
rH{
AND

rH0
FIETD EFFECT

METER

0
il
7
0
0
In

IVIANLJAL



INSTRUCTION MANUAL F-OR TT]E SENCORE trE11 & trEI6
FIELD EFFECT METERS

The Sencore FEl4 ar-rd trE16 tr ield Effect Meters are a revolut ionary new cor-lcept
in test meters. Ttrey take al l  the advantages of a VTVM and combine them with
the advantages of a VOM to make an extremely versati le meter. I l igh input im-
pedance or-r al l  AC & DC voltage ranges, peak to peak AC measurements, & DC
zero center scales combined with zero warm up t ime, DC current ranges, and
VOM portabi l i ty makes the Field Effect Meter a truly great instrument. Anyone
in the electr ical or electronic f ields - service technicians, engineers, f ield eng-
ineers, hams, experimenters etc. - wi l l  f ind that the tr ield Effect Meter is the
complete answer to his measuring needs.

No other meter in the FEl4 or FElb class has a. l l  of these features in one instrument:

* I I igh input impedance on both AC and DC voltage ranges (10 megohms
and 15 megohm)

I True peak to peak AC ranges.

* Zero center ranges for sol id state servicing.

*  DC cur rcn t  ranges  fo r  genvra l  tes t ing .

* Mirrored scale meter for greater accuracy ir-r readings.

* Meter protected from overloads.

" Circuit  protected from accidental appl icat ion of wrong voltages.

* Al l  steel constructiorl  for greater durabi l i ty.

* Battery operated for complete portabi l i ty.

F-E1.T SPECIFICATIONS

DC VOLTS
Ranges: 0 to l ,  3, 10, 30, f00, 300 and 1000 FULL SCALE

- . 5  t o . 5 ,  -  1 . 5  t o  1 . 5 ,  - 5  t o  5 ,  - 1 5  t o  1 5 ,  - 5 0  t o  5 0 ,  - 1 5 0  t o  1 5 0
and -500 to 500 ZERO CENTER SCALE RANGES

Input Resistance: 15 megohms shunted by 14 PF.
. , \ ccuracy :  +  2 I /2%
AC Rejection: 30 to 300 t imes (30 to 50db).

AC VOLTS
Ranges:  (Rms)

0 to 1, 3, i0, 30, 100, 300 and 1000 FULL SCALE
Ranges: (Peak to Peak)

0-2.8, B. 4, 28, 84, 280, 840 altd 2800 Ful l  Scale, frequenc,
compensated

Ir-rput Resistance: 10 megohms shunted by 29 PF,
Frequencv Response : 

5jf,';.ii,:i io,lY["or",
A c c u r a c v :  + 4 1 / ) q



OIIMMtrTER
Ranges: 0 to 1000 ohms, 10K, 100K, 10 megohms and 1000 megohms
Accuracy: * 2 degrees ARC

DC CURRENT MEASUREMHNTS
Ranges: 0 - 100 microamps, lma, l0ma, l00ma and 1 Ampere
Accuracy: * 3/o
Intcrnal Voltage Drop: 200 MV

I--E16 SPECIFICATIONS

DC VOLTS
Ranges:  0  to  1 ,  3 ,  10 ,  30 ,  i00 ,  300 and 1000 FULL SCALE

- . 5  t o . 5 ,  - 1 . 5  t o  1 . 5 ,  - 5  r o  5 ,  - i 5  t o  1 5 ,  - 5 0  t o  5 0 ,  - 1 5 0  t o  1 5 0
and -500 to 500 ZERO CEN-t ' trR SCALE RANGES

Input Resistance: l5 mcgohms shunred by 14 PF ar jack or 37 pF rhru cable
A c c u r a c y :  + 1 , 5 %
AC Rejection: 30 to 300 t imes (30 ro 50db).

AC VOI-TS
Ranges:  (Rrns)

0 to l ,  3, 10, 30, 100, 300 and 1000 trULL SCALE
Ranges; (Peak to Pcak)

0-2 .8 ,  8 .  1 ,  28 ,  81 ,  2 '80 ,  81O and 2800 t ru l l  sca le ,  f requency
compensated

Ii .rput l lcsistance: l0 megohms shunred by 29 Ptr ar jack or l l8 pF tt i ru cable
Irrequency Response: tr lat:  25tIZ to IMHZ

3db points: l0Hz to lOMHz
Accuracy: * i) lo

OI ]MMETER
Rar.rges: 0 to 1000 ohrns, l0K, 100K, 10 megohms and 1000 megohms
Accuracy: * 2 degrees ARC

I)C CLIRRtrNT MEASUREMENTS
Ranges: 0 - i00 microamps, lma, l0ma, 100ma ar-rd 1 Ampere
Accuracy: + 3/o ful i  scale
Internal Voltage Drop: 200MV

CENERAL SPECI t r ICATIONS ON FEl4  AND FEI6
ted and isolated from rnput

I\4ult ipl ier Resistors: 1/o precision r lpe on trEla; I /2/o on FEl6
Ohms Battcry: 1. 5V "C" cel l ,  Eveready Type #1935 or equivaient
Power supply barrery: 9 volt ,  Eveready Type #222 or equivalent
Weigh t  ( less  Bat te r ies ) :  3 -1 /4  lbs .
l ) i m e u s i ( ) n s :  5 "  w  x  7 - 3 ,  l 6 " h  3 - l 7 l 6 d
Accessories: I l igh Voltage probe (39A19) extends range to 30KV,

CONT11OLS ON TIIE II1J1.{ & FE16

'fhe Irield Hffect Meter is as simpie to operate as a standard VoM. panel controls
includethe RANGE swirch, I . 'UNCTION switch, meter ZEROADJ, OI{MS ADJ, and
the off-on switch. ' I 'he fol lowing is a brief descript ion of each conrrol and how it
i s  used.



OtrF'-ON swltch: The OFtr-ON switchcontrols the powerto the circuit in theField
Effect Meter. In the OtrF posit ior-r,  the bartery is ci isconnected from the circuit
and the meter is off . In the ON position, tl-re battery voltage is applied to the circuit
and the meter is ready to go. A redflag appears in the switchopening to indicair:
when the Field Effect Meter is on. When measuring current, the OtrF-ON switch
may be left  in the OI]F posit ion as no battery power is needed.

ZERO ADJ: The ZERO ADJ is used to poslt ion the pointer of the meter over the
zero on the extremeleft of the meter scalc or to posit ionthe pointer on the center
zero when using the zero center raltges of the Field Effect Meter.

OHMS ADJ: The OIIN{S ADJ is the same as that foundon most meters. Prior to
measuring resistancc, the test leads are shorted together and the OIIMS ADJ is
rotated for a ful l  scale deflect ion (zero ohms) as read ot-t  the ohms scale of the
meter .

FUNCTION SWITCI I:  
' fhe ITUNCTION switcl.r  selects the t1pe of measurement to be

preformed. N4inus or Plus DC Volts or MA, AC volts or OI IMS and the BATT. Cl IK.

RANGE SWITCI{: The I lANGE switch selects the desired rauge of currcnt, voltage,
or resistance to be mcasured.

S I  I I E L D E D  L H A D  O N  T I  I L  F E I 6

The FEi6 l i ieid Effect Meter is equipped with a shielded lead onthe posit ive ir .rput
lead so that accurate AC measurements can be made in the presence of strong
electrostat ic and magnetic f ields. The shield, which is also effect ive on high ohms
ranges, is only connected when using the AC Volts/Ohms fut-tct iot-rs and is dis-
connected when makir ig DC measurements to prevent capacit ive loadir-rg of the circuit
being measured.

Testlead connectior-rsto the trE16 are madcthrough the redand blackbanana jacks.
The shield connects through a small  pin jack (plainly marked) so that i t  cannot be
mistakenly used as oue of the test lead coitnectiol ls.

OPI IRATING TI  IE  FEl4  and F I :16

The Sencore Ir ield EffectMeters are simple and easyto operate. Set the Function
switch tot l-re desired test tobe preformed, theRANGE switch tothe desiredrange,
connect theieacis and readthe results onthe meter. Here is abrief descript iot-t  of
how each test is performed.

READING DC VOLTS: To read DC volts, the Function swltchis set to either plus
or minus DCV/MA. The Range switch is set to the desired range of voltage from
one volt to 1000 volts full scale. if the voltage to be measured is unknown, start
with the highest range and work down unti l  the voltage can be measured. Connect
the leadsto thecircult  andreaci t l - ie results onthe meter. When measuringvt-r l iage
ir-r Rtr-IF circuits, a 100K isolat ion resistor at the end of the red test lead wil l
reduce capacit ive effects without effect ing accuracy of readit lgs.

Thc DC voltage is readon the two blackscales justabove the mirror onthe metel.

The top DC scale is from zero to 1.0 volts and each malk is equal to .02 volts.
The boitom scale is zero to 3. 0 volts and each markis equal to .  I  volts. The zero

to 1.0 scale is usedfor rhe l ,  10, 100, and 1000 volt  ranges and the zero to 3,0

scaie is i ised for the 3, 30, and 300 volt  ranges. In use the meter indicatiot l  is

multiplicd by i0, 100, or 1000 deper.rding upon the range. For example, if the



range switch is onthe 10 volt  range and the meter reads .42 volts, the actualvol-
tage is  .42  t imes 10  or  4 .2  vo l ts  DC.

READING AC VOLTS: To read AC volts, the Function switch is ser ro rhe ACV/OHMS
position and the Range switch to the desired rar-rge. For RMS voltages the two
black scales marked AC (RMS) are used. For peak to peak voltages, rhe cwo red
scales direct ly belowthe AC (RMS) scales are used. The readings are mult ipi ied
in the same way as with the DC scales, to obtain the actual voltage presenr. Orl
the  zero to  1 .0  AC (RMS)  sca le ,  eachmark  is  .02  vo l tsand on the  zeroro  3 .0vo l ts
sca1e, each mark is . l  volts. Orl the zero to 2. B volts AC (P-P) scale, eachmark
is .1 volts and on the zero to 8.4 volts scale, each mark is .  2 volts.

READING DC VOLTS ZERO CENTER SCALE: The zero cenrerscalesareused ro
read plus or minus voltages without the necessiry of changing polari ty with the
leads or Function switch. To use the zero center scales, set the Function switch
to plus DCV/MA posit ior l  and adjust the ZERO ADJ unti l  rhe meter reads at the
zero mark in the center of the scale. This gives ranges of plus or minus . 5 volts
(top scale) or plus or minus 1.5 volts (bottom scale) t imes 10, 100, or 1000 de-
pending uponthe setting of the range switch. If the range switch is in the 300 volt
posit ion, the zero to 1.5 volts scale is usedand becomes zero to 150 voltsplus or
minus. If the meter swings up scale or to the righi, it is a positive voltage. If
the meter swings down scale or to the ieft, it is a negetive voltage. This unique
feature allows you to determine the polarity as well as the amplitude of a DC vol-
tage and is very handy in solid state servicing.

READING OIIMS: To read resistance, ser rhe Funcriorl  switch to ACV/OHMS and
the Range switch to the desired range of resistance to be read. After checking to
see that the meter ls "zeroed" at the left edge of the scale, short the leads together
and adjust the OHMS ADJ corltrol for full scaie deflection of the merer. Ur.rshort
theleads and be sure that themeter returnsto the extremeleftof the scale. Place
the unknown resistance between tie two leads and read the resistance on the OI{MS
scale (top red scale on merer). Multiply the reading on the meter by the range
used. For example, i f  the meter read 15 and the range switch was set on RXl00,
the actual resistance would be l5 t imes 100 or 1500 ohms. A sl ighr osci l lat ion of
the meter pointermay appeardue to AC pickupon t i te RXl megraltge. I f  this occ-
urs, move to a better location to make measurements. On the FE16, this can be
elimenated by plugging in the shield in the shield jack on the front panel.

MEASURING DC CURRENTT To measure DC current, the Funcrion switch is set
to either the plus or minus DCV/MA posit ion and the Range swirch to rhe desired
range of current. The power to the trield Effect Meter does not have to be turned
on and may be left off to conserve on battery life if you so desire. Connect the
leads in series and read the resultant currenton the meter. The 0 to 1.0 DC
VOLTS (MA) scale is usedon al l  currentmeasuremerits. I f  the meter readsback-
wards, ir-rdicating that theleads are reversed, simply change the polari ty with the
Function switch to the opposite polari ty and the meter wi l l  read up scale,

MEASURING L{IGI] VOLTAGE WITH THE FE14 AND F'E16

CAU'IION: High voltage is dangerous and caution should be observed when mea-
suring high voltages. Ile sure that the ground lead from the trield Effect Meter is
connected to the ground on the unit, If the ground lead is not coLinected, you are
merely extending the high voltage closer to you, Stand away from the unit you are
measuring and keep onehand in your pocket as a safety measure. I l igh voltage in
color TV is especially dangerous because it can go as high as 30,000 volts ar.rd is
regulated. If you should come across it, it will not load down,



The 39A19 l i igh Voltage Probe is an optional assessory, used to extend the DC
range of the tr ield Effect Meter to 30,000 volts. I t  contains a i ,485 megohm 2;zo
resistor to give a 100X mult ipl ier for any range of the F-ield Effect Meter. The
special ranges of 31(V for boost voitages, 101(V for focus and 301(V for high vol-
tage are marked right on the front panel. Do not measure voltages higher than
30KV with the 39Ai9 high voltage probe, as the maximum rating of the resistor
is 301(V.

To use the High Voltage Probe, simply plug the test lead ir .r to the red jack of the
tr ield Effect Meter and connect the black lead from the black jack to ground. Set
the function switch to + DCV/MA (-DCVZMA if  you are measuring a negative vol-
tage) and the range switch to the 3KV, IOKV, or 30i(V positior.r depending upon the
voltage to be measured.

To read the actual voltage, multiply the readings on the 3 voit scale by 1000 for
the 3KV posit ion, the I volt  scale by i0,000 for the 101(V posit ion, and the 3 volt
scale by 10,000 for the 30KV posit ion.

Thc High VoltageProbe can alsobe used tomeasure voltagesof 100, 300, and1000
volts DC with an input impedance of 1 ,  500 megohms. To obtain this high input im-
pedance, setthe range switchto the 1, 3, or l0 voltrar-rge andmeasurethe voltage
usir-rg the 39A19 IJigh Voltage Probe.

CIi ITCKING THE IIATTERIES OIr Tt lE Ftr14 AND trE16

The 9 voit transistor battery used ir-r the Irield Effect Meter carr readiiy be check-
ed using the BATT. CHI(. position of the liui-rctior-r switch. The range switch may
bc in any positior-r and will not effect the reading of the battery condition. If the
meter reads in the green area or BATT GOOD sectiuir of the meter (Iower r ight
haud corner) the battery is good and the readings taken with the trieid Effect Merer
wiil be accurate. If the merer reads below the green area, the bartery should be
replaceci, The ohms battery can also be checked easily by risirrg the same scale
on the Field Effect Meter. Ser rhe switch ro ACV-OHMS and the Range swicch to
RxlO. Adjust the meter ior zero indication on the left edge of rhe scale with the
ZERO .ADJ conrrol. ShorL rhe leads rogether and set the OHMS ADJ for full scale
meter indicarioit .  Withoutui-rshort ing theleads, switch the RANGE switch to RXl.
If the meter reads in the green area or BATT GOOD (lower right hand corner) the
ohms battery is good. I f  i t  reads belowthis, the ohmsbattery should be replaced.

MEASURING I I IGI I  DC CURRENT

Upto l0 amps of DC current can be measured with the Field Effect Meter adaptor
below. Use a double 3/4 inch banana plug and two feet of number 20 copper wire
to formthe shunt. The leads carryingthe current tothe shunt should be a number
l4 or heavier with heavy cl ips to connect into the circuit ,

FIGURE 1



To use the 10 amp adaptor, plug i t  iuto rhe jacks on the Fieid Effect Meter, Set
the range switch to the I00 microamp posit ion ar-rd the Function srvitch to plus
DCV/MA. The Field I l f fect Mete r does r-rot need to be turned on for currenr measure-
mcnts. Mult iply the reacl ings on the 0 - I  l )C volts scale b1, 10 to get the current
in amps. I f  the meter reads backwards, reverse the polari tv bv switching the
minus DCV/MA posit ion.

Double 3/4" llar.rana plug N,lfg. Mfg. part number

lr.  11. Johnson Type 108
Ger.reral Radio 27 4-Xnl)
National irWT
Pomona MDP- r\N4l)P- Sl '

MEASURING ; \C CURRb,NT WITI I  T I IE  FEI4  AND FE16

The tr ield Effect Meter can be used to measure ,\C current with rhe circuit  shown
be lou .  Thc  res is to r  o r  res is to rs  r r re  p laceJ  j r r  ser ies  r , r i th  r i t c  . \C  source  g , r in ; ;
to the clevice under test. The AC voltage drop across the resistor is measured
and can be converted directly into AC an-rps. This adaptor rnay be built in a i:,r.r;<
with a switch tofaci l i tate the switchir-rg. l l -re resistors used are al l  one ohm of at
leastotre watt.  The Ohmite 995 series of I  l /2 watr wirewour-rcl are ideai for this.
A standard one watt carbon resistor wi l l  also work. I f  the unit is ro be used for
an extended period of time alrd is enclosed ir-r a box, it is a good idea to use a rwo
watt carbor-r in place of the one watt carbor-r resistor.

F'ICURE 2

when measuring from zero to one amp, the one ohm resistor is usecl ancl the
I.unctiot l  switchis set on ACV/OIIMS and theRalrge switch tothe one volt  posit ion.' I 'o measurethree amps of AC current, threeresistorsare placedinparal lei.  The
Rangeswi tchrcmains  on the  one vo l t range,  bu t the  th ree  vo l tsca le  i s readd i rec t ly
in arnps. A l0 amp range can also be made by paral lel ing l0 one ohm resistors
and using the one volt  scale, mult iply your readings by 10.



MEASURING EXTREMELY SMALL CURRENTS WITH I 'HE ITE14 AND trE16

Very small  currents nanoamps (.001 ua) may be measured using t l-re tr ield Et ' fcct
Meter in conjunction with a 3 volt  battery,

Leakage currents of transistors and diodes and leakage currents through paper or
electrolyt ic capacitors can be measured.

To make nanoamps measurements set the Function Switch to+DCV/ma and Range
Switch to 3 volts. Connect the 3 volt battery across the ir-tput terminals; meter
should read full scaie or slightly higher, Connect transistor diode or capacitor
between one battery terminal and the Field Effect Meter input. Observe polarity
when connecting to device to obtain an accurate indication. I lead current on ma
scale and mult iply reading by 200. Current measured wil l  be in nanoamps. For
example;

a germanium diode leakage indication is .98 ma. .98 x 200 = 196 nanoamps
a si l icon diode leakage indication is .1 ma. .1 x 200 = 20 nanoamps

OVERLOAD PROTECTION ON THE FE14 AND FE16

The circuits and meter of the trield Effect Meters are protected from acciclental
overloadsand application ofexcessive voltages, A si l icondiode protectsthe tran-
sistors and circuit  fromdamage. The meter is protected by two diodes and a re-
sistor, The diodes shunt excessive current around the meter. If the currer-rt is
excessivly high or is applied for too long a period of time, rhe fuse resistor R24
wil l  burn out protecting the meter and diodes. When this resistor is open, the
current and ohms function of the Field Effect Meters will be inoperative, but the
meter can st i l l  beused tomeasure voltage. R24 is a standard 100 ohm, I/2 watt,
l0lo resistor, located on the Range switch, and is readi ly accessable when the
meter is removed from the case.

DISASSEMBLY IN STRUCTIONS

The Field Effect Meter does not have to be taken apart to replace rhe batteries.
The door on the back of the Field Effect Meter gives access ro the batteries and
battery cl ipsfor ease of replacement. I f  the Field Effect Meter musr be serviced
or calibrated, the battery door must first be removed. Then the two screws hold-
ing the front panel to the case are removed. This allows the front panel to be
l i f ted out for service. To separatethe front panel fromthe case, thebattery door
with the batteries must be passed through the hole in the back of the case.

BATTERY REPLACEMENT: To replace rhe barreries in the F-ield Effect Meter,
remove the screw holding the battery plate in the back of the instrument. 'l-tre

battery plate will slip out exposing the barreries in the clips on rhe plare.

The 9 volt  battery can be replaced by any standard 9 volt  transistor battery. An
Eveready type #222 or equivelent is recommended as it will give longer battery
l i fe. The 1.5 volt  "C" cel l  can be replaced by any standard "C" cel l .  Or.re of the
many long life types will provide longer iife in use. To conserve on battery life,
the Field Effect Meter should be turned off when not in use or when measuring
current. The 9 volt  battery is usedonly whenthe Field EffectMeter is measuring
AC and DC volts and resistance,

I
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CALIBRATING TI IE  FEI4  AND t rE16

The F' ieid Effect Meter may be recal ibrated easi ly artd quickly i f  i t  becomes ne-
cessary by simply removing the battery plate. This wil l  expose the controls on
the printed board. F-igure three shows the location of these controls. The 9 volt
battery should be replaced with afresh oneif the Field Effect Meter isto be cotn-
pletely recal ibrated. The DC BAL ar-rd the meter mechanical zero must be check-
ed and readjusted i f  necessary before recal ibrat ing the unit.

l  Set the front panel ZBRO ADJ to the mechanical center of i ts rotat ion, the
Range switch to the 1000 volt  posit lor-r,  and turn the Field Effect Meter on'

2. With the Irunction switch in the plus DCV/MA posit ior.r,  adjust the DC BAL for
a zero meter indication. Switch to minus DCV/MA. If  the meter pointer moves,
recheck and reset rhe merer mechanical zero with the Fleld Effect Meter turned
off.  Recheck the DC BAL for a zero meter indicatiot l .

3. Set the llange switch to the I volt position and the F-unctiolt switch to ACV/OHMS.
Apply a kr.rowr.r I volt AC llMS voltage and adjust the AC CAL for full scale meter
deflect ior-r.  Remove your har-rdfrom the AC CAL pot tobe sure youare not pickit- tg
up any srray AC ar.rd adding it to the calibration of the Field Effect Meter. If ar.r
accuratesource of AC is notavai lable, the AC l ine maybe used. Inthis case, set
rhe Range switch to dre 300 volt position and adjust the AC CAL control to read
the l ine voltage. This wil l  normally be 115 to 117 volts.

trIGURE 3

4. DC cal ibrat ion is achived by sett ing the Function switch to plus DCV/MA and
the Range srvitch tothe I voltposit ion. Applyaknown I volt  DC source and adjust
the DC CAL for a ful l  scale deflect ion on the meter. A 1.5 volt  battery may also
be used to calibrate the F'ield Effect Meter. Set the Range switch to the 3 volt
posit ion and adjust the meter to ir-rdicate 1.55 volts which is the normal voltage
from a new 1. 5 volt battery. A more accurate calibration may be achived with a
mercury battery as i ts voltage is more constant and has closer tolerance.

@



CIRCUIT DESCRIPTION:

The Sencore i ' t r l4 and IrEI6 tr ield Effcct Meters uses a balanced dif ferer-rt ial  am-
pl i f ier rvi th f ield effect transistors (FIJ' l ' )  toprovide the utmost in test meters - the
flexability and portability of a VOM witl.r all the advantages of a VTVM, high input
impedance, peak to peak AC etc.

Ir leld effect rransistors make this possible, because evel i  t l lough they are "sol id

state" they performlike a vacuum tube. The gate (grid) controls the current f low
between rhe sourcc (cathode) and drain (plate) by rhe effect of the electrostat ic
f ield betwcen the gatc and the source (bias). There isu't  any gate current f low
thercfore the input irnpedance is extremely. high. Since the F-ET does not have a
cathode to "wear out" the F-ield Effect Meter is more stable aud less subject to
change than the conventiortal VTVM.

TRl ar.rd '1'R2 (see schenatic fig. 4) form tl.re differential amplifier used for DC
volts and Ohms measurements. With no voltage applied to the input of TRl, the
ZERO ADI control (R31) is set so that the voltages developed across source re-
sistors I l l4 and R22 are equal, suchthat no currentwil l  f low thruthe meter. The
DC BAL control (R29) is an internal adjustment that performs the same as the
ZERO u\DJ control.  I t  is used to cornpensate for component tolerances. When a
DC voltageis appl iedto the input of TR1 thcbalance betweeu TRl and TR2 isupset
and the meter will indicate in proportiott to the voltage applied. Seven DC and AC
ranges are provided with the input divider Rl thru R8. Capacitors C2 thru CB
compensate thedivider for AC voltages. 

' fheDC CAL corltrol (Rl5) is an iuternal
adjustment used to calibrate the meter when a known DC voltage is applied to the
input. When a very high voltage is applied to the gate of T111 (Range swltch set
incorrectly) diode C1t7 will conduct ar.rd keep the voitage applied to TRl to a safe
level to preveut destruction of the transistor.

Ohms measurements are ntade by forming a voltage divider with the uttknown re-
sistor and a known resistor - R9 for l lXl range, R10 for RX10 range etc. - and
reading rhe voltage that is developed across theknown resistor. Init ial ly with the
unknorvn resisror zero ( leads shorted togcther) t l .re OIIMS ADJ cor.rtroL (1123) is set
so that the meterreads at ful lscale with ful lpotential from Bl appl ied to T111. As
cxternal resistance is placed between the leads the meter wi i l  indicate proport iol l-
ately lower. The meter is cal ibrated iu ohms on the top scale.

For -t \Cvoltage measurementsthe AC voltage isapplied to T111 thrudivider R2-118
as with DC volts. The ourput of T111 is fed to a peak to peak detector cor-rsist ing
of C10, Cl l ,  Cl l l  and CR2. ' Ihe DC output is fed to TR2 thru dividcr R25, R26,
R27andCR6.  Themeter is  in thesource  c i rcu i to f  TR2.  TheDC vo l tagedeve loped
in the source of TR2, and consequently the meter indication is proport ional to the
peak to peak AC applied to T111. Diodes CR5 and CR6 compensate for char.rges in
temperature so that meter indications remair] accurate over a wide temperature
range.

L)C current measurements are made usirgthe meter and shunt resistors RI6 thru
Ri9 .  Therans is to rs  andassoc ia ted  c i rcu i t ry  a re  no tused.  Onthe  l00microamp
range the meter is connected directly into the circuit.

Diodes CR3 and CR4 protect the meter movement from excessive overloads up to
several amps. The t l iodes are protected with resistor R24 which wil l  burn out
when the maximum current rat ing of the diodes is exceeded. R24 is a standard
100 ohm l/2 watt resistor.

l i )



IT IELD EFFECT MHTEI1  T I1OUBLE CI IART

Synrptom

I  T , r i r  d o o , l  m a r a r

does r-rot read at all

but no indication on OIIMS
and MILLIAMPS functions

Probable Clause

Defective 9V battery (B2)
l ) ^ ^ -  L ^ F r . , , . ,
1  W I  U 4  L L C I  }  L U I  I L 4 L  L

lJroken red wire at ON OF'F
switch (S3) or at PC board
Broken biack wire from
battery to PC board
Defective Meter

Corrective Measure

Repiace battery
Check battery contacts
Check wir ing to switch
and to PC board
Check black wire

Replace Meter

L /2  w 1O/o

Shorted Diode CR3 or CR4 Replace defective diocle
vuL i5  measure lne l t t s  ok ;  huru t  ou t  fuse  res is to r  l (24  l {ep lacc  l l2 '1 ,  100 ohms

Clannot zero metcr Function and range
switches in current
posit ions.
Poor contact at or/open
resistor 1132

Broken wire to zero adj
control
Transistors burnt out

Reset switctres to correct
posit ions

Resolder contact and
change resistor i f  nc-
cessary
Check wire to zero adj
control.
Replace transistors and
recal ibrate ur-t i t .

KXI lur-rct iol l  in Uhms
measurement does not
work.

l jurnt our resistor R9 Rep lace res is to r

l{X10 l-unction in Ohms
measurement does not
work.

Burn t  ou t  res is to r  R l0 Rep lacc  res is to r

I ma lunctlolr only in
current measurements
does not work.

l ju rn t  ou t  res is to r  l l l 6 Replace resistor

10 ma function only in
current measuremeltts
does not work,

Burr.t  out resistor R17 Replace iesisror

L-lannot adJust Ohm zero ljlue wire to ohms zercr
t o o broken

Poor contact at battery Bl
Ilroken wire to battery
contact
Weak battery B1

Check for broken wire

Check for poor contacts
Check wir ing

rleplace wr[n 1. J volt"C. '  ce l l .

I
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I I
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trEl,{ PARTS LIST

C R ] ,  C R 2 ,  C R 6
C R 3 ,  C R l

C R 5
CR7
M I

R 1
R 2
R 3
R 4
R 5
R 6
R 7
R B
R 9
R 1 0
R l 1
R 1 5
R l 6
R 1 7
R I 8
R 1 9

R23
R26
R29
R3r
TRl,  TR2
C2
C3
C4
C5, C9
C6
c l 8

Diode, Germanium
Diode recti f ier .5A
@4OOPIV
Diode, 1N34A
Diode Silicon
Meter 4 I /2", IO0 nicroamp
1900 ohm coi l
5 meg I/2W I/o
roKr /2w r%
23 .3Kr /2W r%
6 6 . 7 K r / 2 W  1 7
233K1/2W 1%
6 6 7 K r / 2 W  r %
2 .33  meg  I / 2w  I%
6 .67  meg  I / 2w  r y
9 . 1  o h m  I / 2 W  r %
100 ohm I /2W I%
r K r / 2 w  r %
5l( control PC Vert Mount
220 ohm I/2v't  I%
20 ohm I /2w 1%
2 ohm l/2W Ilo
8 l /4" Advance wire
(. 295 ohms ft)

R E F E R E N C E  N O . PART r,\O.

l9G28A
l6c5

19G13
50G2
23C25B

I4G27l
1 4G1 03
11G266
t4G267
T4G26B
r4c269
74G270
14G272
r4G264
t4G26s
14G10 i
I 5G61
14G275
r4G274
r4G273
IlGT43

15A75
r5G66
I  )1 \ )J

15A.68
),9G27
24Gr73
24Gr79
24Gr7  4
24GL4I
24Gr78
24G120
25A105
25AIO4
25G4
10c21 5c
l0B2t6A
IOA222A
33Gr43
33c226
35Gl6

DESCRIPTION

15K control Tab mount 1" shafr
l  2 meg control PC Vert Mount
101( control PC Vert Mount
501( control tab mount 1" shaft
Transistor S53672 (trET)
.0 i5  mf  l0 lo  my lar
s600Ptr s% Nls0
2i00Ptr s% Nrso
s60Ptr 5% N]s0
200Ptr s% Nls0
lOMI I ,  ]5  VOI ,TS
Range Switch 7Pl2P rotary $
Functiorl  Switch 8P4P rotary
Slide Switch SPDT
Case, vlnyl clad steel
Panel, satin chrome screened
Battery plate (door)
Bat te ry  c l ip  ( f  .5v  "C"  ce i l )
Battery clamp (9volt)
Battery plug 8" Ieads

PRICE

$  . s 0
1 .  50

. 5 0

. o )
24 .50

. 7 5

. 7 5

. 7 5

. 7 s

. 7 5

. 7 5

. 7 5

. 7 5

. 7 5

. 7 5

. 7 5
r .  5 0
. 7 5
. 7 5
. 7 s

. 7 5
1 .  50
1 .  9 5
i .  9 5
r .  9 5
1 .  50
. 2 5

? q

. 2 5
t <

. 2 5

9 . 9 s
8 .  95

. 5 0
4 . 5 0

. 5 0

. 5 0

. 5 0

. 7 5

S1
S2
S3

(PRICHS SUtsJECT TO CHANGE WITHOUT NOTICE)
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l - ' t r16 PARTS LIST

C R l ,  C R 2 ,  C R 6
CR3,  CR1

C R 5
crtT
1\'11

R I
R 2
R 3
R'{
r t5
R 6
117
It8
R 9
t l10
R l l
R i 5
R l 6
R l 7
R I 8
I t  1 9

]t 23
R 2 6
R29
R 3 1
TI t1 ,  l -R2
C 2
C 3

C5,  C9
C 6
c i 8
S1

REI IE I I I ]NCE NO. PAllT NO.

19G28A
l6G5

r9G l3
50c2
23Cr30

I4G27 l
1  1G315
r,1c309
I.{G3ti)
1. rG31 1
t . {G312
11G31  3
14G311
r lG264
1 4G265
I  1Gl01
l sG61
r4G275
r1G27 1
t4G273
i  4GI 43

I  5475
I  5G66
15.,\53
15A68
19C27
21G17: ]
21C179
24GI7 4
21G l4 r
24CI78
21G120
25AI0s
25, \1 I5
25C4
10c239
IOA222A
33c1 13
33C226
3scl  6
8B12
8A13

(PRICES SUBJI]CT TO CIIANGE

l 5

DESCRIPTION

Diode, Germanium
Diode recti f ier .5A
@4OOPIV
Diode, lN34A
Diode, Silicor.r
Meter 4 I /2", IOO microamp
1900 ohm coi l
5 meg I/2\N I lo
roKr /2w r /2%
2 3 . 3 K r / 2 W  L / 2 %
6 6 . 7 K r / 2 W  r / 2 %
2 3 3 K r / 2 W  r / 2 %
667K r /2W r /2%
2.33  meg  I / 2W I / 2%
6.67  meg  I / 2w  I / 2%
9 .  I  ohm 1 /2w  I%
100 ohm I /2W I%
rK r /2w  r%
5l( control PC Vert Mount
22O ohm I/2W l%
20 ohm r /2W I%
2 ohm I / 2\N I/o
8 1/4" Advance wire
(. 295 ohms ft)
151( control Tab mount l"  shaft
| / 2 meg control PC Vert Mount
l0l( corrtrol PC Vert Mount
501( control tab mount l" shaft
Transistor 553672 (FET)
.015 mf  l0 /omy lar
5600Pr.- s% Nl50
2100PF 5% N150
s60Ptr s% N1s0
200PF 5% N150
IOMF,  l5  vo l ts

PRICE

$  . s 0
l .  5 0

. 5 0

. 6 5
2 4 . 5 0

. 7 5
r . 2 5

r . 2 5
|  , q

1 . 2 5
1 . 2 5
l  t <

. 7 5

. 7 5

. 7 5

. 7 5

. 7 5

. 7 5

. 7 5

. 7 5
l .  50
1 .  9 5
1 .  9 5
1 .  9 5
r .  50

t <

32
S3

Range Switch 7Pl2P rotary 9.gs
F'ur.rction Switch BP4P rotary $ B. 95
Slide Switch SPDT . S0
Case,  v iny i  c lad  s tee l  4 .50
Battery plate (door) .50
Bat te ry  c l ip  (1 .5v  "C"  ce l l )  .50
Battery clamp (9 volt) .50
Battery plug 8" leads .75
Panel sub, vinyl clad steel 3.00
Panel, aluminum 3.00

WITIJOUT NOTICE)
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I I I ] I6 PARTS LIST

C R . ] ,  C R 2 ,  C R 6
CR3,  CI14

cl l5
CR7
14l

R 1
R 2
r t3
R 1
r t5
R6
R 7
R 8
119
R t 0
R l l
R 1 5
R 1 6
R l 7
t l t B
R 1 9

R 2 3
R 2 6
R 2 9
R 3 1
' tR1,  

T I12
C 2
C 3

C5,  C9
C 6
C i B
S1

I IE ITDRET. \CH  NO. PART NO.

r9G2BA
16G5

1 9 C 1 3
50G2
23C30

l4c27 I
14C315
I 1G309
r 4G310
t-+G3t 1
l1c3_r 2
I1C31  3
l  lc3 l4
r1c261
r4c265
1 4Cr0I
t5G61
14c275
t4c271
r 1G27 3
I  4Gl  43

I5A75
1 5G66
15A53
1 s468
19G27
21Gr73
24G179
24GI7 4
21CI4 I
24G178
24Gr20
25A105
25, \1 l5
z )u4
10c239
toA222A
33Gr 13
33G226
35G16
8B1 2
BA13

DESCRIPTION

Diode, Germanium $
Diode recti f ier .5A
@4OOPIV
Diode, IN34A
Diode, Si l icon
N4eter 4 I /2", IOO microamp
1900 ohm coi l
5  meg 1 /2W 1/o
roKr /2w r /2%
23 .3Kr /2W r /2%
6 6 . 7 K  r / 2 W  r / 2 %
2 3 3 K r / 2 W  1 / 2 %
667K r /2W r /27
2 . 3 3  m e g  I / 2 w  1 / 2 %
6 . 6 7  m e g l / 2 w  I / 2 %
9 .  I  o h m  I / 2 W  I %
1 0 0  o h m  I / 2 w  r %
r K r / 2 w  L %
5l( control PC Vert Mount
220 ohm 1/2W l%
20 ohm l /2W I%
2 ohm I/2\N I/o
B l /4" Advance wire
(. 295 ohms ft)
l5l( control Tab mount l"  shaft
I /2 meg control PC Vert Mount
101( cor-rtrol PC Vert Mount
501( control tab mount l"  shaft
Transistor 553672 (FET)
.015 mf  l0 lo  my lar
s600Ptr s% N1s0
2100Ptr 5% N150
560PF 5% Nls0
200PF s% Nls0
10Mtr, l5 volts

PRICE

. 5 0
L 5 0

. 5 0

. 6 5
2 4 . 5 0

. 7 5
r . 2 5

r . 2 5
1 . 2 5
r . 2 5
t -  z J

I . 2 5
. 7 5
. 7 5
. 7 5
. 7 5
. 7 5
. 7 5

. 7 s
l .  50
1 .  9 5
r .  95
1 .  9 5
r .  50
. 2 5

, <

. 2 5

52
S3

Range Switch 7PI2P rorary 9.gs
Function Switch 8P4P rotary $ 8.95
Slide Switch SPDT . 50
Case,  v iny l  c lad  s tee l  4 .50
Battery piate (door) .  S0
Bat te ry  c l ip  (1 .5v  "C"  ce l l )  .50
Battery clamp (9 vott) .  50
Battery plug B" leads .75
Panel sub, vinyl clad steel 3.00
Panel, aluminum 3.00

(PRICHS SUBJHCT TO CFIANGE WITIIOUT NOTICE)

1 5
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