
LIQUIDATION 
CLOSEOUT! 

BUY DIRECT AND SAVE Duetotheincreasingcostsofware­
housing, Mura is forced to discount its current stock of DVOM's to make 
room for new inventory. This means you can purchase these fine 
instruments direct from Mura at an extremely advantageous price. 

These prices are in effect only while current supplies last, so order the 
Mura DVOM you need today. 

MUM Model LCD-200 
• 31f2 digit readout • Large, easy-to­
read W' LCD display • Automatic 
probe function switching • 200 hr. 
continuous use battery life • DC V, 
.001-1000 DC mA, .1-200 AC V 
1-500 K ohms 1-2M • Size: 5%" x 
37fs'' x 1 %" • Weight: 12 oz. (incl. 
"M" cells) • Test leads & batteries incl. 

An optional $ 
carrying case 39 95 
is available @ • 
$4.95each 

MUM Model LCD-250 
• 3112 digit readout • Large, easy-to­
read W' LCD display • Automatic 
probe function switching • DC V, .7 
mV-1 kV ACV.7mV-.7kV•AC/ 
DC Current-.1 uA-1A Ohms-.7-
20 M • Size: 6" x 3%" x 1 W' Weight: 
12 oz. (incl. 9V batteries) Test leads, 
batteries& $49_95 carrying case 
included 

GUARANTEE-
If not completely satisfied with your 
Mura DVOM, return it to Mura within 10 
days of receipt for a full refund {less 
postage and handling) 

ORDERING INFORMATION-
Check or M.O. payable to Mura Corp.­
Add $2.00 per unit for shipping and 
handling-N. Y. residents add appropri­
ate sales tax-Allow 4-6 weeks delivery 

"" 

' 

-----------------Mura Corp. (Dept. RE) 

Westbury, N.Y. 11590 Name __________ _ I 177 Cantiague Rock Road 1 
i3 I Please send Address 1 
~ I __ LCD-200 @ $39.95 ea. I 
t) -- LCD-250 @ $49.95 ea. 

~ I __ LCD-200 carrying case City I 
0 I @ $4.95 ea. I 
~ 1 Total$ · amount of order. State Zip .J 
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Court. Tesla even went one step further in 
experimenting not only with transmission of 
signals, but of high power as well. His high­
frequency, high-power experiments at Col­
orado Springs in 1893 still fascinate present­
day scientists. 

Despite all of that, and other pioneering 
work, Tesla obtained very little recognition in 
the USA with (ironically) the Edison Medal 
being his highest honor. Nevertheless, the 
International Electrotechnical Commission in 
Munich, on July 7, 1956 (i 00 years afterTes­
la's birth), bestowed upon him one of the 
highest forms of recognition that a scientist 
can achieve. A unit of magnetic induction in 
the international system of units bears the 
name tesla, joining such historical electrical 
units as the farad, volt, amperE!, and ohm. 

Let me quote one of his contemporaries, 
Mr. Behrend, who spoke these words when 
asking Tesla to accept the Edison medal: 
"Were we to seize and eliminate from our 
industrial world the results of Mr. Tesla's 
work, the wheels of industry would cease to 
turn, our electric cars and trains would stop, 
our towns would be dark, our mil ls would be 
dead and idle .. . His name marks an epoch in 
the advance of electrical science. From that 
work has sprung a revolutibn." 

For those of your readers who want t,a learn 
more about the accomplil!;hments of Tesla, I 
recommend two books: the classical work, 
Prodigal Genius-The Life of Nikola Tesla­
lnventor Extraordinary, by John O'Neill, and 
the recent work, Tesla-Man Out Of Time, by 
Margaret Cheney. (See page 158, Radio­
Electronics, October 1982.) 
SLOBODAN CUK, Ph.D. 
Assistant Professor of Electrical Engineering, 
California Institute of Technology 

POCKET CALIBRATOR 
The Pocket Calibrator described by Mr. 

Gary McCle l lan in the June Radio­
Electronics ("Pocket Calibrator for Volts and 
Ohms") holds some traps for lhe unwary. 

First, the DC sources are "relatively" high 
resistance. For exalnple, the one-volt source 
has an equivalent internal resistance of 1111 
ol:lms. Thus, when calibrating a 20,000 
ohms-per-volt meier (analog) on the three­
volt scale, the output voltage will drop two 
percent; at 10,000 ohtns-per-liolt four per­
cent, and at 1000 ohms-per-volt, it wi ll drop 
25 percent. A few percent accuracy, indeed! 

Second, he implies a dependence of 
measurement accuracy of AC voltages on 
frequency-not so. The heating abi lity of an 
AC wave (that which we are usually trying to 
measure) is a function of periodicity, ampli­
tude (usual ly specified as peak or peak-to­
peak) and a shape factor (specifically, the 
root-mean-square of the voltage taken over a 
period); it depends upon frequency only to 
the extent of bandpass considerations of the 
measuring device. Thus. crystal frequency 
stability in his calibrator is wholly un­
necessary. The same result could have been 
obtained much more economically by using, 
say, a micro power equivalent of the 555 timer 
circuit in the free-running mode. 

It is perhaps of no moment that the vertical 
scan rate of coldr TV is not 60 Hz but 59.94 
Hz. McClellen can't get 6o Hz out of his cir­
cuit, anyway, witHout pushing (or pulling) the 
X tal. 

Let me say, however, that Radio" 
Electronics is the only electronics magazine 

continued on page 22 
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LETTERS 
continuedfrom page 14 

to which I subscribe, and I enjoy it. I'm 
pleased to say that I rarely find deficiencies in 
the material such as the ones mentioned 
above. 
L.D. SMITHEY 
Pacific Palisades, CA 90272 

Reader Smithey makes some interesting 
points. and ones that are easily cleared up. 
But, first, I think it would help if I pointed out 
just what the intended use of the Pocket 
Calibrator is. It is intended for use in the field 
(e.g. transmitter site) to spot-check electronic 
instruments. The project is designed t J be 

built at low cost by people who may not have 
access to laboratory instrumentation. As a 
result, the Pocket Calibrator will not provide 
absolute long-term accuracy, nor was it in­
tended to. That job is reserved for standards 
located in a temperature:-controlled labora­
tory. By way of contrast, our low-cost Pocket 
Calibrator's nearest laboratory equivalent is 
the Datel-lntersil DVC-5000. That low-cost 
instrument provides DC voltage calibration 
traceable to NBS, and sells for only $595.00' 
There 's about a tenfold difference in price; 
Keep that in mind. 

Regarding Smithey's remarks about "re­
latively" high DC resistance, he is referring to 
the output resistance on the 10-volt, 1-volt, 
and 0.1-volt ranges. The 10-volt range is no 
problem, due to the low impedance of the 
LM-723 regulator. The other ranges can 

Two New Portable 
Instruments From Simpson 

Compare the Specs! Compare the Price! 

MODEL 454 3" DUAL TRACE 
TRIGGERED SWEEP SCOPE 

• DC to 15 MHz bandwidth , 5 mVIdiv. sen­
sitivity, 100 nsecldiv. (X5) to .5 sec/div. 
sweep range 

• Differential amplif iers provide stable, 
clean waveforms 

• Voltage calibrated vertical and horizontal 
input attenuators 

• 100 KHz chopping rate for low-speed 
waveforms 

• Alternate mode automatically selected 
on high sweeps 

• 24 nsec rise time, 0.5 V P-P calibrator 
• Displays CH A, B. A and B, A + B. 

A - B. X andY 
• External, CH A or CH B triggering, TV 

sync 
• Compact 4-5/8 x 9-7/8 x 13-1/4 ", weighs 

131bs. 
• Two low-cap. X1/X10 probes included 

MODEL 420 FUNCTION 
GENERATOR 

• Provides sine wave, triangle wave, 
square wave and DC voltage output 

• Fixed TIL output drives up to 10 TIL 
loads 

• Wide frequency coverage of 0 1 Hz to 1 
M Hz in 7 ranges 

• Voltage-controlled generator input for 
sweep signals 

• Continuously variable DC offset control 
with convenient Off position 

• Model 420D provides full day's operation 
on batteries•, and it can also be re­
charged overnight. The instrument can 
be operated from AC line voltage without 
the batteries installed. *Batteries not 
supplied. 

• Compact 2.7 x 8.4 x 9" unit matches our 
DMM styling 

• Adjustable tilt-view handle 
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cause trouble with low-impedance analog 
multimeters. But both the text on page 53, 
Radio-Electronics, June 1982 issue, and 
the assembly manual that comes with the 
project clear that up. As a reminder, the text 
points out that if you are using one of those 
meters, the output will be reduced. It is then 
suggested that you measure the 1-volt and 
the 0. 1-volt outputs, and write down the read­
ings. Then refer to them later, as necessary. 
So, as you see, there is no problem here if 
you follow the instructions under the subhead 
"Use." Of course, it is easy to calculate the 
correct output, if you prefer. 

Regarding Mr. Smithey's remarks on the 
frequency dependence of the AC calibration: 
In that case there is a relation, due to the 
characteristics of the sine shaper that follows 
the MM5369. Change the frequency and the 
sinewave loses its shape, distortion rises, 
and the meter shows error. Average reading 
DMM's are especially prone to waveshape 
error, so the frequency is crystal-controlled. 
The output, which is 16.67 ms (60.0 Hz), is 
also handy for scope timebase accuracy­
checks. In short, the AC calibration circuitry is 
no place for an R-C oscillator. 

To sum up: The project will give the reader 
no problems if he uses it for the purpose for 
which it was intended, and reads and follows 
the instructions on its use. 

By the way: I designed a calibrator with no 
adjustments, and with a low-resistance DC 
output. But the cost turned out to be 
$190.00!-GARY McCLELLAN R-E 

The world of 
electronics 

gee-wizardry 

-YOURS FREE. 
32-pages of test instruments- from the 
latest digital multimeters to the famous 
EICO scopes. Security systems. Auto­
motive and hobbyist products. Kits and 
assembled. EICO quality. EICO value. 
For FREE catalog, check reader service 
card or send 501'! for first class mai l. 

1Dif 1 4; 1 ~8 Ne:" South Road 
H1cksv111e, N.Y. 11801 
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