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lil. GENERAL DESCRIPTION

The Probe Set is designed as a diagnostic aid for locating and character-
izing sources of E or H-field emissions. Versatile and easy-to-use, this set
is a convenient and inexpensive tool for extending the capability of your
spectrum analyzer, oscilloscope or signal generator. Using the probe set,
you can defect and identify the signal sources that might prevent your
products from meeting federal regulatory requirements. :

Made of injection molded industrial grade plastic, the five prebés in the
Probe Set are durable, light-weight and compact. Aione or with the exten-
sion handle, they can be used where larger, more bulky probes cannot
reach. .

A. CONTENTS OF THE SET

The Probe Set includes three H-field probes and two E-field probes, a 20
cm extension handle, documentation and a convenient, foam-lined carry-
ing case (F ‘gure 1). The setis also available with an optional preamphﬁe{

The entire set is covered by a two-year warranty.

Figure 1. Both magnetic and electric field probes are required
for maximum diagnostic versatility.

B. DESCRIPTION OF THE MAGNETIC-FIELD PROBES

The Probe Set contains three H-field probes of varying size and sensitivity
(Figure 2). Each of the H-field loop probes contain a single turn, shorted
loop inside a balanced E-field shield. The loops are constructed by taking
a single piece of 50 ohm, sermni-rigid coax from the connector and turning
itinto a loop. When the end of the coax meets the shaft of the probe, both
the certer conductor and the shield are 380 degree soldered to the
shield at the shaft Figure 3). Thus a single, shorted turn is formed. A
nofch is then cut at the high point of the loop. This notch creates a bal-
anced E-field shigld of the coax shield.
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Figure 4. This stub probe and ball probe are sensitive only the
E-field. Because they have almost no current pickup capacity,
they are highiy insensitive to the H-field.

50 ohm termination and aitached tc a 3.6 cm diameter metal
ball. The ball serves as an E-field pick up. However, the
absence of a closed loop prevents current flow, allowing the
ball probe to reject the H-field. '

E-FIELD
SENSING
ELEMENT

RBESISTOR
PROVIDES
MATCHED TEEMINATION

Figure 5. E-field Ball Probe

2. The Stub Probe

The stub probe {Figure B6) is made of a single piece of 50
ohm, semi-rigid coaxial cable which has 6 mm of the center
conductor exposed at the tip. This short length of center con-
ductor serves as a monopole antenna to pick up E-field ema-
nations. As there is no loop siruciure ta carry current, the unlt
highly reiects the H-field

The stub probe is relatlve!y insensifive, due to is small sens-
ing element. This is actually an advantage when the precise
location of a radiating source must be determined. While
moving the stub probe aver the pins of an iC chip, variations
will be noted at spaces as close as 2 or 3 pins. This aliows foz
very precise location of the source,
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The graphs in the following sections present typical calibra-
tion results for these designs. Individual probe results may
vary from these values.

Allthe probes were calibrated in a TEM cell, which presented
the probes with a 377 ohm field. The H-Field probes only
respond to the H-Field. However, the equivalent E-Field
response is graphed. This may be done if the field is
assumed to be a plane wave with an impedance of 377
ohms. Thereason for graphing the factors thisway is to allow
for easy estimation of the strength of the far field. (This is
explainedfurtherinsectionV. C., “Pracedure for Diagno$ing
the Reason for Radiation.”) If the H-Field amplitude is
desired, 51.52 dB must be subtracted from the performance
factor found on the Graph (Figures 7-11). .

901- 6 cm Loop Probe

120

PERFORMANCE FACTOR {dB)

40 -

00 K 1M 10 M 100 M ta
FREQUENCY {Hz) ;

Figure 7. Performance Factor for the 901 6 cm Loop Probe
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904 - E-Field Bali Probe

120

100

80 |-

PERFORMANCE FACTOR {dB}

46

100 k 1M 10 M W00 M 1 G
FREQUENCY (Hz)

Figure 10, Performance Factor for the 904 Bail Probe

805 - E-Field Stub Probe

PERFORMANCE FACTOR (dB)

i
Lok fidd I S 1

20 L1 Wi H
0 M 00 M 10

FREQUENCY (Hz) :
Figure 11. Performance Factor for the 805 & - Field Siub Probe
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iV. SET-UP AND USE

The Probe Set was designed with ease of use in mind. First, the appro-
priate probe is chosen. Then a coaxial cable is connected between the
probe and the signal analyzing device; typically this is a spectrum ana-
lyzer or oscilloscope. If the extension handie is needed, it is placed
between the probe and the coaxial cable. Finally, the signal analyzing
device must be adjusted for the best presentation of the signal of interest
(Figure 13). That is all there is to . The probe is now ready to use.

OSCILIE()DR;COPE
SPECTRUM ANALYZER

S PROBE
Figure 13. Typical Probe Cenfiguration.

A. PROBE SELECTION

Your choice of the correct probe will be determined by five factors:
whether the signal is E or H, the strength of the signal, the freguency of
the signal, the physical size of the space where the probe must fit, and
how closely you want o define the location of the source.

The first question is: Is the signal primarily E or H-field? If it is E-field use
the ball or stub probe. it is H-field use one of the loop probes. If you do
not know try one of each, and use the cne which best picks up the signal,

Next you must select a probe which adequately receives your signal of
interest (Figure 14). The ball probe and the 6 cm loop are the most sensi-
tive E and H-field probes, respeclively. The stub probe and the 1 cmicop
are the least sensitive probes.

if your signal is above 790 MHz, there is a chance that some of the
probes may go into resonance. To avoid probe resonance the upper res-
onant frequencies are listed in the Probe Technical Data section; section
li. D.

10
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V. COMMON DIAGNOSTIC TECHNIQUES

A, OVERVIEW

The first lesson most engineers iearn about EMI is that getting accurate,
repeatable results requires a carefully established and calibrated test
setup, usually an open field test site or a shielded room. Final qualification
must be performed in the required test environmenit of a screen room or
an open field site. However, a great deal of preiiminary EMI festing can
be done with a sniffer probe and signal analyzing instrument (Figure 15).
The following sections of this manual explain how sniffer probes: can be
used in various phases of the engineering task.

Figure 15. An oscilloscope and diagnostic probe provide a
powerful tool in dealing with EMERF problems. This combina-
tion enhances the engineer's efficiancy by providing fast and
accurate diagnostic insight into an emanating circuit.

B. PROCEDURE FOR LOCATING RADIATING SOURCES

How do you locate the source of a signal in a piece of equipment? The
first step is to refate the emissions failure o signals used in the EUT being
fested. o do this an understanding of the nature of the time domain to
frequency domain fransform is necessary. The various specifications are
all given in the frequency domain, so many dBuV at a particular band-
width over a given frequency range (Figure 16). Howaver, most EUT
operalions are characlerized in the time domain; 150 ns memory: access
time, 300 V/ims slew rate, efc. This section presents a technique which wilk
aid in linking emissions with the signals which create them.

When you test your equipment, you may be told something like; "It fails
by 10 dB at 40 MHz and 3 dB at 120 MHz". The challenge is to find what
EUT function is creating these emissions. You may be able to simply con-
nect the probe to a spectrum analyzer and locate the source (Figure 17).

12
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To accomplish this, first set the spectrum analyzer for a 0 Hz frequency
span and tune to the signal of interest. This essentially changes the spec-
trum analyzer irto a tuned receiver and makes its display a frequency fi-
tered oscilloscope.

Take the video output off your spectrum analyzer and run it {¢ the scope
(Figure 18). You could use the spectrum analyzer display, but the oscillo-
scope will allow you much greater flexibility in adjusting the signal ampli-
tude and in triggering according to your purposes. Get a clear picture of
the signal produced on the oscilloscope. You now have on the oscillo-
scope a good representation of what you are looking for when vou start
“sniffing” with your probe.

A few scope photos of the demodulated trouble frequencies prepares
you to return to your lab. Now with a set of “sniffer” probes you begin 1o
look for simifar signals in your equipment. As you locate close matches o
the demodulated signals, you have strong clues to the source of these
signals. As you find the sources, you know on which subassembilies, cir-
cuits or even gates to work.

OSCILLOSCOPE
SPECTRUM ANALYZER
VIDEC
QUTPUT
FREQ. SPAN
oot 0 Hz
e
E-FIELD
STUR PROBE

Figure 18. A Simple Technique for Signal Demodulation. By
using the video output of a spectrum analyzer, an oscilloscope
may be used to capture a time domain representation of the
signal of interest,

There are several physical phenomenon which cause lowear frequency
signals to modulate and radiate as higher frequency signals. A working

14
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Typically, there are several possible sources for a given signal. To.identfy
the particular one in question, you begin by using your “sniffer” probes. A
very commaon procedure is 1o have a set of loop probes of varying size.
You begin with the largest, which is the most sensitive. Starting several
feet from the unit, you lock for the signal of interest. You search for its
maximum and begin approaching the unit along the line of maximum
emission. As you get close 10 the unit, you swilch to the next smaller
probe. This probe will be less sensitive but will allow you to differentiate
the signal source more narrowly. Often the initial probing locates where
the signal is escaping from the untt. This indicates the point of escape
from the unit housing. Once inside the unit, and inside of any shislding,
you are looking for the source itself, Finally, you will be using the smaliest
diameter probe in your set to define as precisely as possible the source of
your signal. At times you will switch at this point to an E-field “stub” probe,
This is a very smali and insensitive E-field probe which can be used to get
very close to the signal source. Use the probe which aliows you to best
identify the signal source. Finding both the point of escape from the unit
and its actual source is important. Having both bits of information gives
you a choice in engineering the scluticn. You may decide fo improve the
unit's shielding or you may decide to suppress the source ftgelf. The more
solution alternatives you identify along the way the greater will be your
chance of identifying one which meets all the requirements of schedule,
cost and performance under which you will be working.

Ancther procedure which is sometimes used is to use electro-magnelic
probes in conjunction with reqular scope probes. As you close in, you
may want to hook up a reguiar scope probe and switch back and forth to
help refine the actual offending components as finely as possible. Using
this combination you can define a radiating source down to a specific sig-
nal line. Al times you will want to disable portions of a circuit to make a
final determination of where the source is. For example, you may disable
a line driver in order 10 see if the radiation is coming from the base unit or
from some VO cable. This kind of identification can be tricky up close.
Normally, when disabling parts of a circuit, you will want to use a more
sensitive probe and take your readings several meters from the unit. I is
easy to be mislead by strong, non-propagating, reactive fields. Also be
careful 1o clear the scope probe out of the unit when making radiated
readings. An attached scope probe can easily radiate and mask the real
problemn in its own emissions. By the time you are through, you will have
a very good idea of exactly from where inside your unit the offending sig-
nal is emanating.

In summary the basic logic of locating the source of a given signal is very
straightforward. First, you get a time domain representation of the signal
on your oscilloscope, This step is best performed at the EMC/EMI test site
because you will wart to be sure that you are identifying the signal which
is, in Tact, radiating into the far-field, and you will need the use of a spec-
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di/dt

(N) Z | dv/dt

dv _ di
dt 2 at

di dv
) >
If z is very low then dt dt

di dv
. e T
If z is very large then dt dt

Figure 19. All Electromagnetic Radiation is caused by either a
change in the current or a change in the voltage. A radiating
circuit's source impedance determines whether magnetic or
electric flux will dominate in the near-field.

to conductors external to the unit or to fortuitous conductors within the
unit.

From the local perspective of the unit, this is a commaon mode situation
(Figure 20). In other words, EMC/EMI problems may be classified princi-
pally as current-related or voltage-related. Current-related problems nor-
mally will be associated with differential mode situations. Likewise,
voltage problems normally will be associated with common mode circuit
situations. Too often solutions are attempted before the radiating parame-
ter 1s understood. Unfortunately, solutions effective for differential mode
are setdom effective against a common mode problem. Hence; knowl-
edge of the field impedance is essential if many fruitless attempts are to
be avoided.

Before proceeding to the measurement procedure, a brief review of the
physics of the situation is required. In the far-field, that is maore than about
cne wavelength from the source, the ratio of the E and H-field compo-
nents of the propagating wave rescive themselves to the free space
impedance of 377 ohms. In the far-fisld the £ and H-field vectors will
always have a ratio of 377 ohms. In the nearfield that ratio radically
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Low-impedance sources also will give a much higher reading, in the
near-field, on an H-field probe than on an E-field probe. Alternately, high-
impedance sources will display a rapid fal-off when observed through an
E-field probe.

There are two ways of determining the nature of the source impedance.
The first is to map the rate of fall-off of the E and H-fields. CGne: of these
vectors will fall off more rapidly than the other. The second method is to
measure both vectors at the same point and by their ratio determine the
field impedance. The equation E/H =7 is calculated and compared to the
free space impedance of 377 chms. Values higher than 377 ohms wil
indicate a predominance of the electric field. Lower values will indicate
that the magnetic field component is predominating. From this you can
plan your approach to the problern by tailoring it to a differential mode sit-
uation or & common mode situation.

Field theory leads us to expect a 1/R fali-off for a plane wave, where R is
the distance from the source. In the near-field, the nonpropagating, reac-
tive field will drop off at muttiple powers of the inverse of the distance,
1/R", Typically, the reactive field will fall off at something approaching
1/R%. Hence, we would predict these measurements relative t¢ measuire-
ments at distance equal to one.

DISTANCE
AtoB=15 20 30

PROPAGATING FIELD
R -352d8 -6.02dB -954dB

REACTIVE-FIELD
1/ -10.57 dB —18.06 dB -28.63 dB

The way to perform these measurements is very straightforward. After
the scurce is identified, two or three angles of approach are measured. A
typical situation would record 2 points at .5 and 1.5 meters from the
source along 2 radials from the source. The signal is measured at each
point with a probe which is highly selectve of the H-field and another
probe which is highly selective of the E-field (Figure 21). The rate of fall-off
is noted for each probe and the relative amplitude between the probes is
noted. In deciding what the relative amplitude is, the conversion factor of
each probe must be taken into account (Figure 22).

Generally, differential mode data is well behaved. The amplitude mea-
sured with the H-field probe will be significantly higher than that mea-
sured with the E-field probe. Also the H-field will drop off at a much faster
rate than the E-field rate. Common mode measurements ofterr are less
well behaved. Often the best indicator is the relative amplitude. The E-
field probe will have a much higher reading than the H-field probe. The
drop-off rate will be faster when measured with the E-field probe” How-
ever, experience shows that the E-field, being a high-potential field, is
much more susceptible to perturbation. Often the reading will be-very
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The other possibilty is that the problem is predominately electrical or k-
field, In this case the field impedance is relatively high. A high field impe-
dance means there is a potential buitd-up across some impedance, and
this high potential region is the radiating source.

Knowing that a problem is differential mode indicates that it will respond
to remedies such as:

- reducing circuit loop area.

- reducing signa! voltage swing.

- shielding of the entire radiating loop. (But it will not respond
well to partlal shielding of the radiating loop. Partial shielding
typically occurs when the path of the return current is
mapped incorrectly and so not included inside the shield).

- fitering the radiating signal line.

However, nolice the perplexing results which arise when differential
mode sclutions are applied to a common mode problem.

A. Filters do rot werk because the filter ground is Boating
with respect to the potental which you wani to 8lter out,

- FILTER
. taeed

—

C. Twisted pairs do not work bocause the romn! icon area is
i hanged

only marging

Figure 23, Why some traditional differential mode techniques
do not work in commen mode situtations.

Many of the techniques uselul in the differential mode context will prove
totally ineffective (Figure 23). For example:

- Reducing circuit foop area. The radiating signal is on the sig-
nal and supposed return path, so this will be neffective.
Using twisted pair wires or even coax will vield litle in the
way of signal reduction.
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A. Increasing the amount of decoupling between power
and ground is ineffective because the radiating signal is
on the signal lines.

Ver Yoo

S

|
™ <= L7

B, Reducing ground inductance by shortening ground
leads and making them shorter does not help as this isnot
E the problem.

i Lase 4@

C. Relocating cable shieid ground peints is ineffective if the
cable shield iself ig insufficient.

Favive
IRTATATA \/‘!VY

WYY XY WT

Figure 24. Why some traditionat common mode techniques do
not work in differential mode situations.

Any of these solutions may work. The most economical solution may be a
hybrid of two of the above options applied in conjunction. Obviously each
of the above options could be implemented in a number of ways. The
physical mechanization of a particular approach will have a tremendous
bearing on its effecliveness. The role of pre-screening is to provide a rela-
tively quick way to sort through a matrix of possible implementations and
solutions.

in evaluating various solutions we have tc exercise great skill and aware-
ness. ILis in this area that the far-fieldinear-field effects can be the most
misleading. The E and H-field vectors are initially defermined by the
source impedance. As we move away from the source, these vectors
increasingly balance until the radiating field is isolated as a plane wave
with a characteristic impedance of 377 ohms.

In the near-field the field strength can contain, in addition to the raciating
field, a significant non-radiating reactive compoenent. This reactive com-
ponent does not propagate far. The radiating flield will fall off proportion-

24



Se

uoinios ‘swegoid wesq mouBlU yim AfeinedsT Cwesq aur 108Upel
Auc Aels uoinios Uaal e Tey) puild ul idey ag pinous sAempe || esiou
LuSISAS alg ol [rubis 8L 850 Arll SIUING JUSLLURINSESLL JUBISID 2JoW oy |

UONONPSL 841 JO JUSLUBINSRALL BAlRIIIEND MOIR It
yalym auo Aluo sy eq Aewl uiod SiLg ‘uoionpal opeLIeIp B saaill uognjos
uaaID B J "82In0s au) 0} 98010 8Inb SjuIod 0M] JO BUC 8S00YD ‘OS|y ABME
SJ8leLU IN0L 0] QU0 JUBISID JEUMAIOS 8 PINOLS SIUIOG 841 JO 1SOLLE ‘e M
S)iNsa4 plel-ser eul Teum O Bap] awos 185 0} st 108lg0 8L S0UIS IBgUINU
eaidAl B ag pinom suiod xis 0] om) ((dmes uoeneas Xy eoidAl e smoys
oz ainfiiy) spied jo 198 B @300y 01 81 amnpaooid yoee ur deis 181 oYy

"suoAnios ubisep aeu
-1y Buneneas ut sjnsal poob peiA AuuLiou yoiym seyosoldde om) ale
suBy| "peonpal ueaq osfe sey py Bureipel ayl jel) ueald 0S[e fim el
Bugeipes-uoU &y Jo Uojonpal B Alfessuer) "pry aq ued Buigold pley-ieeu
W0l leuag [eel awos ‘pejoadxe jou sl diysuonee! Jesul B se Buol sy
e se Suipes) ppi-e: aUl O uogenualie LB Olul SlE|SURL IIM pel-ieau
s u UiBuadis pigll Byl [0 uoienuaie ue ‘Ajrelllou usas sdeulad ‘Uaun
AJRIO] POUIBLY B SlBULIE JOU SO0p UQISIDBIC ROIULDB] YeASMOI

sOuipea) pRl-lesU JO AYpieA [BOA[BUE 8] JO UoDIdSNS
ALRaY B 2ABY ‘UORRLWILNG U] "Buunsesiu si )i pley a4y jeyr 0s pue pey
panBDal eyl emIpel-al [Im es) eqold sy (gz anbBiy) Buyaes pempInosse
SN Yum 8gold 8yl pue palnsesil Bulg INdID el Usamiaq aoueionpul
pue aoueiDRdED g M aldy] pegold Buleg ¥nou0 ey S04 agoud
alg jo eouasald ayl U st sBupes) pey-esu SIBYE UJIYM I010R] JoU10oUy

B
-DBESS DISI-I8] BUL U0 1088 8l ABAIEBI MOUS ABL PiBl saloes) ‘Buleipel
-Uou sy Buenuspe Ag yiBusis pay seonpas yoium ubisep v AIIDIA
alg Ui SIS 180 pue Jun 8wy jo sied jo Yo uonosyas s ypm Buuiquios
anem 1004Ip e AQ HUN U] Jesu DaYSIgEISe Uejo S| wieped uonosyal v

iun ey Jeau dn 1es wened
BoUBBLBILL BU AQ pelBaID S| JO 8snenaq painadxe uey) Jemo; og Ael
I AEIRUISYY DBl BARDES) BU] JO 8ouesald Byl 0] aNp BlEp pIRI-Iel WoY
suonejcdeixe U0 peseq pawedxe uey Jeubly wess usyc m sbuipeal
peu-reaN Buipes) ppi-iel oy 10 uogeodesxs Ue U0 paseq pajnadxe aq
DINOM UBL USIBYD AljeoiBlLRID 8 USYo (im Buipess pley-Jeau aut 1814

PeAISSA0 3 PINCUS sluod
om] /L Bulyoeordde siel B B O (B M DS SAl0BSE oyl AjedidA |

/1 f90iN08 8Ll WOl eouRIsp ay) Jo stemod aidhinu 1o eooidoal
oy yIM sfeuoIodoid YO B} M UBUodLIOD 8ANDRBI BU] ‘IBABMOH W/}
B0IN0S B} WO S0UBISID oU) 10 Jemod 181 ey jo [eooidioas eyl yim Al



Y

WHEN Zo is LARGE AND Csrray IS SMALL
Coreraron, Crrope, Ceame CAN BE VERY
SIGNIFICANT.

Figure 25. A probe becomes part of the cireuit during near-field
measurements. Stray capacitance to the probe, its cabling and
the operator are particular problems with high-impedance
sources. Furthermore, reradiation from the probe can alter the
field distribution substantially.

Figure 26. Using near-fisld measurements makes rapid evalu-
ation of various fixes relatively simple. Although analytically
imprecise, this technique offers fremendous qualitative insight
in sorting through alternate implementations.

attempts frequently only shift the beam so that it radiates in a different
direction {Figure 27). In choosing the test poinis, this possibiity of shifting

the signal should be guarded against.

After the measurement points are chosen, the unit is baselined. Each
peint is measured with both an E-field and an H-field probe. Then each
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Based upon quick pre-screening in the lab, pernaps three solutions may
be selected from a matrix of possibilities. These three might show near-
field reductions of 3 1o 10 dB. Then these three are taken to the test range
and tried in order of their appeal.

You might try the least expensive sclution first or the solution with the
greatest potential for success, depending on your project priorities. The
benefit is that in the convenience and efficiency of your ab, you quickly
sort through various ideas and go fo the test range with some pre-
screening having been done. In effect this process forces you o formu-
late a test plan with several fall back positons. Just the process of
formulating a test plan makes the pre-screening effort worthwhile
pecause of the efficiency it brings to the range testing.

Prescreening provides empirical evidence that a noise reduction tech-
nique has been correctly applied. This kind of probing tells you when you
have properly analyzed the problem and carried you understanding to
the point of designing an effective solution. Preview testing helps reduce
the time it takes 1o close the gap between good analysis and having a
technically sufficient solution. It is an intermediate step between the think-
ing at the desk and the final qualification test.

A final benefit is the value prescreening adds to the inevitable failures. Toc
often failures are walked away from with valuable information left behind.
An attempt to reduce an emission fails for one of four reasons:

1. The diagnosis was wrong.

2. The technigue used was inappropriate to the diagnosis.

3. The technigue was improperly appiicd.

4. There is some outside factor involved, such as a second
source radiating at the same frequency.

The exercise of trying to determine why a solution appeared o work in
the lab but failed in the final test is well worth the effort. As an example a
solution which worked in the lab and on the range before 10 AM, failed
later in the day. Analysis revealed that the rise in temperature was effect-
ing the values of decoupling capacitors, making them less effective at
higher temperatures.

The key to effectively using the probes is to keep your purposes clearly in
mind. The purposes of using near-field probes and an oscilloscope are:

1. To gain information about the source and location of the
radiating member which was previously unavailabie fo you.

2. To reduce test expense by adding relatively inexpensive
equipment into your store of resources availabie for solv-
ing EMC/EMI problems.

3. To reduce test time by quickly pre-screening various solu-
tions and alternate implementations of the same solution.

When constrained to its proper niche, the near-field probe is an essential
tool for quick, efficient EMC/EM! engineering.

28



62

‘uonewelo Aleneq gz enbi4

arl dNY-T38d

‘SeUeNRY mau 3 aBBUO pUB JBAOD OB 8U: aorldey (ge ainbii) Jeud
-weaid sy episaq ey Buid] siym peSI &g 01 JUBSW aJe SIoRaIpUl Aluod
BSBU| IBA0D HOR( BU) JO SRISUL BU] UC SUCHONNSU Aleiod 8ij] MOio) 0}
aleo 8y wey aorida) pUB SBUSTRYG PO B4 SAOWSY ‘SeUsRB 90N
[eulslul + 2yl 8sodxa i sy seygduesid syl j6 1SAGS 3OBG 8] SA0LLSY
SOUBIEG PROI §O-N DCIA &1 MBU ¢ DUB IBALDAMSGIOS peay sdijiiud
[eUWS B UBIQ0 1S4 "SUORDNISU 8Sat) MO0 Sauaney peo-u suy abueyo
0] Jepio Uy Wawese|dal oipouad 24inbal v SBUslBRg PeD-U [BUISIU &Y ]

SAHIALIYY ONIDONVYHO ‘g

Jabieyo Asereg oyl yo seydweald auy uni o] siqissoduwl $; Y UoS
-B8) 5L 104 UN2A0 Isidue eyt Wwiol patoaulcosp pue tiod 1ebieus aig
0] PaoauUUCD ale sauepeq ey uoksod 40, a4l u| ‘Lod wbileyd Aspes
SUL LWIOJ; PBISBULICOSID DUE IN0EO sayiduIe SU) 0] PSIDBUUCD B1E SOLSHE]
au) uolisod NO, 84 Ul Teul 0S pe1osuuod st jpued U0l 8U} UO UOIMS aL|

"Bji Aaneg peonpat U Ynsas Aeu souseq pabileyo AR
-ied jo Buietoss peradey Bubleyoss) alopqg efieyosip Ajng 0] soL0)
e BUr MOKE SAEMWE Byl 1300U0| 10} 'SBUSIRY PEO-U [0 &unjeU ay) 0} and)

"SINCY ZL 01 0L WOy sxjel fiw sfiieyd
gng y ouonsod -0, eul Ul sl Jeydueeld 8w uo UDIMsS Bu3 Ul ains
ey Jedweald syl 10 Ucl; oy uo el Buibreyd syl 01 1 JOBUUOD UL
pue ‘jepow Uo Bupuadap 18INc jBM OVA 02 10 S B Ol papinosd
JaBieuo Aseneq ayl Bnid Adwis ‘seusyeq euselul ey sbieyd O JopIo y)

S3HILIVE ONIDHVYHO v

SONYNILNIVIN 'IA



Vil. PROBE SET PARTS LIST

-6 cm Magnetic-Field Loop Probe

-3 cm Magnetic-Field Loop Probe

-1 om Magnetic-Field Loop Probe
-3.6 cm Electric-Field Ball Probe

-6 mm (Tip) Electric-Feld Stub Probe
-20 cm Extension Handle

-CC -Custom Carrying Case

NG AW -

OPTIONAL ITEMS

-Broadband Preamplifier
-Battery Charger for Preamplifier (included with Preampl-
fier).

o
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