barrel of the solde ring iron,
heat shrink in place. Solder the free
end of the three-inch red wire to one
terminal of the arming jack. Solde r one
end of the six- inch red wire to the
switched terminal on the arming jack.
If you are not sure which is the
switched terminal. use an ohmmeter to
check for continuity. When the plug is
inserted in the jack. the switched ter­
mi na l will be open; it will he closed
when the plug is removed.

As shown on the transmitter PC
board layout diagram. solder the free
end of the red wire to the positive
power bus on the transmitter PC board .
If yo u wish, yo u can cut the two red
wires from the armi ng jack and install

a two-pin connec tor. T his will make
for easie r installa tion of the transmitter
package into the payload airframe.

Prepare two se ven-inch lengths of
green hookup wire. Twist the two
wires together to form a " twisted pair"
about six inches long. As shown o n
the transmi tter board layout diag ram .
solder the two wires on one end o f
the " twisted pair" to the points indi­
cated on the transmitter hoard layout
diagram.

Solder the IWO free ends of the
"twisted pair" to a two-pin connector.
This is the connection point for the
the rm istor temperature sensor. T he
thcnn istor will be mounted to the out­
side of the payload airframe and is
connected when the transmitter pack­
age is insta lled in the payload airframe
section. T his completes assembly of
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Photo A. Telemetrv transnuuer

Way Cool Rocket Project,
Part 1
COn fill ued I ro m p age 13

the te lemetry transmi tter. P hoto A
shows the telemetry tra nsmitter.

Construction of t he Receiver

Like the transmitter, the telemetry
rece iver is assem bled on a printed circuit
hoard. A full-size printed circuit foil
pattern for the receive r PC board is

give n in Fig. 7. T he first step is as­
scm hly of the Vcctronics 1444 K Rf
amplifier kit and the Rain bow Ki ts
AA-l audio amplifi er ki t. Make sure to
save all the scrap component leads.

Figure 6 - Receiver component
placement diagram. Asse mb le the RF
ampl ifier and audio amplifier as de­
tailed in the instructions included with
each kit. NOT E: When windi ng the
three-tum coil for the RF amplifier,
keep the turns c lose together.

Us ing some of the scrap component
leads. solde r a wire lead to the input,
output. and po wer points on both the
RF and audio ampl i ti ers. Make sure
that most of the wire lead projects out
from the foi l side of the PC board. Cut
off the ex posed end of each lead from
the component side of the board.
Check to see that the so ldered leads
match with the holes in the receiver PC
board. In stall both the RF amp lifier

Fig. 6. Receiver compollem placement diagram.

14 73 Amateur Radio Today· February 2001
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Photo IJ. Completed receiver hoard.

and the audi o amplifier to the receiver
PC hoard. Scat each of the circuit
hoards as close as possibl e to the com­
ponent side of the receiver PC board
and so lder in place .

Insta ll the rece iver modu le so that
the coi l faces the audi o amplifier, Posi­
tion the module so that you have rnini­
mum lead length and solder in place.
Next. install capacitor C3 ( 10 JlF elec­
trolyti c). Make sure to observe proper
capacitor po larity. Solder C3 in place.
Install V I, the LM7S05 voltage rcgu­
lator Ie. Make sure that the flnt surface
on the IC case faces the receiver mod­
ule. Lea ve the leads a hit long so that
the component can be ben t aw ay from
the coil on the receiver board. Solder V I
in place. Install capacitors C I and C2 in
place next to V 1. Try to usc the mini­
mum lead length on these compo nents
and solder in place.

Usc hookup wire to connect the
speaker and outpu t jack J2 to the audio

amplifier output. Solder an SPST
switch (SW1) in series with the posi­
tive lead from a v-volt buttery snap
connecto r. Solder the battery leads to
the appropriate points on the receiver
PC board .

Photo B - Completed receiver PC
board. I housed the rece iver in a 2­
inch x a-inch x 5-inch Bud aluminum
minibox. The receiver PC board is
mounted on 1/4-inch a luminum stand­
oils and is positioned as c lose as pos­
sible to the antenna connec tor. Photo
C shows the receiver mounted in the
enclosure .

Construction of the decoder

The decoder is a simple enough cir­
cuir to he eas ily wired on 1/2 of a Ra­
dio Shack #27 6- 159 "Dual General
Purpose IC PC Board." Lead length
and component placement arc not
critica l in this ci rcuit. The type of at­
tcnua tor you use will depend on the

input req uirements of the recordi ng
device you are usi ng. I used ba nana
type jacks for the decode r input and
output connections. P hoto D shows
the decoder mounted in its housing.

Testing and tuning

Attac h a short antenna to the re­
ceive r and solder a twelve-inch length
of wire to the lransmiUer RF amplifier
output connector. Temporarily connect
the thermistor to the transmitter. Plug
in a blank plug into j ack J I on the
transmitter. This will ensure that
power is removed fro m the transmi tter,
Temporarily bre ak the positi ve power
lead to the transmitter and insta ll a
milliammeter in series with the posi­
tive power lead. Insta ll a 9 volt battery
to the transmitter battery snap connec­
tor. Connect a 9 volt batte ry to the re­
ceiver. Apply power to the receiver. You
should hear a rush of static coming from
the speaker.

Next. remove the plug from trans­
mitte r J I. T his will app ly power to
the tra nsmitter. You shou ld sec about
10 mi lliamps of current to the trans­
mittel'. At the same time, you should
hear toile pulses in the speaker. Use the
poin t of a woode n toothpick to gently
separate the turns on transm itte r power
ampl ifier coil. Go easy here. as the
adjustmen t required is small.

Adjust for maximum signal strength
fro m the speaker. Use the same tech­
nique to adjust turn spacing on the re­
ceiver RF amplifier co il. Again, adju st
for maximum signa l strength. Power
down the transmitter and receive r and
reconnec t the positive power lead in
the transm itter.

Photo C. Receiver mounted i ll the enclosure,
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Photo D. Decoder mounted ill its housing.



NAME DESCRIPTION

The Gordon West
Transmitter Parts L ist

Cl,C3. C4 o I I'F disc CllrlllTVC eliP, AS 1'272·135
Study Guides

c, 4,7 I'F "ectro cap , AS . 272· 1024 Examination Test

C5 100 pF disc <:e<ilITic cap, AS .272·12:) Questions & Answers

" ThllrmSlor. AS ' 27 1-1 10
for General Class and Extra Class

'"
with explanations of the answers

1001< 1/4 W ..-.sor, AS '271-1347

R3 500k pol. MouMr ' 7'2·T7OYP·5OOk General Class

" 1/lHn open lramll closed ci'CUI jllck. AS 11274-246 $ 12.95
Plus S3.50 S& H

J2, J4 Th<! rmis!o, connector, 2-pin [).aans 1.I!ra plU9, Deans . 1000 (a~aitable from RiC suppl>e rs)

"' 9 V batle<y snap comector. AS #27Q.:)24 Ex tra Class,...... , 433 MHz AM t............ner rTICIdo.Je. AS~ $14.95.

Yed,onics 1444K RF amp kII 43:) I.lHz. AS~ Plus $3.50 S&H

U, 4011B CMOS lJ-lad MNO galli. DIgI-Key .cD4011 BeN-NO Omega Sales

'" 4046 rr....'opo..e. Pll. Digj-Key .c04046BCN-ND P.O. Box 376
RFC·l Fllrrile bead. Moo&e ' . S42·FB64· 110 • Jaffrey, Ni l 03452 EJ
M,ae. COmPOnen!S; O,OO5·in, sheet l)rass; PC bOlIrd " 800-467-7237

Receiver Parts List

C1, C2 0. 1 IIF PC--mour1 cap. AS 11272-1069 SAVE 47%!
on 12 months of 73

C3 10 IIF electro cap, AS ~11296852

Only $24.97u, 780SIC +5 V f89J!lIIor, AS .276-1no
Ca ll 800-274-7373

ModiJle 1 433 MHz AM receive ' module, AS #900-5895

Yedronics 1444K AF amp kII 433 MHz, AS f!99O-0268

RlWt>ow Krt$ M I lOI.dIO amp
RS.".... ' Part 2 of this three-part series will~

sw, SPST fTWIi~ S*IlCh. AS 1127~4 discuss integration of the transmitter

" BNC chasSls-fTl(U'll ;..,:It, AS 11278-I(lS
e lec tronics package into the sounding
roc ket payload section and construe-

" 2-wnduclor open lrame jack, RS ' 174·251 tion of the telemetry trad ing antenna.
s. " 1. loin. my1a. m.... speaker, Mouser '253-5011 Have fun ! Fa
M,sc; ....,IjXIi_ ;9 V t>ane<y snap (AS f270.:)24J; 9 V battery holder (AS 11270-326); eh.mrun minibo~; PC bOlI'd

I Decoder Partlli L i st

~ 24 •C' O.lI1F cap. AS 11272-1069

ca 0 .22 I'F cap, AS '272·1070

A1. R2 4,7k ' 14 W resilllOf. AS ' 271·1:)30 ~

R' 1k 1/4 W resislor, RS 11271-1321
17

'" ~ meg pOI. linear tap&r, Mouser .:)IVC605

'n Audio If... ostorrneo, AS 1273--1380

ut l M555N IC tmet, AS '27&1723

SW, $PST toggle S!W!ICh. AS 1275-62.

SW, SPOT toggle 'WllCh. AS #275-625

J1 ,J2,J3,J4 Banarl9 jac k., AS #274-661

lAt$C. ....,IjXIi_. 9 V battery W'tIlP (AS '270-324): 9 V battery holder (AS 11270-326); small p1as!lC bo~; PC board (AS

8 -r- 6 --+-8 ---1 2
' 276-159)

I ~ i'-
Comporoent SUppli ers

SHIELD DETAIL
NAME ""' (tAEASUREIrIIENTS IN MJrI()

R"""""",, www AadioShilck,com Fig. 8. Shield detail from Fig. I .

D;gi·Kay www,d;gikey com

Mouser E~rOOlCS www. mouse' ,com Table I. Parts lists,
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