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Introducing the Perfective 1
This noninvasive current meter fea tures a clever circuit that YOU can build.

The problem with making current m easu rements using the stan dard mA m eter is that
th e m eter must be inserted into th e m easured cir cuit. These meters have internal
resistan ce, which adds to the resistance of the circuit being m easured. This causes a
reduction in the circuit current, and thus a lower reading than expected. No more.

Fig. 1. Rep resentative circuit showing
current flow.

Y OU know, what instigated thi s
who le project was a student' s
co mment in class one time . I

was lecturing on the use of the milliam
meter and explaining how the internal
resistance of these devices often causes
bad readings in a circuit. I commented
that when we all get to heaven and St.
Peter issues us our little rnA meters,
they will he PERFECT, with no internal
resistance or resulting voltage drop.

The students took this with a sigh,
but one in the back looked worried. I
asked him what was wron g, and he re
plied : "Me. Lorfin , I wonder if YOU
will ever get to see one .. ."

Well , I thought about this and real 
ized how true that might be. So I de
cided that I had better invent one for
myself while there was still time, if I
was ever go ing to behold one's beauty.
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values for one commercial DVM . In
Table 2, we sec some typical current
readings, taken with random resis
tances and yoltages , using.the meter in
Table 1 and the Perfect ive I Current
Meter, or Perf !. Note that the errors
grea tly. exceed the rated accuracy of
any digital current meter. Of co urse , in
man y circuits the error is not this
gross; however, an error ·is always
there. and most peop le tend to consis
tently fail to compensate for it when
maki ng curre nt measurements.

In meters using protect ive fuses,
these fuses can add to the interna l re
sis tance of the-meter in addition to the
normal shunt resistance, espec ially if
they have not been selected so as to
have minim al resistance.

One idea in use to reduce this problem
is to use lower values of shunt resistors

In search of perfec tion

Thi s project is the result,
P.S . The student made an A in the

course.

Sometimes, a ci rcuit may be work
ing perfect ly until you make a current
measurement, and it may not be work
ing so well while you arc makin g the
measurement. A lso, from the resulls of
the measurement , you might mistak
enly think that there is a defect in the
measured circuit when there really is
not one. Thi s has been quite a probl em
for me and others in the past .

To fix it? Well, it was hard to imag
ine a standard DC-AC mill iammeter
that has zero measuring resistance and
zero burden voltage . However, one
day a thought came to me that resu lted
in this design, a design tha t 'has ove r
come this fault and resultcd in the
" Perfective Current Meter."

This instrument is not diffi cult for
anyone to build. I buill the prototype
shown here for about S60. Let me has- v --=-
tcn to add that this was going first-
cla ss, using new parts not obta ined as
cheap ly as could have been.

In Table 1, I' ve listed the spec ified Fig. 2. Representat ive circuit SIIO \1'ing added

intern al resistance and burden voltage circuit resis tance from standard mA meter:
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Ohmi c
Burden

Range
Value

Voltage I Appr ox. Cost (5) I(full sca le)

I I
I 11 LED lamp Red fixture 276-270 2.20 I4mA 20012 BOOmV

II
I 12 LED lamp Green fixture 276-271 2.20

I 40 m A 200 BOOmV

I 1 Cabinet 3 x 5-1/4 x 5 -718' 273·253 7.00

I I400 mA 20 BOO mV
I In -4 Sets. binding posts Nylon banana. individual 274-662 4.00

Table 1. Specified internal resistance and I TS. 6 Binding post Chassis mount, dual banana 274-718 350 Iburden voltage values f or one commercial
I iDVM. • Spade lugs 1;6 terminal 64-3043 .25

I SWI Switch SPST toggie 275--612 2.79 I,
IApplied I I 1 Tie point 2-point with ground 274-688 25

Ohms
Vol ts w/Meter wIPerf1

1 u-e cord 6 ft . 3-wire 278-1258 2.99 I
7.5 25 280 306 1 Grommet 5116' 64-3025 .10 I
10 125 82 84 I Q l TIP 120 or equiv. NPN Dar1i1gtOll. To-220 276-2068 1.29 I
2.5 '5 142 166 I Q2 TIP 127 or equiv PNP Darlington, T0-220 RSU11371101 1 69

I 5 15 295 340 I I IC I Opamp l M358 low power RSU11929072 .8'

Table 2. Table I readings l'ersus Peril I BAI Rectifier 1.4 A bridge, round case 276-1152 1.19

readings. I BR2 Rectifier 1 A bridge, dip 276-1161 .ss

I 0 1.2 Reg. diodes LM385 n.a . Radio Shack

Frequency
p-p Burden

I
I or l NS221B 2.4 V zeners RSUl 1673431 8.

Voltage
or Any zener up to 4.3 V

1 IDC Ad justable to zero
0 3-7 Diodes 1N4000 series 276'1102 1.25

1
100 Hz Virt ually unmea surable I 08 Diode 1N34 germanium 276-1123 .11

I

50 0 Hz C l-4 Tantalum 10/16 VDC 272-1436 3.60

C5 Electrolytic 10/35 VDC radial 272-1025 .59
, kH z Approx . 0 .5 m V peak,

o r less C, Ceramic 0.01/500 VDC 272-131 .49

3 kHz

IC7- 8 Ceramic 0.1150 VDC 272-135 1.00

I 6 kHz
10135 VDC axial, iC9-1 0 Electrolytic 272-1013 1.20

I 30 k Hz A ppro x. 20 mV peak I I C11-12 Electrolytic 3300/25 VDC radial RSU11935368 2,60 I
Table 3. Burden voltage for DC and AC I Rl ,4, 5, 13 1k 271-132 1 -, . .40

I
measurements using Perf l .

I A2 470 271-1317 .10. , -
I A3 10k 271-1335 .10

c ·<~ R6 if used 180 271-1110 .10 I
A7

carbon film,
220 k 271-1350 .10

114W, 5%

I A8 10k 15-tum pot .. 271-343 1.49 I
R9-1 0 4.71< 271-1330 20 I

Fig. 3. Representative circuit showing per- R11-12 100 271-1311 .20 I
fective mA meter with ::.ero burden voltage.

A14 56 RSU11344637 .10 !
Fl Fuse Miniature 0,25 A PT RSU11322864 .8'

and amplify the shunt voltage. This is 8 NU1S. bolts Assonment 64-3011 .20

effective, but docs not solve the prob-
2 Standoff 112' w6 hole for main board 64-3024 20

lem as neatly as the approach used in
I 2 Standoff 1/4· ii6 hole for PS board 64-3024 20

this instrument.
The cited example of errors is corn - I 1 't renstormer 12 VCT @ 0.45 A 273-1365 4 99

mon among all standard commercial I 1 Sonic device Radio Shack 273-074 2.99

meters, not just the one described.
I

2 Heat sinks For transistors above 276-1363 1.80

Thi s instru ment, when used with a
I ," Main circuit and PS PCB

DVM or any other type of current
Imeter, overcomes the problem to nea r APPROXIMATE TOTAL $59.00

perfection. DC burden voltage can be Table 4, Parts list.
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tri mmed to zero, resulting in zero
ohms internal resistance also. The
burden voltage for OC and AC mea 
surements using this instrumen t is
app roximately as shown in Table 3.

These measurement s were taken at a
current of 0.1 amp. Note that the fre
quency range here exceeds that of the
standard OVM. Any existiug burden
voltage varies linearly with the amount
of current; consequently, it is less for
smaller currents being measured. It
should be noted that the above burden
voltage was measured at the SENSE
terminals, which does not take into ac
count test lead and connector resistance,
etc. - more on this later.

How it wor ks

The operation of this circuit is based
npon the "burning desire" of an op
amp to 'keep its two input terminals at
the same potential. A feedback path
from the op amp output to the invert
ing input gives an op amp capability to
do this.

In this circuit, the op amp is con
nected as an inverting amplifier (see
Fig. 3) . The feedback resistor is the
readout meter. The inpu t resistor is the
intrinsic resistance of the circuit into
which the op amp is inserted . In order
to keep its two input terminals at the
same potential, the op amp provides
output current of a magnitude to
match the circuit current, but of opposite
polarity; this is standard inverting.

Amplifier operation

The above results in an interesting
situation - the two input terminals of
the op amp appear to be shorted to
gether; the circuit being measured
does not realize that the op amp is
even inserted into it. A low frequency
op amp was specifica lly used here to
greatly reduce any tendency for the
circuit to oscillate while still providing
suffic ient band width for the circuit. A
drawback to this circuit is that the op
amp mu st be able to provide the same
current as is flowing in the circ uit be
ing measured, hence, the power tran
sistor output stage and the relatively
heavy power supply. For current ranges
within the capabili ty of the op amp
itself, no transistor boost would be

~QREADOUTMETER
mA ~

TEST SENSE

II PO.WERSUPPLY I CKT CURRENT

J~METER -''''::

I /
• R '" MILLIVOLT

mA ~

/.
r METER

rp --TESTLEAD
CKT I

VOLTAGE
DROP

Fig. 4. Testing for proper operation. See text.
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Fig. 5. Demonstrating the lack of added circuit resistance afforded by the perfective mA
meter. See text.
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Fig. 6. Connecting so that test lead and connector resistance is canceled. See text.

needed, and a lighter supply could be good AC output capability and proper
used. The power supply voltage can be idle current. 0 5 and 08 are mounted
quite low, in that the supply voltage on the heat sinks to provide transistor
only needs to be high enough to over- bias stability due to temperature changes
come the small voltage drop of the occurring with tran sistor operati on.
readout meter and to operate the op R 14 and C6 pro vide compensation to
amp itself. prevent the circuit from oscillating.

The transistors (Q l and Q2) are ·Note that the readout meter is con-
Darlington types for large current gain. nected from the transistor emitter j une-
Bias for the transistors is provided by tions (the output, T6) back to the
05 through 08. Note that 07 is a ger- inverting inpu t of the op amp (through
man ium diode. This combination of T5, T l , jumper, T3, and R5 to pin 6)
diodes resulted in the best biasing for and that the nonin ver ting input of the
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Fig. 7. Schematic ofcomplete unit, less power supply.

voltages appli ed to the 10k pot , R8.
Adjustme nt of R8 will apply any de
sired amount of offset voltage to pin 5
through R7. Regulation of these volt
ages was done in the prototype using
the LM385 regulators. If these arc in
convenient to obtain , any type of regu
lator device will suffi ce, prov ided that
it will operate satisfactorily tram a 5
volt source. See the parts list, Ta ble 4 .
If a differen t level of regulated voltage
is used here, you might desire to
change R7 - use about l OOk per
volt of reg ulated voltage for ea se of
adjustment.

Since the circuit should normally
have virtually no voltage present
across the inpu t terminals, voltage here
indi cates that there is a problem of
some kind , such as an open readout
meter circuit. Warning of this, or other
prohlems, is pro vided by the second
section of the op amp package. Thi s
section amplifies any voltagc present
here , tur ns on the red panel lamp in
dicating a circ uit mal functi on , and
acti va tes the sonic device.

Th e sensitivity of this warning cir
cuit can be adjusted hy the value of

·8 V
20 mA

NOTE:
"R6, IF USED, RE f'lACES JU
."'1" REGlJI.ATOR VOlTAGE

,
SUPPlY

,8 V
27rnA

"Q2

TIP127

:!: C9

Q1

TIP 120

short jumpers. They can be discon
nccted from Tl and T2, and be con
nected with separate leads to the point
where the test leads arc connected to
the circuit being measured, thereby
cance ling any voltage drop in the test
leads.

Op amp offse t adj ustment , (+) and
(-), is provided by two reg ulated

RI4

C3
Dl

1'---_-+-- -' REDLED

R5

R4

D2

R2

R1

13 03 04

SENSE

0"

POWER CIRCUIT
SUPPLY BOARD

GROUND GROUND

INPUT

BLK 12 0

op amp (pin 5) is at power supply
ground (through R4, T4, jumper, and
T2). The circuit being measured is
connected to Tl and T2 through the
test leads.

The sense terminals, T3 and T4, are
the actual points that the op amp will
hold at equal potent ial. They are nor
mall y connected to Tl and T2 with

I,
-,

- - t-- (:0
U U==

o

1-
Fig. 8. Main PCB,foil side (100%).
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Fig . 10. Power supply schematic.

Note that all parts can be obtained
from Radio Shack except the circuit
boards. There are no parts used here
that arc critical as to tolerance. A ll
parts listed can be substituted with
equiva lents. Co nstruction is straight
forward.

Conn ection of some wiring is criti
cal in order that current no w does not
contribute to offset voltage :

ozo

Buildin g the circuit

amp of steady current no w with the
supply voltage of 5 volts or so. This
supply voltage is sufficient to operate
the circui t while resulting in minimal
heating of the output transistors. For
this reason, it is suggested that what
ever changes might be made , you
should not use a supply voltag e higher
than this. Using the power supply fea
tured, current measurements abov e ap
proximately 0.5 amp can result in
lowered power supply voltages and in
creased ripple , which will most likely
cause the circuit to malfunction.

- SUPPLY
20mA
O.N

RIPPLE

TOT2

+ SUPPLY
27mA
O.N

RIPPLE

+8VDC

The power supply used here is good
for about 0.5 amp of current; however,
a heavier supply will permit a much
g reate r current
measurement, as
the output transis-
tors are rated for
5 amps. The par-
ticular heat sinks
used here would
not be suitable for
more than abont I

TO POWER

POWER ~°t
PUT

SUPPLY~
GROUND GREEN

PANEL
lAMP

-
I ~ Cll9 VPEAK +

I: Vl 3300
BRI ,...-

Vl - t C 12
9 V PEAK 1

3300

-8VDC
BINET& -FORMER
ME • '"

)
TOCA
TRANS

FRA
ONLY

Fl

..

SWI

t

n

120V~~1
NEUTRAL ()

GROUND o---r

R3. R6 is necessary i f a standard LED
is used. It would be jumpered for
LEOs with a built-in limiting resistor.
The small sonic device was soldered
directly to the LED pads on the bottom
of the circuit board, being mounted so
that it points out from the side of the
board. Two diodes, 0 3 and 0 4 at the
input terminals, offer a path for current
to flow (but with voltage drop) from
the measured circuit, if this instrument
is turned off or is otherwise inoperative.

Fig. 11. PS PCB,joil side (100 %). Fig. 12. Parts p lacement, PS PCB.
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Photo A. Inside view showing placement ofboards and wiring. Photo B. Front panel vieH:

A. Power supply ground wire directly
to the BLK INPUT TERMINAL

B. Circuit hoard ground wire connected
as above.

C. RED INPUT terminal (Tl ) directly
to the RED METER term inal.

D. RED SENSE terminal (T3) to the
INVERTING op amp input.

E. BLK SENSE termi ual (T4) to the
NONINVERTING op amp input.

F WH EN MO UNTING TH E
POWER SUP PLY BOARD, BE CER
TAIN THAT THE GROUND FOIL IS
NOT CO NNECTED TO THE CA BI
NET INSULATED STANDOFFS
ARE REQUIRED HER E.

The schematic shows these co nnec
tions. The cabinet should be isolated
from the circuit ground but co nnected
to AC gro und (earth ground, third
wire) along with the transformer core.
Connection of the various wires to the
main circuit hoard was accomp lished
using small wire-wrap pins soldered
onto the board. It is a good idea to
bend the pins at a right angle for an
eighth of an inch or so where they fit
onto the board pad, to increase solder-

jo int strength. Female push-on connec
tors that came from an old type "0"
computer plug were soldered to the wire
ends. A short piece of snug-fitting shrink
tubing arou nd the push-on connectors
is in order.

Being able to separate the board
from the wiring is wonderful, should
you have to remo ve it from the case.
Due to the tight fit of eve rything inside
the cabinet, you must ca refu lly con
sider the moun ting of all items befo re
drilling holes! The circuit board is
mounted by two screws on 3/8-iuch
standoffs. The hole positions on the
board are show n on the art work . I
might mention here that the standard
spacing for the banana ja cks used on
the front panel is 0.75 inches. This is
compatible with the double banana
plugs that you might desire to use.

I suggest that all cabinet panel items
and the power supply board be
mounted before the mai u board is po
sitioned inside the case. If you mount
the main board first, it will, for sure,
conflict with some of the other cabi
net-mounted item s when they are put
into place, because of the tight fit. The
on-off switch can conflict with the
lower right- hand coroer of the circuit
board very easily, so a bit of this cor
ner was cut off at a 45-deg ree angle
(see artwork) to ensure proper clear
ance. To say the least, very carefully
co nside r the mou nting of a ll items
before drill ing holes!

The AC cord was brought in thro ugh
a grommeted hole, A tie wrap around
the cord ou the inside, tightened close
to th e grom met, is used as a s train

Photo C. Rear view. reli ef. The neutral and hot wires are
42 73 Amateur Radio Today· December 2000

connected to the terminals on a two-
termi nal tie point. Gro und wire is
bolted with a lug to the case. Small
wires were connected from the tic lug
to the transformer primary and on-off
switch (hot wire ). Be very careful with
routing, insulati on, and connection of
the hot wire . I always place a piece of
shrink tubing around the on-off switch
to cover the hot wire term inals. A large

IC1 Pin # Volts

l ' .0.6
~

2,3,5, 6 zero I
4 - 7 I

1 7
. -.. I- 1.2

1
8 +7 I

1 0 1, 0 2
--

Equal to regulator voltage

1

0 1
+8

collector

j 0 1 emitter zero I
0 1 base 1.1 I
0 2 "

Icollector - 8

10 2 emitter zero I
0 2 base -1 .2

I + Power supply current drain", approx. 27 mA

- Power supply current drain ", approx. 20 rnA

Power supply ripple", 0.1 V p-p I
Power supply ripple @ 0.1 A current '"

J0.2 V p-p

Power supply ripple @ 0.4 A current '"
0.65 V P-P

Table 5. Voltage chart. Voltage readings
taken with /0 meg input resistance DVM,
TI and T2 open, readout meter connected
to METER output jacks on rear.



Ad Sales
call Evelyn Garrison

425-557-9611

will cause voltage drop (burden volt
age) due to the current flow. Thi s volt
age drop has been measured at around
20 mV or so and will vary with the
characteristics of the test leads used.

If you is desire to have the resistance
of the TEST leads zeroed out, separate
SE NSE leads should be connec ted
from the SENSE term inals direc tly to
the point of connection of the T EST
lead s (see Fi g. 6). Thi s will naturally
require four leads goin g from the in
strumcnt directly to the measured cir
cuit. Of course, the jumpers between
the two sets of terminals should be re
moved for this type of REMOTE
SENSING. It is important that the
SENSE test leads be connected to the
measured circu it itse lf next to the point
where the T EST leads are connected,
not to the cl ips of the TEST leads. Thi s
will ensure that the TES T lead clip re
sistance will be zeroed out also.

A confusing problem can result from
the negative 'leads of test instruments
and/or circuits being connected to
geth er through the third-wire ground
of the AC line cord. Oscilloscopes nor
mally have their negative lead con
nectcd to the third-wire g 1'lJund. Some
multimeters do also. To prevent this
problem , you can use a three-to -two
wire ada pter on the AC line cord of the
offending instrument to remove this
connec tion. To test for this, use an
ohmmeter to see if negat iveleads are
co nnected to the third- wi re gro und
terminal on the AC line cord. Fa

This circuit was designed to be used
with any type of current meter. Of
course, to measure AC current, the
meter in use will have to have this fea
ture . Observing polarity of connection
will ensure a proper pola ri ty indication
on the meter reado ut when in the DC
function .

Norma lly, the SENSE terminals and
the INPUT termina ls will be wired to
gether by short wi re jumpers co n
nected di rectly between the two. As
mentioned before, the only point of
connec tion where the burden voltage
will be zeroed is at the SENSE TER- ~:~~~~~~~~:'~~"':~f~J~

MINALS Th t t I d
. ~lBI S ESCO M, INC . H""omOseacom,c<>nl. e cs ea s connecting ~ 2IOQWARD DR., HENDERSON, Nve9015 USAI::3:JliJ O R D E R S ONLY 800- 6 3 4 -3457

the measured circuit, as well as INPUT beHI~~i~o2~~~igr3 1-~~B7a;l2:~rs-7Jk8

TERMINAL connection resistance, £~kOt~=~~~~~~~g:=~d=rst) B~-55~~:'
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Try using di fferent values of voltage
and resistance; connec t the circ uit as
shown in Fig, 5. Take a reading on the
READOUT meter. This will be the
reading you will get without the aid of
this instrument due to the resistance of
the TEST meter. Now j ump around the
TEST meter as shown in Fig. 5 and
note the increase in current readin g on
the READOUT mcter. Thi s is the true
circuit current that will flow when no
meter is inserted into the circuit or
when you are using the Perfect ive 1
Meter.

Thi s difference illustrates the usefui
ness o f this instrument. The grea test
difference will be evident when ·the
range se tting of the T EST meter is
such that you get closest to full-sca le
reading on it.

output terminals and connect the other
to read input current. Generate a cur
rent flow and compare the readings.
Reverse the inp ut polar ity of current
flow into the Perfective 1 Current
Meter and determine comparative
readings of output for the positive and
negative curre nt flow; these should be
very close . You should be ce rtain the
offset adj ustment (RS) is close to zero,
as thi s will cause a difference in the
above read ings if not. Tests on the pro
totype have been within less than 1%
of each other.

Using the Perfective 1 Curre nt
M ete r

Demons t rating the action

First, obtain two digital current
meters and connect them in series . De
termine their comparative acc uracy at
different current levels. Next, connect
one to the Perfective I Current Meter

Testing for ac curacy

piece of shrink tubing was placed
around the tie point to cove r it.

It wou ld be a good idea to first read
perti nen t voltages as shown on the
schematic to see if yours correspond.
Connect the readout meter to the
" METER" terminals and put it into the
current function. Ran ging is done by
adju stment of the READOUT meter.
Jumper the input and sense terminals
together as shown on the schematic .
Apply NO input. Now chec k yo ur
voltages against those listed.

Connect a variable DC voltage sup
ply through about 50 ohms to test
leads go ing to the INPUT terminals
(see Fig. 4). A millivolt meter or osc il
loscope can be used to record mill i
volts at the SENSE terminals. App ly a
steady curre nt of 200 rnA through the
resistor to the test leads. Thi s 200 rnA
from the supply should be indicated by
both milliammeters. These two read
ings should agree. Adju st the 10k pot,
RS, for zero millivolts at the SENSE
termin als. Vary the current from 0 to
400 rnA, and note that the SENSE
voltage should not vary by more than
approxim ately 0.1 mV, max. This
var iation is the input signal vo ltage to
the op amp; this will vary some from
one op amp to another due to differ
ences in ga in of the devices. A much
grea ter variation of voltage here with
current means that the SENSING is
not proper, possibly due to incorre ct
wiring of the terminals. If thi s test
checks out, you can then measure the
milli volts present at the test lead Clips.
Thi s will be very small and due to the
resistance of the test lead s and INPUT
terminal connection resistance (the ba
nana plugs). This voltage will vary
with current and will be equal to the
total resistance of the leads and con
nections multiplied by the current
flow. The method of eliminating this is
discussed later.

Test for proper opera tion




