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by Chuck Donaldson 

Historically, the oscilloscope has 
been used as a tool to make mea- 
surements of amplitude versus 
time over a rather broad frequency 
range. Since the display is com- 
pletely visual, the capability of 
deriving a great deal of qualitative 
information, e.g. waveform shapes, 
perturbations, etc. as well as the 
quantitive values .of amplitude and 
time, has caused the oscilloscope to 
become the engineer’s “screw- 
driver”. When a problem exists, or 
gross circuit characteristics are 
required, he has become accus- 
tomed to reaching for his scope, 
hooking it up to his circuit, and 
gathering information, without 
regard for such considerations as 
input and output impedances, rise 
times, etc. If a probe was required, 
the one which was mechanically 
most convenient was typically the 
one which would be used. 
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Divider Probes 

Let’s talk about how to make mea- 
surements with a typical general 
purpose scope-probe combina- 
tion. Initially, we’ll restrict the 
discussion to passive probes work- 
ing into a high-impedance oscillo- 
scope. In order to appreciate the 
problems involved, we might want 
to take a look at just what a probe 
is, and what it is intended to do. 
The input circuit of an oscilloscope 
has traditionally been a parallel 
RC circuit as shown in Figure 1. 
The advantage of this type of cir- 
cuit is that Rin can be .made 
high enough to present an insig- 
nificant load to many circuits 
(1 Megohm) while Cin can be he!d 
to a low enough value to maintain 
the desired system bandwidth. 
How does the probe affect the 
measurement? The simplest case 
is that of a 1:l transfer probe where 
the probe simply looks like a small 
resistance (200 to 300 ohms) in 
series with the scope input, and 
a fairly large capacitance (approxi- 
mately 37 to 55 pf) in shunt with 
the input of the oscilloscope. See 
Figure 2. The total magnitude of R 
remains essentially constant, but 
the new value of C presented to the 
circuit under test is Cprobe + 
Cinput, so we now have approxi- 
mately 1 Megohm paralleled by 57 
to 84 pf. This additional capaci- 
tance will translate into a loss of 
rise time and bandwidth. We can 
measurably improve the situation 
through use of a 1O:l divider probe, 

for those cases where the signal 
voltage is sufficient to drive the 
oscilloscope after the 1O:l division. 
A simplified circuit of this type of 
probe is shown in Figure 3. Looking 
into the probe tip, the circuit sees 
resistance Of R probe + Rinput. 
Typically, this would be 9M ohms 
+ 1M ohm. More importantly, note 
that the capacitors are in series 
and the effective capacitance is 
(Ccomd (CinDut). 
Ccomp + Cinput 

Typically the circuit sees a shunt cap- 
acitance of about 10 pf! 

While this is a very dramatic im- 
provement, this concept can be 
carried only so far since passive 
probe capacitance cannot easily 
be reduced to zero, and there is 
certainly a point of voltage division 
which becomes impractical. 



Active Probes 

TOOLS AND TECHNIQUES 

Active probing devices are the 
highest resistanceAowest capa- 
citance probes available today. 
An active probe with a 1 O : l  divider 
can provide an input resistance of 
1 Megohm shunted by about 1 pf 
of capacitance. These active probes 
are typically used with oscillo- 
scopes that have vertical amplifiers 
with a 50 ohm input impedance. 

Active probes aren’t usually 
thought of as general purpose 
probes, and because they are more 
expensive, more care needs to be 
taken in their use. Suffice is to say 
that when working at very high fre- 
quencies (above 300 MHz or so), 
there are different probes and tech- 
niques available to obtain more 
accurate results (e.g. sampling 
osci I loscopes). 

Measurement Accuracy 

Let’s now consider measurement 
accuracy. Suppose you feed the 
output of a pulse generator 
through a probe to an oscilloscope. 
You adjust the scope time base 
for a fast sweep. (This is the typical 
setup for measurement of rise 
time). The result is the familiar 
rise-time waveform shown in 
Figure 4. If the time base is set for 
a sweep of 5 nanoseconds per divi- 
sion, what is the rise time of the 
generator’s output pulse (ignoring 
any inherent scope inaccuracies)? 

Figure 4. Pulse rise time is measured between 
the 10% and 90% points on the leading edge 
of oscilloscope trace. in this case, rise time 
is 10 ns. 

5 nsldiv 

Readinn the CRT, YOU answer 0 - 
10 ns. Right? Maybe yes, and 
maybe no. 
Although 10 ns is the reading of the 
scope display, this value may not 
be the true rise time of the pulse. 
Ignoring scope inaccuracies, what 
other reason is there for suspecting 
that the measurement is not the 
real rise time? 
Basically, when the pulse passes 
through the probe, the scope ampli- 
fier, and even the scope CRT, it 
suffers rise time deterioration. 
Thus, the displayed waveform 
doesn’t represent the true, original 
signal. 
Although this is an unfortunate 
circumstance, it has one saving 
grace: it can be predicted. So if 
you erroneously said that the rise 
time in the example was 10 ns, it 
should be both interesting and 
informative to learn how to deter- 
mine what the error might be. 
True rise time can be determined 
by the use of the tongue-twisting’ 
formula known as the “square 
root of the sum of the squares.” 
In mathematical terms: 
TRG= \ J T R D ~ -  T R S ~  
where TRG = true signal generator 
rise time 
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TOOLS AND TECHNIQUES -1m 
TRD = displayed risetime 

~ 

TRS = osciIloscope/probe system 
risetime. 
For a 50 MHz oscilloscope/probe 
combination, the risetime is 7 ns. 
Putting this into the formula, we 
get: 

T R G = I / ~ = ~ =  7.1ns 
The actual risetime of the pulse 
generator is 7.1 ns, not 10 ns. The 
measurement was in error by about 
41%. 

1 1.5 2 2.5 3 4 5 8 7 

Figure 5. 
System Rlse Time Ratio 

Measurement Error VI. Signal/ 

It is important, therefore, to keep in 
mind that the displayed risetime is 
greater than the actual risetime. 
The amount of error can be deter- 
mined from the graph in Figure 5. 
Here, percent of error is plotted 
against the ratio of test system rise 
time over true signal risetime. As 
an example, suppose you are using 
a 100 MHz oscilloscope/probe 
combination that has a rise time of 
3.5 ns. You are examining signals 

whose true risetimes are 10 ns. Ten 
divided by 3.5 is 2.9. Using Figure 5, 
the error is 6%. 
Let’s look at the problem another 
way. Suppose we want our mea- 
surements to be within 5%. What 
is the fastest risetime we could 
view on the CRT without going 
over 5% in error? Going to the 5% 
point on Figure 5, the ratio is 3.2. 
For our 3.5 ns system (TRS = 3.5). 

True Signal Risetime = 3.2 
3.5 ns 

True Signal Risetime = (3.5) (3.2) 

Rearranging our formula, 

TRD = \~TRG + TRS 

= 11.2 ns. 

= 511.2 + 3.5 * = 11.7 ns 

Continued on Page 8 

graph of resistance versus fre- 
The input capacitance of a scope quency, with capacitance as the 
is held to a value such that the variable parameter, we can. 
desired system bandwidth can easily determine the source re- 

he measurement. How im- Figure A. 
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Here's your chance to share your ideas and views with other Bench Briefs reciplents. in 
Reader's Comer, we will print letters to the Editor, troubleshooting tips, modification in- 
fonnatlon, and new tools and products that have made your Job easier. in short, Reader's 
Comer will feature anything from readers that is of general interest to electronic service 
personnel. 

If there is something you have to share with other Bench Briefs readers, let us hear from you. 

ILLOGICAL LOGIC? 

Dear Mr. Gasperini: 
I expect that millions of your readers have 
already written to take issue with one por- 
tion of the solution offered to your Racing 
Quiz, but at the risk of some redundancy 
1'11 add my complaint. While I agree that the 
solution you offer is the most straight- 
forward, statement j does not really eliminate 
the American from coming in 4th place. 
The statement reads, "The driver that 
finished in 4th place has a mother-in-law who 
is bigger than the American." While I am 
bigger than my mother-in-law and perhaps 
you are bigger than yours, contradictory 
instances abound. Therefore, an alternative 
solution would be the order Italian, 
Englishman, Japanese, American, and 
German" for the Nationality column. The 
other two columns are unaffected. 
Thanks for a useful (otherwise) publication. 
Sincerely, 

G.B. Rollman, Ph.D. 
Associate Professor 

A number ofpeople did take issue with statement 
j. I've got a better quiz for a Mure issue. Watch 
hr it. 

Editor 

Hewlett-Packard: 
I would like to know if the plastic pushbuttons are 
available for your Model 241A oscillator. 
The 241A oscillator we have was accidentally 
dropped into Lake Tanycomo and went into the 
grates where the water goes into one of our 
generators. We shut the machine down and our 
dhrer retrieved it. It was a little beat up on the 
outside but it works fine. We could use the top 
row of buttons-"off" and 1 through 9. The push- 
button switches themselves are OK. 
Thank you, 
Don Hargis 
Communications 
Empire District Electric Co. 
Aurora, Missouri 

Thanks Ibr your letter on the 241A osc which 
went underwater into your generator grates. By 
the time you receive this, you should have a new 
set of pushbuttons and your oscillator should be 
back in A-1 shape. 
It's always encouragin to receive letters such 
as yours and we took t!e liberty to pass it along 
to some of our service people and the design 
engineer. They all enjoyed it and the design 
en ineer went off muttering something like "but 
I dPdn't DESIGN it to work underwater". Never- 
theless, he was delighted to hear it still works. 
Thanks for brightening our day. 

Editor 

c 

Dear Sir: 
After several years of using HP instruments while 
in the University and now in the field, this is the 
first time we have the possibility to read BB. We 
regularly receive the HP Joumal and enjoy the 
articles on description of a new instrument, but 
we never smile as we did with BB; this is neces- 
sary to relax the strain after a day of hard work. 
Daniel Grekoff 
Technical Man er 
AVlATRONlC 8 C  
Buenos Aires, Argentina 

NEW VIDEO TAPES 

Two new video tapes are available 
that will be of interest to service per- 
sonnel. 

BASIC OSCILLOSCOPE 
MEASUREMENTS 
(90030-#820) 23 minutes. Color. 
A basic introduction to oscilloscopes 
for use by electronics students and 
technicians who want to learn how to 
use an oscilloscope for measuring. 
This elementary program takes a brief 
look at oscilloscope block diagrams, 
front panel operation, the variables of 
voltage and time that an oscilloscope 
measures, typical oscilloscope mea- 
surements using divider probes, AC 
and DC coupling, triggered sweep, 
dual-channel X-Y mode, and TV sync. 
This single-concept, tutorial style pro- 
gram also includes a self-scoring quiz. 

SERVICE 
(90210-) 30 minutes. Demonstrates 
to service technicians and engineers 
the similarities between the five-instru- 
ment 7040 family of sophisticated X-Y 
recorders, to save time and effort in 
service situations. The program offers 
a brief introduction to each instrument 
in the line, then proceeds to a demon- 
stration of electrical calibration, a dis- 
cussion on troubleshooting, and a look 
at practical mechanical maintenance 
and cleaning procedures. 
To obtain more details or to place an 
order, please contact your local HP 
office. 

7040 FAMILY X-Y RECORDERS, 

8690B FREQUENCY 
RESPONSE 

If you find that an 86908 that you 
are repairing has limited frequency 
response, you might check the pro- 
tection circuit A4A5. If this limiting 
circuit has a failure, it will limit the 
input much earlier than it should. 
This limits the maximum helix vol- 
tage available, which in turn limits 
the output frequency. 
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@LINE FUSE SIZE 

Ever wonder why an instrument that re- 
quires a 2 Amp fuse for 110V opera- 
tion needs a 1% amp fuse at 220V3 
Intuition might indicate that half the 
current would flow at 220V and there- 
fore a 1 Amp fuse should suffice. Why 
the difference? One way of determin- 
ing fuse size is to pick the smallest 
rated fuse that will blow neither at 
turn-on nor at steady state. For 220V 
operation, the value determined is 
reduced by 50% since the primary cir- 
cuit current flow is only half. 

This does not work in general because 
of surge current at turn-on. 

A 2 Amp fuse will tolerate a 5 Amp 
surge for about 180 ms. Refer to the 
fuse chart. Let’s assume that our in- 
strument has a 5 Amp surge for 120 
ms when operating on 110V line. OK 
so far. This fuse will probably be se- 
lected for 110V operation, assuming 
that the steady-state current is below 
2 Amp (and assuming other tests are 
passed). In seleciing a fuse for 220V 
operation, we note that we still have a 
120 ms surge, but now it is 2.5 Amps. 

Looking at a fuse chart, we find that 
we would be in trouble with a 1 Amp 
fuse because it will blow after 90 ms 

HP recommends that an ex& replacement be obtained for fuses. This chart is presented only 
as an aid in understanding how fuse sires am selected durlng product design. (Chart Courtery 
of Littlefuse, incorporated) 

with our 2.5 Amp surge. The next lar- 
gest fuse size, 1 VI Amp, tolerates a 
2.5 Amp surge for about 200 ms. 
Therefore this one is specified by the 
design engineer. is obtained. 

When replacing fuses, be sure to use 
the exact replacement listed in your HP 
operating and service manual. This 
will ensure that optimum protection 

ATTENTION 419A 
USERS 

Some older model 419’s may have 
a POTENTIONAL SHOCK HAZARD. 
A kit to increase operator safety may 
be obtained from your nearest 
HP office at no cost. Ask for HP 
Part Number 00419-69500. 
An ohmmeter may be used to deter- 
mine if your instrument needs this 
modification. 
1. With all power removed from 

the 419A and with the line 
switch off, connect one ohm- 
meter lead to the - (minus) 
INPUT terminal. 

2. Set the ohmmeter on the 1K 
ohm range. 

3. Connect the other ohmmeter 
lead to the set screws on the 
NULL pot, ZERO pot, and 
RANGE switch one at a time 
and note the readings. 

4. The ohmmeter should indicate 
infinity. If it instead shows 
continuity, it is recommended 
that the modification be installed. 

The modification takes about one 
half hour to perform and Service 
Note 419A-7 (included in kit) gives 
step-by-step instruction. Contact 
your HP office for further 
information. 

WWW.HPARCHIVE.COM 

8690 SERVICE TIPS 

If you find that A8R5 or R8 are bad- 
ly burned in an 8690, check for 
these two possible problems. First, 
check to see if A1C2 is shorted (this 
capacitor is in parallel with AlR17 
on ‘the modulation board in the RF 
plug-in). A second possibility is that 
the BWO is drawing excessive 
current. 

Also, if you find an A4C47 failure, 
this may be caused by failure in 
AlQ1, Q2 or CR1 in the 8707. A 
solution here is to replace the tran- 
sistors with HP Part No. 1854-0079 
instead of 1854-0232. 



"...call your local HP Although many HP manuals and 
other publications contain a com- 
plete list of HP offices, the list 
may not be completely current 
since it is revised only when the 
publication is reprinted. 
To make sure that you can easily 
locate your local HP office to ob- 
tain the service you have come to 
expect of Hewlett-Packard, here's 
an up-to-date listing of field offices 
for all areas of the world. 
An arrowhead ( b ) by the office 
serving your area indicates that 
there has been a change in address 
or telephone number, etc. during 
the past year. It may be helpful 
to note the new information and to 
pass it along to others in your facil- 
ity also. 

148 Weldon Parkway 
MWIaS4 lW#llh 63043 
Tef: (314) s87.1455 
TWX: 910-764.0030 office.. . " 
NEW JERSEY 
W. 120 Century Rd. 
Pnrlur 07652 
TeI: (201) 285.5wo 
TWX: 710-9905951 

That's a phrase frequently seen in 
HP publications. It appears with 
shipping instructions, parts order- 
ing information and service litera- 
ture. That phrase reminds you to 
call your local HP office if you need 
help. But to do that you must 
know where to find your local HP 
office. As HP continues to grow, 
many offices find themselves out- 
growing their facilities and moving 
to larger quarters. Occasionally an 
additional office is added to serve 
an area. These changes may mean 
that an HP office is now more con- 
veniently located for you. 

PENNSYLVANIA 
111 zeta Drive 

Tel (412) 7829400 
b Pittrbut$! 152% 

Nlghti 782-0401 
TWX. 710.735-3124 

NEW YUO 
P.O. BOX 8m 
station e 
6501 LOMS Boulevard N.E. 
ABUWWQW 47101) 
l e i  (905) 265.3713 
TWX. 910-989-1665 

1021 8th Avenue 
King of Prussla Industrial Park 
Klng O f  hUllla 19406 
Td: 121s) 26C7wO 
TWX: 510.6602870 

156 Wyatt Drive 
L8I ENn am01 
Tel: ($LlS) 526.2465 
TWX 910.98SMM 

NEW YORK 
6 Automation Lam 
Computer Park 
Albany 12205 
Tel (518) 458.1550 
TWXi 710-441-8270 

R H O M  ISLANO 
873 Waterman Avo. 
E.rt h o v M m  02914 
Til: (4011 434-5535 
TWX: 710-381.7573 

*TENNESSEE 
Memphis 
le i :  (901) 274.7472 

1219 Cempvllle Road 
E a 6 W  13760 
1.1: I6071 754.0050 
TWX: 510.252.01190 

TEXA!i 
P.0 Box 1270 
201 E. Arapaho Rd. 
R h l n d w n  75080 
Teb (214) 231~6101 
TWX. 9106674123 
P.O. Box 27409 
6300 Wetpark O r i n  

lei: (713) 781.6WO 
TWxi 910-881+845 
231 ll l l ly Witellell Roed 
1111 Anlolllo 78226 
le i .  (512) 434-4171 
TWX 910.871-1170 

s u m  Hutul 1w 77027 

82 W.rhinalm street 
r4- l z b o l  
T i l  1914) 434-7330 

39 saelraw Drive 
TWX 510.2480012 

I0ehert.r 14623 
141, I7161 473-9600 
TWXs 510-253.5981 

5858 E.11 MOllOY RO8d 

Ttl. 1315) 434.2486 
Twx: 7105414482 

W r * r R  11797 

WX 510.221.2168 

NORTH CAROLINA 
P.O. Box 5 1 a  
1023 North Main Street 
H l l l  R h l 2 7 2 6 2  

Syrruse 13211 

1 Crouwayt Park west 

Tel: (516) 921-0300 

UNITED STATES 

2220 Watt AVO. 
srnnunto 95825 
1.1: (916) 482-1463 
TWX 910-367.2092 

MARYLAND 
6707 Whltertcm Road 
B I l l h n N  21207 
TeI: (3011 944.5400 
TWX: 710-862.9157 

20010 Century B i d .  b carnuntorn 20767 
Tel: 131) 428-0700 

2 Clmke Cherry Road 
nochine 2 0 ~ 0  
Tel: I3011 W 3 7 0  
TWX: 710-=b%64 

P.O. BOX 1648 

ALABAMA 
8290 Whitesburg Or.. S.E. 
P.O. Box 4207 
uuns1yIIle 35802 
Tal: (205) 881.4591 
Twx: 810-726-2204 

UTAH 
2 m  Swth Maln Mnet 
Salt Wn CRY 64115 
Tel: (801) 4874715 
TWX: 910-925W1 

GEOIWIA 
P.0 BOX28234 
450 Interstate North 
A t l u l l  30328 
Tal (4041 436-6181 
WX 810.7664890 

HAWAII 
2875 so King Street 
HonO(uIU 96614 
re i  808) 955 4455 

Indhllapalls 46205 
Tei (317) 546.4891 
TWX 810-341 3263 

IOWA 

9606 Aero Drive 
P.O. Box 23333 
San Dlec. 92123 
Tel, (714) 279-3200 
TWX. 910.335.2000 

ARIZONA 
2336 E. Magnolia St. 
Ph.enlx 85034 
Tel: (602) 244-1361 
TWX: 910-951-1330 

PO Box IMs4 
2914 Hungary Springs Rosd 

lei. (8441 2853431 
TWX. 71O.SUB157 

b Rlchn*.d 23228 

COLORADO 
5600 South Ulster Parkway b Englewood 80110 
rei (3031 771-3455 
TWX 910 935 0705 

2424 East Aragon Rd b Tucson 85706 
Tel. (602) 889-4661 

CALIFORNIA 
1 4 0  East Orangelhorpe Ave. 
Fullerton 92631 
l e i  (714) 870.1000 
TWX 910.592-1288 

WASHINQTON 
Bdlefleld Ofllce Pk. 
1203.114th SE 
Bellewe 9 m  
Tal: ('26) 4W.3971 
TWX: 910442-2446 

MASSACHUSeTIS 
32 Hartwell Awe. 
L~dOl t .0  02173 
Tel: (617) 861-8960 
TWX: 710.326-6904 

12 Lunar Drive 
New Hawen 06525 
Tel I2031 389-6551 
TWX 710 465 2029 

FLORIDA 
PO BOX 24210 
2806 W. Oakland Park Blvd 
PI. Lamrdafe 33307 
Tel (305) 731-2020 
TWX 5109554099 

SOUTH CAROLINA 
69414 N. Trenholm Road 

Tel: (8~7.3) 782-6493 
b Columbia 29260 

MICHIGAN 
23855 Research Drive 
Frnnialt.n 48024 
Tel: (313) 475-6400 
TWX: 810-2422900 

MINNESOTA 
2459 University Avenue 
St. PWI 55114 
Tel: (612) 645.9461 
TWX: 910-563-3734 

3939 Lankershlm Boulevard 
North HollY*OOd 91604 
101; (213) 877.1282 
TWX: 910-499-2170 

6515 Arizona Place 
Lo5 Angefes 90045 
Tal: (2131 776.7506 
TWX: 910-328-6148 

1101 Embmadero Road 
Pal0 All0 94303 
TcI: (4151 327-6500 
TWX: 910-373.1280 

WISCONSIN 
sa1 w. BSlOlt  noad 
suite 117 
MIIwaIIR. 53227 
Teli (4141 5414590 

OHIO 
16500 %,ague Road b CWWIUld 44130 
Tel (216) 243.7300 
Night: 242-7305 
TWX: 810.423-9431 

1902 Broadway 

Tel: (319) 338-9466 
Night, (319) 3384467 

LOUISIANA 
P 0. BOX 840 
3239 Willlams Boulevard 
Kennor 70062 
Tel: (5041 721.6201 
TWX. 810.955-5524 

b Ian CRY 52240 

FOR U.S. AREAS NOT 
LISTED: 
Contact the reglonal offlce mar- 
est you: Allant., Georgia . . . 
North Hollywod, California. . . 
Paramus. New Jersey.. . SkokIe. 
Illlnols. Their complete ad- 
dresses am l ided above 
'Service Only 

P.O. 801 13910 
6177 Lake Ellenor Or 
OrlUI#O. 32809 
lei. (305) 859-2900 
TWX 810-850-0113 

330 Progress Rd. 

Tel. (513) 859-8202 
TWX. 810.459-1925 
6665 Busch Blvd. 
Cdumbus 43229 
14, 1614) 846-1300 

b il8rt.n 45449 MISSOURI 
11131 Colorado Ave. 
KanUt CIty 64137 
Tel: (816) 763mOo 
TWX: 910.771-2087 

CENTRAL AND SOUTH AMERICA 

HewIett-Packard Do Brasil 
I.E.C. Ltda. 
Rua da Matriz. 29 

Hewlett.Packsrd Argcntlnr 

2WM)-Rlo de laneiro4B 
S.A.C.e.l 

Tel: 266.2643 
Lavalle 1171 -3' 

Telex: 210079 HEWPACK 
Bwnos )ires 

Cable: HEWPACK Rio de Janelro 
lei: 35.0436. 35.0627, 350341 
Telex: 012-1009 

CHILE 
Cable: HEWPACK ARC 

BOLIVIA Hector Calcagnl y Cia. Ltda. 
Stambuk & Mark (Bolivia) LTDA. casills 16.475 
Av. Marircal. Santa Cruz 1342 Santiago 
La Pal Tel: 423 96 
le i :  40626, 53163, 52421 Cable: CALCAGNI Santligo 
Telex: 3560014 
Cable: BUKMAR COLOMBIA 

Instrumentacibn 
BRUlL Hcnilk A. Langebaek & Kler S.A. 

Carrera 7 No. 48-59 Hewlett-Packard Do Brasil 
I.E.C. Ltda. Apsrlado A6rw 6287 
RUI Fret Caneoa 1119 
01307-Sl PIyIO.SP TeI: 45.78.06. 45-55.46 
Tel: 288-7111, 287-5858 Cable; U R l S  Bogota 
Telex: 309151/2/3 Telex: 444001NSTCO 
Cable: HEWPACK L o  Pavlo 

ARGENTINA 

Bogota. 1 O.E. 

ECUADOR 
Laboratorlos de Radln-lngenlerla 
CaIIe Guapqnil 1246 
Post Office Box 3199 
wit. 
id: 212.4%; 219.185 
Cable HORVATH (lull0 

NICARAQUA 
Roberto Terln G. 
Apartado Postal 689 
Edlficlo Terln 
Managua 
Tel: 3451. 3452 
Cable ROTERAN Managua 

PERU 
Compafiia Electro Medica S.A. 
Ave. Enriqve Canaval 312 
San lsldro 
Casllla 1030 
Llma 
Tel: 22.3900 
Cable: ELMEO Lima 

YENUUELA 
Hewlett.Packard de Venezuela 
C.A. 
Apartado 50933 
Edificio Segre 
Tereera Transversal 
Los RuIces Ncrte 
Caraui  107 
Tel: 55.0011 
Telex: 21146 HEWPACK 
Cable: HEWPACK Caracas 

EL SALVADOR 
Electronic Associaies 
Apartado postal 1682 
Centro Comercial Gigante 
Sal Salvador. El Salvador C A 
Paseo Escalon 4649.4" Piso 
Tel 23 44 60, 23 32 37 
Cable ELECAS 

PANANA 
Electr6nlco Balboa, S.A. 
P.O. 801 4929 
Awe. Manuel EsplnoSa NO. 13-50 
Bldg. Allni 
Panama Clty 
Tel: 230833 
 ele ex: 3481103. Curunda. 
Canal zone 
Cable: ELECTRON Panama City 

PARAQUAY 
Z. 1. Melamed SAL.  
Olvlsion Aparatos Y EqUlPos 

Medicos 
Division: Aparator y Equlws 

Sclentiflcos y de 
lnveatl aclon 

P.O. BOX h 6  
Chile, 482. Edltlcio Victoria 
AsuDslon 
TeI: 4.5069, 4.6272 
Cable: RAMEL 

PUERTO RlCO 
San Juan Electronics. Inc. 
P.O. Box 5167 
Pome de Leon 154 
Pda. 3-PTA de Tierra 
Jan Juan OW06 
Tel: (8091 725-3342. 722.3342 
Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 

URUGUAY 

GUATEMALA 
IPESA 
Avenids La Reforma 3.48. 
Zona 9 b euanmMa 
rei: 63627, 64736 
Telex: 4192 TELTRO GU 

MEXICO 
Hewlett-Pnkard Mexlcana, 
S.A. de C.V. 
Torres mild No. 21. 11' Pis0 
CoI. del Ville 
M W a  12, O.F. 
Tel: 543-4242 
TeIeX; 017.74-507 

Pablo ferrando S.A. 
Comercial e lndurlrlal 
Avenida ltalia 2877 
Casilla de Correo 370 
MonNlldan 
Teli 403102 
Cablei RADIUM Montevldea 

FOR AREAS NOT LISTED, 

CONTACT: 
Hewlett-Packlrd 
tnter.Amerlcas 
3200 Hillview Ave. 
~ ~ O ~ l ~ h l  %:!;;a 94304 

TWX: 910473.1267 
Cabla: HEWPACK Pal0 Alto 
Telex: 034.8300. O W W J  

COSTA RlCA 
Lic. Alfred0 Gallegos Gurdiln 
Apartndo 10159 
SUI Iosb 
Tel: 21.W6-13 
Cable GALGUR Sen lose 

HewlettPackard 00 Brasil 
I.E.C. Ltda. 
Praca nom Fellciano, 78 
90MIOhrb A l e m R S  
RIo Grande do SUI (US) Erasil 
Tel: 25.8470 
Cable HEWPACK Port0 Alegre 
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ALBERTA BRITISH COLUMBIA 
HewIett.PaChard (Canada] Ltd 
11748 Kingsway Ave 837 E Cordova Street 
Edmonton TSG OX5 b Vancouver WA 3R2 
Tel (403) 452.3670 Tel (6041 254 0531 
TWX 610 831.2431 TWX 610-922.5059 

Hewlett-Pachard (Canada) Ltd 
915 42 Avenue S E 

Tel (4031 262 4279 

newlett Pachard (Canada) Ltd 

Calgary 720 1Z1 

MANITOBA 
Hewlett PsChlrd lCanidd1 Ltd 
513 Century St 
St James 
winnipq R3H ou 
Tea (2041 786 7581 
TWXi 610671.3531 

NOVA SCOTIA 
Hewlett-Packerd (Canada) Ltd 
2745 Outch Villipe Rd 
HrHW B3L 467 
Tel (902) 4554511 
TWX 610-271441 

ONTARIO 
Hewlett-Pachard (Canada) Ltd 
1785 Woodward Or 

TeI (613) 225 6530 
TWX 610 562 8968 

b onawa K ~ C  ow 

QUEBEC 
HewletWachard (Canada) Ltd 
275 Hymus BoYleVird 
?olnta chin H9R 167 
Tel (518) 5616520 
TWX 610 422-3022 
Telex; 05-821521 HPCL 

FOR CANADIAN AREAS NO1 
LISTED: 
Contact Hewlett.Pschard (Can- 
ada) Ltd. in MIsSissauga 

Hewlett Pachard lCanadai Ltd 
6017 Goreway Orlve 
MIssIssauga L4V 1L9 
Tel (416) 678 9430 
TWX. 6104924246 

Hewlett.Pachard (Canada) Ltd 
2376 Galvanl Street 

Tel (418) 688-8710 
. sle.Foy GIN 464 

EUROPE 
Hswlett-Paclurd Frme 
Zona I(honmt!wa 
Avsnue clement M e r  . ~ . 3 i n o  Clk.lan 
Tel: (61) 86 81 55 
Telex: 51957 

llJmW.v 
TaIakorn En#lnearlng Bureau 
Sagilk Soh No. 1511 
Ayawau-Beyoglu 
P.O. Bm 437 Bmglu  
T R - I N l k l  
Tal: 49 40 40 
Cable TELEMATION Istanbul 

UNITED KINQWM 
Hewlelt-Palurd Ltd. 
224 0ath R O l d  
GS-Sl@. SL1 4 DS, Bucks 
Telr SlWth (0753) 33Ul 
Cablei HEWPIE Slovlh 
Telex e48413 
Hewlett.?aclurd Ltd. 
" ~ h s  Gnnons" 
Stamford New Road b GB.Alblach.rn, Cheshlra 
Tel: (061) 92&9021 
Telex 668068 

Hewlen-Rclurd R l b H  
vemiablbPm H8mbuq 
wwdanb .  23 
D.2WO-1 
Tal: (W) 24 13 95 
Cabla HEWPACKU Itamburg 
Rtax 21 63 052 hphh d 
Hewlett-Prlurd OmbH 
VutrltbabOm WMOVW 
Mellendorfar Straue 3 . 0 . 3 O O O I l l l ~ ~ H  
Tel! (0511) 55 MI 26 
newien-packard EMH 
Vertrlabsbum Numrnberg 
nersbnukerstrasw 42 

Tel, (0911) 57 10 66 
7810~  623 860 

Hewlett-Paclurd GmbH 
Vertrlebabilm Mllnchen 
Unierhachlnger Strasse 28 
ISAR Center 
04012 ottobrunn 
101. ( O W  601 30 61/7 
Telex 52 49 85 
Cable HEWPACKSA MOchen 

(WUI sarcln) 
newiett.?aehrd GmbH 
Vertrl.babOm Mrlln 
Wllmeradorfer Strarre 113/114 
O-lwo erl ln w. 12 
Til.  (030) 3137046 
 ele ex, 18 34 Os hpbln d 

. MlMD-rK 

AUSTRIA 
Hewlett.Paclurd Gea rn.b.H 
Handelrlu 52/3 
P.O. Box 7 
A4205 W W .  
Tal, (OZU) 33 66 06 to 09 
Cable HEWPM vlenna 
Taln; 75923 hswpah a 

? D n N p I L  
Telsctra-Emprw T k n l u  de 
Equlplmentoa Elkhlcos S.a.r.1. 
Rua Rmlrlgo da Fonwca 103 
P . U l m  P.O. Box 1 2531 

Tal: (19) 68 60 72 
whb; TELECRA Llsbon 
Telex 1598 

ITALY 
Itawlatt~Paclurd Itallana S.P.A. 
VIa h r l w  V e m m l  2 
1-20124 Yllm 
Tab (2) 6251 (10 Ilnes) 
C*Io HEWPACKIT MIIan 
Telex 32046 
t!ewlett.Packard Itallana S.P.A. 
VICOlO PaItwl. 3 
1.351W PMalt 
Tal: (49) 66 40 62 
Telal(; 32046 vIa Mllan 

BELQIUM 
HewlebPrhard Benelux 
S.A./N.V. 
Avenue da CoWert, 1, 
(Gmnhraqban) 
8-1170 I W S W l l  
Tal: (02) 72 22 40 
Cable PALOBEW Brussels 
Telex 23 494 paloben bru 

SPAIN 
Hewlett.Paekard Elpaflola. S.A. 
Jerez No 8 
E*l*.ld 16 
Tel: 458 26 W 
Telex: 23515 hp. 

Hewlett.Paclurd EspaLIa, S.A. 
Milanasado 21.23 
E.SIC.IUU 17 
Tal: (3) 203 62 W 
Telex 52603 hpbe e 

DENMARK 
Hewlett-Prlurd A/S 
oatave1 38 
OK-3460 0lrll.nd 
Tal: (01) 81 66 40 
Cable. HEWPACK AS 
TaleX: 186 40 hp #I 

Hswlett-Prkard France 
A#ence R&lonale 
74, A 1 1 ~  de la Robertreu . F67WO-lW# 
TeI: (88) 35 23 2W21 
Telex 89141 
Cable, HEWPACK STRBG 

GERMAN FEDERAL 
REN6LIC 
Hewlett.PacMrd GmbH 
Vertrlebszentmle Frankfurt 
Bemmerrtrasse 117 
PosWrh 5M) 140 
MOW fmtlr( 56 
101: (0611) 50 w-1 
Cabls HEWPACKSA Frankfurt 
Telex: 41 32 49 tra 
Hewlott.?aclurd OnbH 
VerMabrWm BWllngen 
Herrenbergerstrasse 110 
D.7030 IU~IRIWI. WUrttemberg 

Cable: HEPAK BWllngen 
Telex; 72 65 739 bbn 

101: (07031) 66 77. 87 

Hewlett.Packard Ewanola S.A. 
Av Ramon y CaJal. 1 
Edlflclo Sevllla I, planta O9 . E-UYIIII 

Hewlett.Pachard, Ltd. 
C/O Mahro 
SOUth S M V l C l  W1IDI0SaIE Centn 
Amber Way 
Halesowen Industrial Estate 

Tal: Blrmlnghlm 7860 
b 60-WUsr. 

newlett-Packard us 
TON0t 9 
OKdBoO S l l h L u l  
Tal, (W) 1 . 7 1 6 6  
Taler; 166 40 hp as 
Cable: HEWPACK AS 

FINLAND 
Hawlett-Ptckard OY 
Bulevardl 26 
P.O. B O X  12185 
SF90120 W.UnU 12 
Tal: (W) 13730 
cable: n m m o Y  nelslnki 
TelsX: 12-15363 hel 

FRANCE 
Hewlett-Pacbrd Frame 
~rurt ier  de Cwrbboeuf 
nolle hstala No. 6 
F.91401 O I U Y  
Til: (1) 907 78 25 
Cable, HEWPACK Onay 
reiax 6 m  

Hewlett-Rclurd France 

SWEDEN 
tiwiattwalurd wr~a AB 
Enlghltsvmn 1.3 
Fach 
P161 20 Bmalml20 
Tal: (08) 730 06% 
Cable MWUREMENTS 

Stockholm 
Telex: 10721 

Howlan.Prluld address for VAT. I N ' S  purpowa raglstend 

only: 
70. Flnlbury P m m n t  
undon. E c u l s x  
R W l I t ~ I a d  NO$ 690597 

SOCIALIST PLEASE COWTACT: CDUN7RIW 

Hewlett.Pachard Handelskal 5213 Ges.m.b.H. 

P.O. BOX 7 
1-1205 vlum 
Ph: I02221 33 66 MI to 09 
Cable: HEWPACK Vlanna 
Tela: 75823 hawpak a 

LUxEMBURa 
HewlRtt-Rchard Benelux 
S A r n V  
Avenue de Col Mrt. 1, 
(Groenhraaglnan) 
0.1170 Bmauls 
Tel (03/02) 72 22 40 
Cable PKOBEN BruswIs 
TRleXi 23 4% 

NETHUUNDS 
HRwlatt-Prlurd Benalux/N V 
Weardeateln 117 
P 0 BOX 7 1 5  
NL.lrnmmIm, 1011 
Tal W11522 
Cable PALOBEW Amsterdam 
Telex 13 216 hepa nl 

NORWAY 
Hewbtt Paekard Norge A/S 
NesMien 13 
Boa 149 
N 1344 UaiIum 
Tell (02) 53 a3 60 
Telex 16621 hDnar n 

GREECE 
Kostar Karlyannlr 
18, Ermw Street 
GR-Ubanr 126 
Teli 8080337, Km.359, 

M 4 H ,  801!?633 
Cable R A M  Athens 
Telex) 21 59 62 rlur gr 

newlatt.?r!urd s m ~ g e  AB 
Haphersgatan 9C . s93141  YIllIW 
Tel: (031) 27 68 W/O1 
Telex  VIa Bmmrm 

S W m U U N D  
Hawlett Pachard (Schwelz) A6 
ZUrcherttrarw 20 
P.O. BOX 64 
CHd952 Schlleron m l a h  
Tal: (011 98 18 21/24 
cable HPAG cn 
Telex 53933 h p q  ch 

Hewlett-Paclurd S.A. 
Medlternnean IL Mlddle East 
'3peratlonr 
35 Kolohotmnl Street 
Platla Kefallarlon . Gr.KlIlsrla.AMns 
Tel. 8080337, 8080356. 

IRELAND 
Howlan-Rckard Ltd. 
224 Bath Rcud 
G E S ~ ~ I ~ I .  SL14 DS. Bucks 
Tel: Slough (0753) U S 1  
Cable HEWPIE Slough 
Telex e48413 

80L10429, 0018693 

Hewiett-Prlurd GMH 
VertrlelnbPm Dlueldorf 
Vogelunger Wag 38 
O J W O  OUnaI*rI 
Tel: (0211) 63 80 31/38 
Telex 85/86 533 hpdd d 

M L  QTHLR EUROPEAN 
COUNlnIES CDmm 
Hawbtt-Packard SA. 
Rue du Bolsdu-Lm 7 
P.O. BOX 85 
CH.1217 Meyrln 2 P . M ~  

Swltwrland 
Tel: (0221 41 54 W 
Cable HEWPACKSA Geneva 
Telex 2 24 86 

newlett.?ackard (Schwelz) AG 
9, Chemin Loulr.Plctet 
CH.1214 Vernler-Ganava 
Tel: (0221 41 4950 
Cable? HEWPACKSA Geneva 
Telex 27 333 h p u  ch 

Alenee Regional 
4 Pual des Etroltr 
~ 6 9 3 2 1  Lyon Cadax 1 
1.1: (78) 42 63 45 
Cable HEWPACK Lyon 
Tela: 31617 

AFRICA, ASIA, AUSTRALIA 
Blue Star, Ltd. 
7 Hare Street 
P.O. Box M6 
wlrm 7 w  W1 
Tel: 230131 
Telel; 655 
Cable BLUESTAR 

ANGOLA 
Telectra.Emprera Tecnlca 

de Equlpamentos Electrlcos 
URL 

Rua de Barbou, Rodrlguer, 
42-1'. 01' 

P.O. Box 6487 
Lunda 
Cable TELECTRA Luanda 

AUSTRALIA 
Hewlett. Pachard Australla 

Howlett-Packard Australia 

10 Woolley Street 
P.O. Box 191 
Mcluw A.C.T. 2602 
Tela 4 9 6 1 1  
Cablit HEWPARD Canbena ACT 
HIWlett-PKkard Australla 
Pty. Ltd. 
2nd Floor, 49 6Rgory Terrace 
WrLu. Pwenllmd, 4wO 
Tell 29 1544 

Pty. Ltd. 
HONG KONG 
Schmldi 6 Co. (Hong Kong) Ltd. 
P.O. Box 297 
Connallght Centre 
39th F lwr  
Connaught Road, Central . nons K m  
Tel: 240168, 232735 
Telex HX4766 
Cable SCHMIOTCO Hong Kong 

INDIA 
Blue Star Ltd. 
KastUrl Bulldlngr 
lamahsdil la ta  Rd. 
Bornhay 400 020 
Tel: 29 M 21 
Telex: 3751 
Cable: BLUEFROST 

Blue star Ltd. 
Sahas 
414/2 Vlr Savarkar Marg 
Prabhadevl . BO&Y 400 025 
Tal: 45 70 87 
Telex 4093 
Cable FROSTBLUE 
Blue star Ltd. 
nand Box HOUM 
Prabhldevl . saabv 400 MS 
Tel: 45 73 01 
Telex 3751 
Cable BLUESTAR 
Blue Star Ltd. 
14/40 Clvll Liner 

Tal: 6 88 82 
Cable BLUESTAR 

mw 208 w1 

Blue Star Ltd. 
niw star h u e .  
34 Ring Road 
LaJpat Rpr 
M. 0.HI 110 024 
Tal: 62 32 76 
Telex: 2483 
Cable BLUESTAR 

CEYLON 
Unlted flsctrlcalr Ltd. 
P.O. Box 681 
60, Park St. 
cihnk 2 
Tal: 266% 
Cable: HOTWlM Colombo 

Blue Star, Ltd. 

11/11A Magaralh Road 
B U U l t n r  560 025 
Tel: 55668 
Telex, r(gg 
Cable BLUESTAR 

Blue Sbr, Ltd. 
1-1-117/1 
Samllnl OevI Road 
&CUlld#r8bld 500 003 
Tel: 7 63 91. 7 73 93 
cable nLuEmosT 
18101: 459 

niw star HOW 

Hewlett-Paclurd Australia 

31 Bridge Street 
4mbla. 
New South Wales, 2073 
Tal, 449 6566 
Telex: 21561 
Cable: HEWPARO Sydney 

my. LM. 
vobcwn-Hnvl.n.Pacrird LM. 
Chvo Id$ .  
Rm. 603 J, 
2.ChOQW 
INMI.OH0, 
M l b ,  310 
Teh 629245.7470 
KENW 
K w a  KtWIcs 
Pa. Bm la311 
wr*~, tienm 
Tal: 57326 
Cablei PROTON 

KORE4 
Amerlun Tndlna Company 

Korea, 
I.P.O. Box 1103 
DCC KYUW mg., 8th FIOOI 
107 SCiOWRO, 
ChonnPKu. SawI 
R I :  (4 Ilnes) 7WS24.7 
Cable: AMTRAC0 Seoul 

Hewlatt-Pachard Auitmlla 

97 Churchlll Road 

South Avst r i l l i  
Tal: 44 8151 a Cable HEWPARD Adelalde 

PtY. Ltd. . h l l C # C t  5082 ETHIOPIA 
Afrlcan Salespower 6 Agency 

Prlvate LM., Co. 
P. 0. Box 718 
58/59 Cvnnlngham St. 
Add11 m a  
Tel: 12285 
Cable) AUCO Addlulnba 

Blue Star, Ltd. 
23/24 Second Llne Beach 
Madras 600 W1 
Tsl: 23954 
Telex: 379 
Cable BLUESTAR 

Hawlett-Paekard Aurtmlla 

Casablanca Bulldlngs 
1% MelaIda Tenace 
Wrih. W.A. BOW 
101: 25b800 
Cabls; HEWPARD Perth 

Pty. Ltd. 

Continued on Page 8 WWW. H PARCHIVE.COM 
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OscilloscoDe Probes oscilloscope, and the circuits you measurements with a minimum 
continued from Page 3 

Anytime the displayed risetime is 
less than 11.7 ns, our measure- 
ment is in error by greater than 5% 
(unless we calculate it out). As you 
can see, making accurate measure- 
ments with a probe and oscillo- 
scope isn't quite as simple as it 
first appears especially at high 
frequencies. The day is gone when 
you just hang your probe in a cir- 
cuit and assume that it won't load 
your circuit and that the reading 
you are getting is accurate. With a 
little knowledge about your probe, 

are probing, you cah make accurate disturbance to the circuit. 

facturing division. This division 
builds oscilloscopes, CRT dis- 
plays, logic analyzers and other 
electronic products. 
Chuck is a graduate of the Univer- 
sity of Colorado with a BSEE and 
a degree in General Business; 
he has been with HP for 9 years. 
Like many people in Colorado, 
Chuck enjoys skiing in the many 
ski areas in the Colorado area. 
Chuck is married and has four 

ChucK Donaidson is currently the 
Service Manager at the HP C o b  
redo Springs, Colorado, manu- children. 
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