
Hugh Wells W6WTU
1411 18th 51.
Manhattan Beach CA 90266-4025

Inside a Lampkin
More secrets ofdeviant behavior:

Test equipment is a ham 's best friend! I suppose y ou 'II ask me to justify or explain
what I mean by that statement. I may not have a complete answer, but test equipment
is like any tool - it has a designed use or an intended application.

1'11010 A . This a 1957 adfor La mpkin.
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n some cases. the application is very specific and when
the equipment is needed. it is NEEDED r-.:OW! The rest
of the lime it wi ll sit idle on the shel f gatheri ng dust. II' s

during this idle period that the owner becomes complacent
and considers parti ng with the equipment to make room for
something "new" and more in vog ue with current interests.

During the years (If manufacture. Lampkin offered both a
deviation meter and a frequency meter as indicated in the
1957 ad shown in Pholo A. These were both valued instru
ments thai were required 10 set up FM communication ra
dios for commerc ial and ham radio applications. Photos B,
C. D. and E show various views of the FM modu lat ion
meter tha t is be tte r known by hams as a "decv me ter."

Being a deviat ion meter. its application is quite specifi c.
because it was designed to measure on ly the carrier Ire
qucncy dev iation of an FM transmitter. Since most of us usc
comme rcia lly built ham equipme nt where the deviation of
the carrier frequency is set by the fac tory. we tend to ignore
the fact that we. as hams. are respons-ible for the signa l gen
erated by our transmitter, regard less of who made it. Unlike
our cars that get serviced periodically. our ham transmitters
never get serviced or checked unless there is a catastrophic
fai lure.

My point is that we ' re responsible for the emissio ns from
our transmitte r. and that includes the amount of frequency
deviation produced by the transmitter, Whcn operating
through a repeater. the repeater establishes a pseudo devia
tion requirement of 5 kH7. in most cases. and distortion in
the au dio may occ ur should we exceed that amount. Li s
ten ing to our signa l at th e output of the repeater gives us
a fair idea of our transmiucrs deviation - di stortion vs .
no distort ion .
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Photo H. Front-panel view of the lampkin frequency deviation
meter.

t 'tuu o c. Rear d ell' of the deviation IIIt'ter. Provisions lI'e re made
for connecting (11/ oscilloscope.

Those of us charged with the respon
sibility fo r sett ing up and maintai ning
a repeater system must ha ve access to
all instru ment capable of measuring
frequency deviat ion such as the Lamp
kin. In add ition. most repeaters utilize
a subaudiblc tone <CTCSS) to enable
the repeater operatio n. and this tone
has a spec ifi ed freq uency deviation.
A lthough the FCC may not speci fy the
CTCSS tone deviation, (he tone must
mee t se veral cri teria:

I. The waveform must be a sine
wave .

2. Deviation must be high e no ugh to
rel iably activate (he repeater ' s decoder.

3. The de viation le ve l must he low
e nou gh to not di srupt the nor mal voice
channel communication.

So how do we. as hams. measure the
frequency de viation emitted by our
transmitter '! The too l designed to per
form the measureme nt is a deviatio n

meter such as the Lampki n. lt gi ves us
the "eyes" 10 view the de viatio n o f the
emitted signa l that is d isplayed on a
rueter as a deviation val ue . T he
Lampkin was desig ned specifi ca lly for
measuring e mitted signa l deviation of
an F~l transmitter operating in the ham
bands from approx imately 6 meters to
70 em. It is also capable of measuring
the dev iation of the CTCSS tone
generator with in the transmi tter.

When using the Lampki n. the mea
sure ment is ve ry sim ple and requires
only a few moments of time . Because
of the sho rt te st time it is easy to di s
count the importance of making the
measurement that is needed to ensure
that our tranxmiuer meets the FCC re
q uirement. Checking the de viation of
our transmitter periodically is like
c hangi ng the o il in our car. it' s good
insurance.

Deviation theory

Devia ti o n of an FM s ig na l IS all

insta nta neous a nd a direct function of
the modulating audio 's ampli tude
measured from the carrier' s rest ing

frequency to the plus or mi nus pea k
excursion. In esse nce . that means the
lo udness o f a voice introduced in to the
microphone contro ls the peak devia
tion of the e mitted signa l. However. 10

reduce the possibi lity of creat ing dif
feri ng amounts of de viatio n fro m ra n
dom operators. transmitter designs
incorporate an audio peak limi te r set
up to pre vent "ovcrmodulation." D ur

in g. normal usage. voice ampl itude
peaks sho uld not be qui te high e nough
to fo rce the limiter into action. Doing
so cou ld create audio distortion.

An important term in FM modula
tion theory. besides devi ation. is the
RATE OF D EVIAT IO:-': . The rate is
the speed that the carrie r moves while
deviating and is a function of the Ire
q uency of the aud io prod uc ing the de
viat ion. Whe n the deviation va lue and
the rate of deviati on arc combined. a

t 'hoto /J. All inside top "iell' of the chassis ami tube layout.
Plwfll E. Inside bottom \'it 'll' of the LOII/pk ill deviation meter. Note
the mechanically stable design.
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Fig. 1. This is a complete schematic for tl l.ampkin model 205A FAt modulation meter.
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modulat ion index value is establi shed.

Ham FNI transmi tters are limi ted to a
modulation index of 1.67, where the
index value es tablishes the maximum
bandwidth to be occupied by the emit

ted signa l. Modu lat ion index for a sig
nal is found by dividing the peak
signa l deviation by the highest audio
frequency being transmitted.

Measuring deviation

There arc several methods available

to a ham that arc suitab le for measu r
ing devia tion , such as a Lampkin FM

modulation meier, oscilloscopic spectra l
di splay. Bessel functions. etc.

Bessel functions are used as the basis
for calibrating all dev iat ion measure
ment equipment because it is accurate
a nd repeatable. The technique ut ilizes
a carrier null that involves the observa
tion of when the FM carrier amplitude
passes through a null or zero point.
The carrier amplitude will predictably
pass through a null at several modula
tion index poi nts such as M = 2.405
and M = 5.52 as the first two of a series
of null s.

Ca libra tio n of de viat ion in vol ves

app lying a single sine wave audio
voltage of known frequency to the
voice input of the transmitter and in

creasi ng the audio amp litude until the
carrier reaches a nu ll. The null is de
tected as a loss of heal note in a CW
or SSB rece iver or as a carrier loss as

observed on a spectrum analyzer. If
the modulating audio frequency were
I kHz. the n at the first null the devia

tion wo uld he exactly 2AOS kblz, and
would be exactly 5.52 kHL at the second

null. It is usually easier to detect the fi rst
null than the second whe n listening 10

a beat note.
For ca libration purposes, it is prefer

able to identify specific or whole num
ber deviati on values instead of using a
number like 2AOS kHz. Therefore.
specifi c audio frequencies can be cal
culated for a value of deviation by us

ing the fo llowing equations:

F<It, = A F x M(at null )

or

Fig. 2. Block diagram of the Lampkin 205A FM modulation meter. Tile design uses a
single conversion superhet receiver utilb ng a dual-slope FM detector.
28 73 Amateur Radio Today· September 2002
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Audto Frequency Values

0- n, In kHZ) 1Sl ...... (in Hz) 2nd ...... (in HzI

, .1 5.8 181.2

, 831.6 sea

3 1.2.-7.4 543.5

• 1663.2 724.6

5 20190 905.

• 2.901 8 1086.9

1 2910.6 "'"
Table 1. Audio frequency values required
10 create a specific deviation using either
the first or second null.

r------------------------~I LED FLASHLIGHTS (and moret) • Lasts 4 times longer than regular I
I flashlights I
I . Lifetime warranty incl uding LED I

lights
I . Shockproof I
I . Features 4 high intensity LED I
I lights I
I . Powered by 3 AA alkaline baneries I
I Colors: white. blue. red. and green I
I D & L Antenna Supply Co. After conti nuously being turned on for I
I Secure Ordering On Line at 14 days (336 hours). it was possible to I
I www.wavehunter.com read a newspaper using only the output I

1-800-965-8880 from this amazing system. This item
I Prices from $4.95 to $59.95 sold out at Dayton! I
~------------------------~

Table 1 provides a list ing of audit)
freque ncies tha t wi ll produce spec ific
values of deviation that were derived
from the equations. The table indicates
va lues for both the first a nd second
null. Setting up ca lib rat ion at a single
nu ll is generally a ll that's req uired, but
some times the second nu ll provides
confidence in the measurement at the
first null.

Ham Mall
11Je world 's largest internet store dedicated 10 Ham Radio!

www.HamMall.com
This is the in ternet store that has it a ll! Open 7 days per week - 24 hours per
day. Browse through our cata log vie wi ng pictures.descriptions, accessories,
and our low prices . If you are looking for a hard to find item. Ema il us at
Bill @H am Mall.com, and we will try to locate it for you.
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•f-'1 fIelll IIIOIl' anvnablI
WI irIcIudIId li:rJ1lad

" 1IIelrts all FCC
ideotIIIcahon~

• Eighl jliOll' • ••, ...ble.
I lill I it'll " I J9"$

• fullv erdoMd CTCSS.....,
• AJ I 32 EIA lOneS nom
67 0 to 203 5 Hz included

• Pe rfect lor mobileI
base appliCations

TE-32
525' • 33" • 1.r

lH 2 ...1l1·1DH CTCSS &leN'" $49.95

• 51 CTess Tones
• 106 OCS Codes
• 5oclPorts 157f\etluIer Suflsa1ller5
• ()HiIe Comput..- Help
" flepeater CW ID
• Ail T+IllI l oading& AniIy$I5G~

• Signaling Formats' CTess
OCS &DTMF

SS-604 CTCSS Encoder
66' l l .l13' l .21·

SS-W DIP S.llcll ,,",grtlllmabl. eTeSS bccMIer S21.95

• OIP $WiIdl ptOllr~mable
• Uinialllll! in $il\I
• 37 ( IA lOneS, 27 non·standard
teres ncrn 33.0 10 2s.4.1Hz ffltkJded

• neerse BU~1 buin·in
• Easy 3 will! llool<up

Tp·3200 Share<! flepeater TOOl! Panel

TP-32DO DTib!' Top Versi on $261.15 each rA::::Sl
TN200RM-A Single RackMounl 'Il1lon $271,95 each ~

"TP-320ORM·I lrip l. Riel Moont V8l1lon $279.15 eath I~ I[H Aulomatic Morse Code Illefltihllf
' Holds up IoIl1Il11 TP·3:/00s ~ 185' . 1.12". ,35'

Call o r write to receive our ID-I AlrtDlllltic Morse SIIIIOI Idenlm., $69.95

fu ll Product catalog '" vi.. .COMMUNICAnONS SPfCIALISTS, INC_
our Web site for complete = _<Qt; K£Sr TAFTA~ " ORANGE. c.-~
intonnation 8t: i_ m.-J 998-3G21 • FAA(114)91~

hUp:llwww.com-spec.com _"E';:'';~~.t-~. (8OD)~

When in Seattle visit us at:
Radio Depot, Suite 176, 5963 Corson Ave., So. Seatt le, WA 9H lO8

Phone (206) 763-2936 Fax (206) 763-4 172

C hec k c ut all we ofTer !

Call Wall QSL Manager Listing News , Announcements and Specials
Ham-to- Ham Discussion Groups Ham Shack Photos

VisalMaslerCard accepted on line. Free shipping in continental US on all orders over $ 100.

Inside a deviat ion meter

To measure deviati on with a n instru
me nt such as the Lampkin, the emitted
signal must he detected and the peak
carrier shift must he dete rmined using
a calibrated reference . T he Lampkin
uses a linear "S" c urve produced by a
du al-diode slope detecto r to convert
carrier deviation to an instantaneous
(peak) AC vo ltage that is di splayed on
a calibrated meter, When se tt ing up the
de viat ion meter, the "S" curve must he
evaluated or calibrated against a
Besse l function measurement.

Fig. 1 shows a complete schematic
for the Lampki n FM modulati on
meter. wi th a block diagram shown in
Fig. 2. It's gene ra lly easier to fo llow
an overall device function wi th a block
di agram. The Lampkin utilizes a con
ventional superhet receiver design that
has a n untuned inp ut and mixe r. With
out tun ing, the input will accommo
date any signa l creating a strong mix
with the loca l osc illator, incl uding any
of the oscillator 's harmonics. In es
sence. the input of the Lam pkin will
accept for deviation measureme nt any
signa l operating from about 24 MHz
up to 500 M Hz. The local osci llator is



Fig. I and the hardware pictured in
Photo B carry the same model num
ber, the hardware has so me slight dif
ferences in internal wmng. The
schematic matches the ad hardware
sho wn in Photo A. The basic model
diffe re nces are in the measurement
scales. "vhere some models are sing le
runge whil e others arc mu ltiple range .
Otherwi se . the o perat ion 31lJ capabil
ity arc essentially the same for all
models,

For the age of the instrument. it has a
very stable design that was well
thought out for the application. As a
result, the instrument is well suited for
ham rad io measurement applications.

.11111.0

....'~ I' .....

+

+

Fig. J . A detailed layout of tile dua l-slope detector, amplifier, and AC volnneter used f or
making a frequency deviation measllremellt.

I-"ig. 4. This is the 8('1 1('ra l shape of tile "5 " clin e produced hy tire
dual-slope FM detecmr: The CUIT t,a ends are set at :i:60 klh A
linear deviation mea,\wy.'m('1lf /IIay be mode (1 / values below 25 kJ1:.
30 73 Amateur Radio Today· September 2002

I . Warm up the Lampkin for a
minimum of 15 minutes to min imi ze
oscillator drift .

2. Press the "quiet" butto n and adj ust
the meter ZERO adj ustment to achieve
a ZERO reading o n the meter.

3, In the T UNE MAX position ,
couple the input signa l to ac hieve a
me ter indication of 5- 8 kHL wh ile ad
justing the mai n tuning dial - any dial
se tting that achieves the desired sig na l
le vel is correct.
~ . Select T UNE ZERO and adj ust

the fine tuning knob for a ZERO
meter ind ica tion. Verify the zero se t
ting by toggling the POS-!\EG
swi tc h to a verage the ind ic ation .

5. Selec t MODULATION and speak
into the microphone using a reasonably

Maki ng frequency deviation mea
surements with the Lampk in is very
easy and requires only a few moments
of one's time . The important thing to
remember is that ample signal must he
coupled into the instrument. Coupling
is accomplished by d ose proximity of
the Lampkin 's antenna to that of the
transmitter. With the instrument's se·
lector switched to TUlS"E MAX. the
signal amplitude coupled into the lamp
kin should cause the meter poi nter to
rise to a value of 5-8 kl- lz, hut not ex
ceeding 12-1 5 kHI.. where saturation
cou Id occur.

The ste ps for sett ing up the instru
ment and making the measurement are
as foll ows:

Using the La m pkinsignal amplitude and that reduction is
important when making a deviation
measurement using an FM detector.
The objective being to me asure the
carrier deviatio n. no t di splay the no ise
as a factor o f deviation.

Referring to Fig. 3, the FM detector
used in the Lampkin is a dual-diode
slope ~1 detector. In reality. it is two
A.\1 detectors offset in frequency such
that the combined outputs will produce
a linear "S" c urve over the desired de
viation measurement range . To obta in
a linear "S" curve, only a portion of
the curve is suitab ly linear fo r mea
sureme nt applications. As shown in

Fig. ~. the total
frequency offset
in the two detec
tors is 120 kHz.
and the maximum
measurement por
tion used is 50 kHz
(+"'5 kHz ). How
ever. most ham l-~1

sys te ms uti lize
only the ±5 kHz
portion of the
curve .

Apparently there
were several mod
cis o f the Lamp
kin deviation meter
made . with each
having the same
model number hut
slight differences
in the ci rcuit . A l
though the scbc
matic show n in

I
I

I
I
I
I

o
o

,------ ---
+ - ---- ---
o

designed to operate o n a fundamental
freq ue ncy from about 26 to 49 MHz
to prov ide a sig na l mix into an IF of
2 MHz.

To ward off inad vertent sig nal mixes
with wea ker sig nals found on the vari
ous bands. the recei ver's gain factor is
intentionally lo w. A fairly st rong sig
nal is required at the Lampkin 's an
tenna. and one of the bene fits is noise
reduction that improves the reliability
of the measurement . If you ' ve ever
opened the sq uelch of an FM receiver
you 've obvio us ly heard the whi te
noi se that emanates from the speaker.
White noise is reduced as a functio n of



Local Oscillator
fr<q..ency - mHz x2 ,4 >5

Multiplia
x6 x7 ,8 ,9 xlO xn

HOUSTON AMATEUR
RADIO SUPPLY

147 196 245 294 343 393 441 490 539

26
T
U
N
J
N
G

49

52

98

78 104 130 156 182 208 234 260 286
"1.67 Cypresswocd Dri ve ' Spring . TX 77 388

800-.171-7373
Local. "1.8 1·355·7373

ema il : ho uctonamateurradio @pm d iR.\'.nl"t
CO\ IPI.F:TE S.-\U :S & St:R\'ICE

Yae~o , !com. Al.ino:o. AD!. Hostler. Cosho: raft

good deals on
what you want

Fig. 5. This chart .dulII's the local oscillator 's tuning range with the usable frequency
{'Ol'erase via harmonic mixes. The typical measurement nmgr is frosu 2-1-500 Mil:..
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such as the Lampkin. it is rarely used
un less the operato r is involved wi th
freque nt eq uipment maintena nce ac
tivities. But as a ha m. we 're respon
sib le for the emissions from ou r
transrniuer regardless of who made
a nd/or mai nta ins our eq uipme nt.
Therefore . it's wise to pay atte ntion
and measure the e missions from our
gear on a period ic basis. Lampkin FM
modulation meters are usually avail
able for a low price. making the m a
valuable piece of equ ipme nt to ha ve
incl uded in one 's test eq uipment
stable.

The following refere nces arc pro
vided for those in terested in further
study of FM mod ulation theory and
measuremen t tech niques .

s teady voice note. O bse rve the meter
read ing for the indicated peak deviation
value.

6. Test complete .
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Conclusion

Test equipment by default is desirable
on ly when it's needed to make a mea
suremc nt. With a piece of eq uipment

Your Ad Cou ld Be Here!
Call

Frances
al

1-800-677-8838

for
rates
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