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The most general uniform linear transmission line has four primary
descriptive constants:

1. The loop resistance per unit length, R.
2. The loop inductance per unit length, L.

3. The shunt conductance per unit length, G.
4, The shunt capacitance per unit length, C.

. 7]
If there is a voltage e between conductors and it is changing at a rate-Ff—-

there will be a shunt current dig in a length dx given by dig = (Ge + C..gft..] dx.

This current is robbed from the current entering the element dx. Hence for the
current, i, in the line we have

..gi;= -_B;ii = -[Ge-l»C%f—] (1)

Similarly, the current i in the line, changing at a rate %1_ causes a series voltage
deg in the length dx given by t
des = (Ri + L 91 ) dx,
- Bt
The voltage at the output of dx is the input voltage to dx less this series voltage.
Thus for the voltage, e, between conductors we have

de _ deg = : ai

= = - = = (Ri + Li—go- ) (2)
By differentiating (1) and (2) and substituting we find:

EEE BEE de

s = LC == + (RC + LG) = + RGe (3)

8% _1c2% | rc+re) & +RGi (4)

axe ate at

Equations (3) and (4) are one dimensional wave equations the direct general
solution of which is difficult. However, two cases admit simple solutions:

a) The 'distortionless' case, where % = %

b) The "harmonic' case, where the excitation is sinusoidal.
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The harmonic solution then permits complete specific solutions since the spectrum
of the wave can be found at any point on the line if the input spectrum is known,
and the spectrum defines the time function. However, let us first consider the
""distortionless' case (a).

a)

b)

(3) and (4) are of the same form, so let's just talk about (3). The
general solution of (3) under the condition _RI:. = & is:
-M’x p-{x
e = Ae f(x-vt) + Be f(x+vt) (5)

where &< = JRG, T D , and A and B are arbitrary. This solution
'Ii!LC
can be verified by substitution,

What does (5) say? The first term represents a wave traveling to the
right (x increasing) at a velocity v and dying out at a rate determined
by o<, but without changes in shape. Similarly, the second term repre-
sents a wave traveling to the left (x decreasing) at a velocity v, and
also dying out at a rate determined by ©<, and also without change of

shaEe. Hence the name "'distortionless' for this case. O5ince the

wave shape doesn't change, the spectrum amplitude merely decreases
with distance equally for all frequencies; i.e., the line attenuation is
independent of frequency, the phase shift linear.

Associated with each of these voltage waves is a current wave of the
same shape, i.e.:

-y o<
i= Ce f(x-vt) + De f(x+vt). (6)

Substitution in (1) and (2) will reveal that

8- 3-8 (- 18) "

Thus, for the distortionless line the ratio of instantaneo ltage to
instantaneous current for any wave is a resistance gz, =' .

ol

Things aren't too different in the harmonic case.

; Wt s0 that
i = 1 el¥t) di = (5ol
a J
And get
g = (R4jel) I (8)
£ = (G+juC) E (9)
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a’E  _ 2
= ¥ [ELG + jw (RC + LG) - LG}E (10)
dx
d?1 2
—_— = [RG+jw{RC+LG] - W LC] I (11)
dx2
We then find as the solutions:
-y x v x
E=Ae + Be (12)
L age Y 4 P’ (13)

Where

y2= [RG+jw{RC ¥ LGy = 21..::]
= (R + juL) (G + juC).

That is

Y= YR+ joL) (G + juC) (14)
=<+ jp
y is called the propagation constant. It tells what happens to the amplitude

and phase of a sinusoid as it propagates down the line. It consists of two
parts: o , the attenuation constant (nepers/ unit length)

B, the phase constant (radians/unit length).

Thus:

e Y& o gSx-jpx _  -Xx X e -iPx

Attenuation Phase shift
with distance with distance.

In general, n(andf a.:lg very complicated expressions of R, L, C, G - ;
but for the case C = ok we have

a<=¥rﬁ5, ﬁ=mm7

while for the '"low loss' case: R<< wL, G<<wC, we have

R
< & %[R,/%—+ Gf%] = 3 (Z:. + GE,:,).

(15)
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Substitution of (12) and (13) in (8) and (9) shows that

B B+ jwLlL
%=-ﬁ=\l£%=zc (16)

Z_is the characteristic impedance of the line. For the distortionless case %=%,

2- =L =R = g
CJEEQ

For the "low loss'" case (R<<wL, G<<wC), we have

ZC::E [1 + j%(ﬁ - EWE)]ZJ% = Zo (17)

If the transmission line extends from x=o0 to x= 6g and the excitation is by a
generator at x=o0, the solution will consist of only the first term in (5) and (6)
or in (12) and (13). With no loss the voltage conditions in the harmonic case are
as shown below.

we have

The solid line shows the wave now (t = o).

The dotted line shows the wave later (t = to).

The voltage at x = o is the generator voltage.

The voltage now (solid) at x = a is the generator voltage at the earlier time t = - t.

The voltage Tater (dotted) at x = a is the generator voltage now. As we move from
x = 0 to x = a the voltage we see is exactly as if we had stayed at x = o0 and
the generator had dropped back in phase by an angle - 8. If we move a
distance )p -8 = 2w, Hence

~9=2T x = 2, - 0
TS v
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Butv=_l ,s0-0=0yIC x = Bx

JLC
If we look at any point on the infinite lossless line we will see the generator volt-
age delayed by an angle - 0 = px. That is

E= E(0) e° = E(0) e P%

When the line is lossy a similar picture is obtained. The difference is that as

we advance down the line the voltage is the generator voltage delayed by angle
-8, and decreased in amplitude by a factor e‘-"(x. That is

ot - o
E(x) = E(0) e™™* e-ifx = E(0) e ",
As a result we can represent the voltage (or current) for a wave traveling to the

right as a vector which rotates clockwise uniformly and decreases exponentially
in length with increasing x. The locus of the tip of this vector is a logarithmic

spiral p(]
E = E(0) \( Ry
1 RG

where 8 is measured counterclockwise. The ratio %{ﬁ? 1C 18 a measure

of the lossiness of the line. For pé—‘ << 1. The locus is nearly circular and the

loss per wavelength is small.

Similarly a wave traveling to the left can be represented as a vector which rotates
clockwise and decreases exponentially with decreasing x.

Thus consider two voltages which happen to be in phase at x = x5, as shown in
the center figure below. If one voltage Ep is from a wave propagating to the
right, the other Ej, from a wave propagating to the left, then at x <x, the picture
will be as shown in the left figure. For x>x_, the picture will be as shown in the
right figure. A\ \

'\-._______'__..--"..‘ X{xG e __,_..--""' X’Xa
00482-1
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Termination, Reflection, Standing Waves

Consider any two points a-a' on the conductors of an infinite line.

a
o o ——
at To oDy —
o o -

To a wave incident on these points from the left, the line to the right merely looks
like an impedance Z, connecting a and a'., If we chop the line off at a-a' and con-
nect an impedance £g across a-a' then so far as the line to the left is concerned,
Z, just looks like more line. Waves coming from the left will be totally absorbed
by the connected impedance. We say such a line is '"terminated in a matching
impedance', or "matched', or simply ""terminated'. Regardless of length, such
a line looks infinite to the generator which sees the impedance Z,.

If we now terminate the line in an impedance Zp,, different from £, , a reflected
wave is produced., To see how this happens first consider the relative polarities
of the incident and reflected voltages and currents. If the voltage on a conductor
is positive and the current in it at the same instant is to the right, the wave is
traveling to the right. If either E or I is of opposite sign, the wave is to the left.
Hence the following polarities and senses are consistent for our case:

E; (4) Er (+)
- o
Li (— I, (<
i (—») r ()
1 f
Incident wave Reflected wave ZL
o

«+— Distance, Z—'—]
(=]

For convenience, let us measure distance from the load. Then at the load we
have

E;, = E(0) = E;(0)+E_(0)
I, = I{0) = IL(0) - 1.(0)
But 2 = 5L white ®i = Br = 2. Hence
7 I I
- E_(0)
” E{0)+EL(0) _ E;(0)
R TR ) ° | Lo
T,(0)
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4 14 =40)
L ! )
-i-_ — El ﬂ U-'B}
o 1.(0)
1;(0)
If we nowlet p = E-0 . Ir{ﬂ} we have
E(0 L0
&1, 1+
p
L, " T-p {19
Or, turning things around
! T
Z = 4
o L o
p = Z = _+i_ {21}}
— +1 57 o
‘s

p is called the reflection coefficient, It is the (complex) ratio of the amplitude of
the reflected wave to the amplitude of the incident wave. We shall represent its

magnitude by r. This is p = rel®,

The voltage at the load is
241,

Ep, = (+p) Ei0) = E;(0)
i Z + i
The current at the load is
2L 2E:(0)

It. = (1-p) L{0) = —a L (0) = 3 .

L L L+ 2, ; (0) v I,
The ratio of reflected power to incident power is given by

s 2 _ 2

B, = ¢ | ® X

The return loss is this ratio expressed in db, Thus

Return Loss = =10 log Fr
P

= -20 log r.

00482-1
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The remainder of the power is absorbed by the load so we have

P,

Py

= l1-r

The reflection loss is the ratio expressed in db. Thus

Reflection Loss = 10 log (1-r%) 2= 4. 34312 for r << 1.

If there is reflection at the receiving end of the line, the reflected wave amplitude
(current or voltage) will add vectorially to the incident wave amplitude. If there

is no loss, the incident and reflected vectors merely rotate in opposite directions
as we move along the line. At a point where Ej and E,. are in phase the total voltage
will have the magnitude (1 + r) E;. As we move toward the generator a distance

Az from this point E; will advance in phase an amount PAz while Ep will retard
the same amount. The total angle between them is thus 2fAz. When

Zﬂdz: m™

Az :i = T‘v -v = }\
5 % W T T

The two vectors will be opposed and the total voltage will have the magnitude

(1 - r)E;. The action repeats cyclically, maxima and minima occurring alternately
every quarter wavelength., The ratio of maximum to minimum is called the standing
wave ratio. Ewvidently:

l1+r (21)
l-r

SWR =

By comparing (19) and (21) we see that a resistance termination produc:%]s a standing
wave ratio which is its normalized value or the reciprocal. Thus a 50" line ter-
minated in a resistance of 100% (or 25%) will have a 2 to 1 SWR,

Equation (21) may be inverted to give
e SWR -1 (22)
SWR +1

Standing wave measurements thus indicate (1) the frequency and (2) the degree of
match at the load.

Input Impedance of Mis-terminated Lines

The impedance looking into a line of length ! terminated in Z; may be written
merely by adapting equation (18) to the point z = £, rather than z = 0.

00482-1
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E.(1)
Thus 1+
s E;(f)
Zo ; Ir(2)
I; (£)
Now
Er{-!} - Irt-!] " Erlﬂ] _ETI P E-ZY!
E;(2) I (1) E; (0)
So
Z . 14 pe-2vt (23)
Zo B pe-z'\rl
Now substitute rej‘t’ for p andlet 8 = ¢ - 2pL and we find
-20 ;8
& o 1l4re e (24)
o l-r E-Z‘Dﬂ el®
For lossless linese= 0 and (24) becomes
Z s R + b4 _ 1+rejﬁ (25)
_z::l z’ﬂ‘ zﬂ - ] = I'BJH
Equation (25) is the equation of the Smith Chart. The equation is of the
form
) 1+ =
W I

is known as a bilinear transformation and is characterized by the fact that
lines of constant u or constant v plot as circles in the z-plane. Since in
our case r = 'zlg 1, the entire plot lies within the unit circle r = 1.

wherew =u+ jv, andZ = x + jy are complex numbers. Such an equation

The Smith Chart

We see from equation (25) that the Smith Chart is essentially a plot of normalized
resistance and reactance as a function of magnitude and phase of reflection co-

efficient. In fact:

1. Distance from the center of the chart is proportional to magnitude of
reflection coefficient, r.

00482-1
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2. Angles about the center of the chart (read on the peripheral angle
scale) are the angle of the reflection coefficient ¢, if the plane is
that of the load (z= 0); or the effective angle, 8, if the plane is
z=1.

3. The lines of constant normalized resistance| ®_)and reactance [ _X_
Z, Zo

form a set of curvilinear coordinates from which the impedance

corresponding to any magnitude and phase of reflection coefficient

may be read; or vice versa,

Now the convenient thing about the Smith Chart is this: In a lossless line, as
we see from eq. (25), the input impedance change with line length is equivalent
to a change in the phase of the reflection coefficient only. Hence as we change
line length the inpu.! impedance will describe a circufar path about the center of
the 5rn1ti1 Chart, Since

A8 = 2BAL = 22 A1 . 4n A
* N

changing £ by takes us completely around the circle. For convenience, a

second angle scale calibrated in terms of fractions of a wavelength is provided
around the periphery. With a Smith Chart you don't need tables of hyperbolic
functions to compute transmission line problems; all you need is a ruler and
compass. (In fact, you usually don't need the compass.) This sounds easy
enough, let's try an example.

Example 1: A 50% line is terminated in a resistance of 30% in series with
a capacitive reactance of 409,

a) What is the reflection coefficient?

b) What is the SWR?

c) What is the input impedance if £ = 0.1\?

d) What lengths of line make the input impedance resistive and what is
the resistance ?

Solutiong 305; 20 0.6 - j0.8 so we enter the chart at % 0.6,

o
X - 0.8, marking point A.
z‘ﬂ

a) The distance of point to the center is 0.5, Radial line through A to
angle scale shows ¢ = -9(]0. Thus p = 0.5 -90°

b) Draw the circle of constant r = 0.5 through point A. This circle inter-

sects the ] = 0 line on the —— > 1 side at Zi = 3 (Point B). This
o O (o]
is the SWR. (This is the-le which would produce the same r as the
o
R R
actual load, and for — >1,— = SWR).
z"l:l ZO

00482-2
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c) Radius through A intersects wavelength scale ('toward generator"
scale) at 0. 3?5). (This is just an arbitrary starting point. On fancy
Smith charts, wavelength scale can be rotated to put index here.)
Proceed 0.1 \toward generator - you're going away from load, aren't
you? -- to 0,475. Draw radius., Intersects circle (Point C) at
0.336 - j 0,144 or 16.8 -j 7.2 ohms.

d) Impedance will be real at Points D and B, Takes 0.5 ).. - 0.375 }\ = -%—

to get to D from A. Another % to get to B, Resistance at D is

50x 0.333 ... - 16.67 ohms. Resistance at B is 50 x 3 = 150%,

Referring to equation (25) we see that changing 6 by 7 inverts the expression.
Thus points diametrically opposite each other on the Smith Chart are inverses

2, Z
; ; _ 9 & 2n-1))\),. :
trates the impedance inverting property of a quarter wave (o line, since

it takes a quarter wavelength to go halfway around the chart. Further, since

of each other with respect to 2, i.e. Z1 . %2 o 214, = Zﬂz. This illus-
b o

2y _ X
z g =

the point diametrically opposite a given normalized impedance point is the nor-
malized admittance representation. Thus the Smith Chart can be used equally
well on an impedance or admittance basis. In the latter case one merely uses

the R_ scale as G and the _}.:_ scale as E .

Zo Y, Z, &

The voltage maxima along a line occur at the point where Zo is greatest, i.e.,

where p is real and positive; the minima where E'?L is least, i.e., where p is
(5]
real and negative. Thus the maxima are where the r-circle intersects the Zo 2 0

R R
line where —— > 1 and the minima at the intersection where 7 < 1.
Zo o

A standing wave measurement suffices to determine the magnitnde of the reflection
coefficient, r, of an unknown load, To complete the picture the phase (referred to
some reference plane) must also be found. This can be done by measuring the
position of the minima of the SW pattern with the unknown, relative to their posi-
tions with a load having known reflection phase, and is usually carried out as
follows:

1. Locate a voltage minimum with the actual load. (Any minimum near
the middle of the slotted section will do.)

00482-1



Waves on Transmission Lines
Page 12

2, Replace the load with short circuit,

3. Locate a nearby new null and express in wavelengths the distance you
moved (toward generator or toward load) from the old minimum, Draw
this radial line on the Smith Chart, using the wavelength scales (with

their zeros opposite = 0).
<o

4. Draw the circle representing the measured SWR and read the impedance
where it intersects the radial line.

The impedance so obtained is referred to the plane of the short. The
reason the method works may be seen from the drawing below.

Pattern with Pattern with Plane of Load
Short

T ——— — 4 —a]

Input Impedance = Load Impedance at Points Marked "L",

Since the input impedance of the line is equal to the load impedance for a line

any number of half wavelengths long, and since these half wavelength multiples
occur at the nulls with a short, the input impedance will equal the load impedance
either a distance d) toward the generator or a distance d; toward the load from

the observed minimum. Now the input impedance at the observed minimum occurs

on the %{; = 0 line for %... < 1 on the chart. This happens to be the zero axis
&)

for the wavelength scale (as printed) so all we do is go toward the generator a
distance dj on our r-circle or toward the load a distance dy. Since dj +d; = é

we will end up at the same point on the chart.

Additional radial scales are often provided on the Smith Chart. Some of these and
their uses are listed below:

l. Voltage or Current Limits

00482-2
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(Max, and Min.) These are scales of \(SWR and : respectively,
F
SWR

They are used to find the maximum and minimum voltages or currents
on a line when the line impedance and load power are known, using
the relations:

PISWR)/ Zo

]
1]

E ax = \JPZD (SWR) § S

\,!Pzﬂf (SWR) Yo \[P.-" Z, (SWR)

2. antage or Current Ratios -

E

min

MaxX. ,nd db) These are scales of SWR and 20 log SWR.
Min.

3. Reflection Loss (db) -

This is a scale of -10 log (1 - rz])i.e,t.he load mismatch loss in db.

4, 5,W. Loss Coefficient -
2

This is a scale of -;’—% which is the factor by which the actual power

dissipation in the line is increased by the SWR.

5. "l1db Steps" (or 1/2 Return Loss) -

This is a scale which can be used to compute or to take account of line
loss as explained below. I each step is taken as 2 db, starting with
the outside mark as 0 db, the scale becomes a scale of return loss
(-10 log %),

Use of Smith Chart with Lossy Lines

So far our discussion of the Smith Chart has assumed a lossless line. The locus
of input impedance as line length varies is then a circle, as we have seen.

Referring to equation (24) we see that if X# 0 then the effective reflection coef-
ficient not only changes in angle (8) but also decreases exponentially in magnitude
as we progress toward the generator. The Smith Chart can still be used to con-
vert between input and load impedances, but the loci along which impedances move
with £ are now logarithmic spirals, not circles. However, if the attenuation per
wavelength is known the process is not difficult.

00482-1
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The losses are most simply taken into account with the aid of an additional radial
scale marked off in 1 db steps, the use of which is best illustrated by example,
Suppose the line in Example 1 had a loss of 5 db per wavelength. Then the answer
to part (c) would be obtained as follows.

l.  We would first pretend the line had no loss and obtain point C, as before.

2. Since we have moved away from the load, the effect of line loss will
be to make the input impedance nearer the characteristic impedance
than would be the case without loss. The total intervening attenuation
has been 0.1 wavelength x 5 db per wavelength or 0.5 db. Accordingly,
we move inward radially from point C by 0.5 db on the 1 db steps
scale to obtain point E. This point is the normalized input impedance
with the lossy line.

Since the 1 db steps are farthest apart for r 1, we see that corrections for loss
will have the greatest effect on impedances when the SWR is high.

The attenuation of a lossy line can be determined by a measurement of SWR of
shorted length of line. Since the reflection coefficient of the load is unity, the
reflection coefficient at z = £ willbe r = e “2*, Hence we have

ofd - - e 38 Inr = l m SWR + 1 (nepers)
2 2 SWR -1
= 4,343 1 = 31 LS db
= - 4, og T = 4,343 log SWR - 1 (db)

This quantity (in db) can be read directly from the 'l db steps'' radial scale as the
number of db from r = 1 (SWR =00 ) to the point opposite the measured r (or SWR).

The load need not be a short, though this is best. With less than unity reflection
at the load one takes the difference on the db steps scale between the point for r
(or SWR) as measured at the load and the point for r (or SWR) as measured through
the line,

The measurement of attenuation using the ''db steps' scale is not very accurate
for very low or very high attenuation. However, with a slotted line, the expression

1 = 4.343 log (gg—gf—%) (db)

is quite accurate for low attenuations. For high attenuations a transmission meas-
urement is preferable.

12/58 00482-2
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Tel (212) B70-2023
TWE: T10-581-4376

B2 Washingfon 5ireat
Poughkeepiie 12600
Ted: [914) 454-7330
TWI; 310-248-0012

3% Sapnaw DOrive
Rechipster 14623
Ted: [T16) 3735500
TWE: 516-253-5%81

1035 Northers Bouleward
Roslyn, Leag liland 11576
Teli (506} BED-3400

TWX: 510:273.0811

5858 Eaat Molloy Road
Syracuse 13211

Tel: (A1%5) 458 2456
Wi TI0-541-D482

HORTH CAROLINA
F.0. Box 5187

1923 North Main Stieet
High Paint 27762

Tel: {919} BAZ-GATY
TK: 510-926-1516

OHID

557% Pearl Boad
Clewiland 42129
Tel: (216} EB4-5209
TWK: B10-621-8500

2450 Soulh Dixle Drive
Baylen 5419

Tel; (513) J98-0351
Twi: B10-459-1925

OREGON

Westhills Mall, Sulle 158
4475 5%, Schalls Ferry Road
Partland 57325

Tel: (%03) 2829171

TWE; 910-464-6103

PENNSYLVYANIA
2500 Moss Side Bowlevard
Masroeville 15146
Tel:- (413} 2710074
TWE: TI0-797-1650

Id£ Elizabeih Street

West Conshabocken 10428
Tel: (215) 248.1600, B23-6200
TWX, 510-660-8715

TEXAS

P.0. Bax T1GE6
36045 Inwood Hoad
Dallasy 75209

Tel: (214) 357-1881
TWX: G10-861-4081
0. Bax F2H13
4247 Richmond Aveniue
Howmsten 77027

Teh (¥13) BET-2407
TWi: SI0-ERL-2645

COVERNMENT CONTRACT OFFICE
225 Billy Mitchell Road
San Antomio THIZSE

Tel: (502) 4344171
TWX: S10:871-1170
UTAH

7890 South Main Street
Salt Lake City B2115
Tel: (RO} 485816
TWE: 9105255581
VIRGINIA

PO, Bax £514

2111 Spancer Road
Richmond 23210

Tel, {703) 2k2-5451
TWN: 7105460187
WASHINGTON

11658 M.E. Eighth Street
Bellevue 58004

Tel: (208} 454.3571
TWE: 910-443.-2303

CANADA

ALBERTA

10010 - 10%R Srreet
[dmasten

Tel: (403) 424-0718
TN B10-831-2431

FOR AREAS NOT LISTED, CONTACT: Hewleli-Fackard Inter-Americas; 1501 Page Mill Road: Pala Alle, Calil. S4304; Tel: (41%) 326-7000; TWX: 310:373-1267; Telex: 034

BRITISH COLUMBIA
Haewlelt-Packsrd (Canada) L1d,
7184 Wesl Broadway
WEREBUVES

Tel: (G04) T38-T520

TWX: 610-922-5050

HOVYA SCOTIA
1001 Mumiord Read
Sailln 356

Halifan

Tal: {902) 4550511
TWX: G10:271-4482

ONTARID

Hewielt-Pacherd (Canada) Lid.
RAD Lady Elien Place

ofawa 1

Tel: (613} 7224721

WX GI0-562-1952

Hewiett-Pathard (Canada) Lid.
1405 Lamrence Auinse West
Tarants

Teli (416} 245-9155

W GI0-492-2382

QUEBEC
Hewlett-Packard (Canada) Lid,
275 Hymus Bowlovard

Pointe Claire

Ted; (514) 6974232

TWK: B10-427.3072

Telex) O1-281%

BAE1; Cable: HEWPACH Falo Alta

CENTRAL AND

ARGENTINA

Mauricio A, Sudrer
Telecomunicacionss

Carlos Calvo 224

Buenas Hires

Tel: 30-6312, 34-9087

Cable: TELEPILOT Bushos Aires

nRAZIL

Clantal, Importacas e
Comércio Lida,

Avenida 13 de Maio, 13-22° andar

Riw de laneire GB.

Tel: 42.5403

Cieatal, Impodlacad &
Comércla Lida.

Rua Des. Dlisew Gullhaims, 67

S30 Paulo &

Tel: 70-2318

Calile: CIENTALCD, Sac Paisle

SOUTH AMERICA

CHILE

Héctor Calcagni
Casifla 13947
Sanlixgo

Tel: 490,505, 393,119

COLOMBIA

Instrumsestacion

Hearih A Lasgebaek & Cha Lbds,
Cra, TA N* £8-31/53

Apartado Aeres 6237

Bogota, 1 DLE.

Tei: 457806, 455546

Cable: ARRIS Bogola

COSTA RICA

Lic. AMredo Gallegas Gurdida
Aparfado 3343

San Jend

Tel; 71-85:11
Cakle: GALGUR 5Sam José

ECUADDR

Laboralerioy de Radio-Ingemieria

Calle Guaysquil 1346
Post Difice Bex 3199
Quita

Tl 12496

Cable: WORVATH Quito

EL SALVADOR

Elnctrinica

27 Awvenida Norfe 1033

Apartado Postal 1383

San Salvadar

Tad: 25-Td-50

Cable: ELECTHONICA
San Salvsdor

GUATEMALA

Olander Associates Lalin Amarica

Apartasdo 1224

Ta, Calle, 0-22, Tona 1
Guatemala City

Tei: 2812

Cable: DLALA Geatemala City

MEXICO

Hewlell-Packard Mexicana,
5.4 de C.V.

Emgenia 408, Depl. 1

Mezice 12, O.F.

Tel: 430079

HICARAGUA

Tal 3451, 3452
Cahle: ROTERAN Managus

PANAMA

Electrdmica Balboa, SA

P.0. Box 4929

Ave. Manudl Eipisoss Mo 13-50

el 30831
Cable: ELECTRONM Panama City

PERL

Farmundo Erets B

A, Pebitl Thowars 4715
Mtiraticrey

Coasilla 2041

Lima

Tel: 503456

Cable, FEPERU Lima

PUERTO RICO

Ssn Juan Eleciromics, Inc.
.0, Boa S167

Ponce de Ledn 150, Stop 3
FPunria de Tierra Sania

a0 busn DOSOG

Tel: (B09) T35.3342

Cahbe; SATRONICS San Jusn

URUGUAY

Pablo Ferrando s
5.A. Comeecial e Industrial
Avenida Ialia 2B7T
Casilla de Coerea 370
Mantaviden

Tal: 40-3102

Cable: RADIUM Mantevides

VENEZUELA

Citec, C.A

Edif. Arisan-Of. 24

Avda, Francisco de Mirards
Apartago del Evle 10934 Chacaita
Caracay

Tel: 71.88.06

Cable: CITECAL Caracan

FOR AREAS WOT LISTED, CONTACT: Hewlait-Packard Intes-Ameticas: 1501 Page Ml Rosd; Pals Altg, Catil, 04304, Teb (415) 326-7000; TWE: 910-373-1367; Tebex 034-8461; Cable: HEWPACK Palo Alto
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EUROPE

AUSTRIA

Unilabor Hmb.H

Wisieaschaitiiche lasirumente

Rummaihardigasse 6.3

PO, Box 33

Wienna 1X/71

Tel: 44 1K1

Cable: LABORINSTRUMENT
Winnna

BELGILM

Healelt-Packard Benales 5.4
20:24 rue de I"Hbpital
Brussels

Tal: 11 22 20

Cable; PALOBEN Brussels

DENMARK

Tage Olsen AS

Ronnegade |

Copeshagen o

Tel: 29 48 00

Cable; TOCOPEM Copenhagen

FINLAND

INTO 07
Muritulfinkatu 11
PO, Boa 10053
Helginki 10

Tel; §1 133

Cable: INTO Haluinki

FRANCE
Wewlett-Pachard France
2 rue Téle d'Ov

Lyom, & - Rhilse

Tel: 52 35 &6
Hewlnli-Packard France
150 Bowlevard Massens
Paris 13e

Teh 707 67 1%

Cable: HEWPACK Paris

GERMANY

Hewdatt-Fackard Variriebs-GmbH
Ligtrenborges Strasse 30

1 Barlin W 30

Tel: 24 B6 36

Hiwlett-Packard Variriebs Gmbd
Herrenbenger Strasse 110

703 Béalingen, Wartbemberg
Tel: 070316971

Cable: HEPAG Boblingen

Hewlett-Packard Yerfriets-Gmbi
Achenbachsirasse 15

4 Dispeldert 1

Tel: 6B 52 58755

HEWLETT E PACKARD
ELECTRONIC INSTRUMENTATION SALES AND SERVICE

Hewletl-Packard Vertrisbs-Gmbdl
Hurhessemitrasse 95

& Frankfurl 30

Tel: 52 00 36

Cabla: HEWPACKSA Frankfudt
Hewlgil-Packard Vertrigbs-Gmbil
Beim Strohfasse 26

¥ Hamburg 1

Tel: 24 05 51/52

Cable: HEWPACKEA Hambuorg
Hewlel-Packard Yertriebs-Gmah
Roginfriedstrasse 13

& Musich &

Tak: 69 51 21/32

Cable: MEWPACKSA Munich

GREECE

Kosbos Karayannis
18, Ermou Sreel
Mbens 126

Tal: 230 301

Cable: RAKAR Alhens

IRELAND

Hewlell-Packard Lid.

724 Bath Hoad

Slowgh, Butks, England

Tel: Slough 28406-5, 25486-9
Cable: HEWPIE Slough

ITALY

Hewlutt-Packard Italissns 5.pod.
Wiale Lonigiana 45

Milan

Tel: 69 1% B4

Cakile: HEWPACIT Milss

Hewlalt Packasd ttallana 5.p.A,
Palazro Itadla

Plazza Marconi 2%

Reme - Eur

Tel; 581 2544

Catile: HEWFACIT Hese

NETHERLANDS
Hewlelt-Packard Benalux, N.Y,
de Boelelaan 1043
Emgterdam, 7.2

Ted: 42 73 17

Catile: PALOSEM Amsterdam

NORWAY
orgenstieme & Co. A/S
Ingenialirma

6 Wensels Gale

Ola

Tel: 30 16 3%

Cable: MOROF Osla

FORTUGAL

Takeciry

Rua Rodrigo da Foaseca 102
P.0. Box 2531

Lishan 1

Tel: 68 GO T2

Cahde: TELECTRA Lisbon

SPAIN

Atado Ingerieros

Urgel, 59

Barcelona, 11

Tel: 230-69-&8

Alsio Ingenierod

Enrigque Larrela 12
Madrid, 16

Tel: 235 43 44

Cabsle: TELEATAID Madrid

SWEDEMN

HP Enstrumast AB
Hagakersgatan 7

gIndsl

Taol: 031 - 27 68 00
HP Insirument AR
Centralvkgen 28

Salna

Tel: 08 - £3 O8 30

Cable: MEASUREMENTS
Stetiholm

SWITIERLAND
HEWPAK AG
Zurcharstrasse
Schlieren
Lurich
Tel: (51} 08 18 21
Cable. HEWPACKAG Turich

TURKEY

Telekom Engineering Boreas
P.0. Box J76 - Galals
Istanbul

Tl 49 40 40

Cable: TELEMATION Istantal

UNITED KINGDOM
Hawlell-Pachard L.

224 Bath Rosd

Slough, Bucks

Tel: Slough 28406-5, ZR4B6-9
Cable: HEWPIE Skough

TUGOSLAVIA

Belram A&

B3 svenips des Mimosas
Brusieli 1%, Belgium

Tel: 35 29 58

Cable: BELRAMEL Brussals

FOR AREAS NOT LISTED, CONTACT: Hewlett-Fackard 5.A.; 54 Rowte Ses Acacias: Ganeva, Switrerfasd; Tel: (022) 42 81 50; Telex) 2.24.85; Cable; HEWPACKSA Geneva

AFRICA, ASIA, AUSTRALIA

AUSTRALIA

Hewlelt-Packard Amfraka
Ply. Lid

22-26 Welr Street

Glen Iris, 5. E. &

Victoria

Tel; 20-1371 4 Hnes)

Cable: HEWPARD Meltourni

Hewlell-Packard Amstralia
Py, Lid.

4 Grose Streel

Glebe, New South Walss

Tel: 211-X238, 2112888

Cable: HEWPARD Sydnay

CEYLOM

United Electricaly Lid.
PO, Box G&1

Tahsls Buibding

Staples Street

Cotemba 7

Tel: 54%6

Cabde; HOTPOINT Colomba

ETHIOPIA

Airican Splespower B Agency
Private Lid., Co.

P. 0. Box TIR

Addis Akaby

Tel: 44080

Ceble: ASACO Addisababa

HOMG KONG

Sthmidt & Co. (Homg Koag) Lid.
PO Den 247

1511, Prince's Bullding

10, Chater Road

E 1]
Tel: 240168, 232735
Cable: SCHMIOTCO Hong Kong

INDIA

The Seientific insirament
to., Ld.

G, Tej Bahadur Sapru Road

Allahabad 1

Tal: 2451

Cabhe: SICO Allahbad

The Schenfific |mstrumant
Co., Ld.

240, Dr. Dadabhai Nsoraji Rosd

Bombay 1

Tel: 26-2642

Cable; 5100 Bombay

The Scientilic lastrument
Go., Ld.

i1, E'ml-l;lue Easl
3

2341
Cabbe; SIC0 Calcuita
The Szientific Insirument Ca,, Ld,
30, Mount Eoad
Madras 2
Ted: BAXIG
Cabder IGO0 Madray

The Scienlific Instrumant Co., Lé.
B-7, Ajmari Gate Extn,

Wew Delhi 1

Tel: 371053

Cables SIC0 Mew Dalhi

IRAM

Telecom, Lid.

P. 0, Box BE1Z

Teheran

Tel: 43850, 28111
Cable: BASCOM Tahstsn

ISRAEL

Etectronics & Engineering
Diw. of Motarala Issael Lid

16. Kremaneldki Strest

Tel-Aviv

Tel: X5020/2/3

Cable: BASTEL TedAww

JAPAN
Yologawa-Hewlell-Packard Lid.
Shinhankyu Building

No. B, Umeda

Hifa-iu, Opahs City

Tel: 0726-23-1641

Yohogawa-Hewlel-Packard L1d,
it Huilding

No. %8, Kelosi-cha
Nakamura-ku, Hageya City

Tel: 581.0215

Yohogaws-Hewlett-Packard L1d
Ofashi Bullding

Ko, 59, |-chame, Yeyogl
Shituya-ku, Tokps

Tely 370-X261

Cahle: YOROHEWPACK Tokya
Taben) 3322034

KENYA

R. K Tiibury LEd.

F. 0, Boa 2754

Suite S1T/518

Hotel Ambassadeur

Hairabi

Tal: 25670, 6803, 6AI0E
Cable; ARIAYTEE Mairobi

HOREA

Amatican Trading Co., Konea, Lid
Seon] P, 0. Box 1103

112-35 Sokong-Dong

lunig-ku, Seoul

Tel: 3.7049, 3.7613

Cakile: AMTRACO Seocul
LEBANON

Constantin E. Macridis
Clamencosu Streel
Clementesy Center

Beimut

Telr 220E=6

Cable: ELECTROMUCLEAR Beirat
MALAYSIA

MECOME Malaysia Ltd,

2 Lorosg 13764

Section 13

Petaling lays, Selasgor

Cable; MECOME Kuala Lsmpur

HEW ZEALAND

Sample Electronics (NZ) L1d.
B Matipo Sireet

Gnehusgs 5.E 5

Auchiand

Tel: &67-356
Cable: ELFMAS Aucklsnd

PAKISTAN (EAST)
Mushio & Company, Lid.
a1, Ninsah Avenus

Datca

Tah B0D58
Cable; COOPERATOR Dacca

PAKISTAN (WEST)
Mushis & Company, Lid.
Oosman Chambers

Victoria Road

Narach| 1

Tel: 51027, 52927

Cable: COOPERATOR Karachi

SINGAPORE

Mechanical and Combustion
Engineering Comgany Lid.

9, lalan Hilang

Singapere, 3

Tel: GA2361-3

Cable; MECOMB Singapane

SOUTH AFRICA

F. H. Flanter & Co, (Pty.}, L1d.

Rosells Houe

Buitencingle Strest

Cable; AUTOFHONE Cape Town

F. H, Flanter & Co. ¢Piy.], Lid.
104 Pharmaty House

BO Joelssen Stresl
Brapmioslein, Johamnesbarg
Tel: 7244172

TAIWAN

Hwa Sheng Electronic Co., Lid.
P. 0. Bax 1558

21 Nanking West Road

Taipel

Tali 46076, 45536

Cable: VICTRONIX Taipai

THAILAND

Tha Internatioeal
Engineering Co.. Lid.

F. 0. Box 39

614 Subhusvil Rosd

Bangkak
Ted: 913480.1-2
Cable; GYS0M Banghod

VIETHAM

Lendis Brothers and Company,
Inc.

P.0. Box H-3

216 Hien-Vuong

Saigon
Tel: 200805
Cable; LANBROCOMP Salgon

FOR AREAS MOT LISTED, CONTACT: Hewiett-Packard Export Masketing: 1501 Page Mill Road; Palp Alto, California S4304; Tel: (415) 326-7000; Telex; 034-B461; Cable: HEWPACK Palo Alto



