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Supply of Replacements

Replacements are supplied on request by your nearest R&S agents or the
principals ROHDE & SCHWARZ, D 8000 Milnchen 80, Mihldorfstrafie 15;
telephone (0811) 401981; telex 05-23703; telegram rohdeschwarz muenchen.

In your own interests, please let us have the following specifications when
ordering replacements:

(a) Reference Number and R&S Stock Number of the defective component
(according to parts list).

(b) Type or Order Number (BN) and Serial Number (FNr.) of the equip-
ment (e. g. according to front-panel engravings).

Please specify the exact address in order to avoid unnecessary delays in
delivery.

"Zusammenstell-Vorschrift'

The ''Zusammenstell -Vorschrift' is a reference list specifying the differ-
ent parts of theinstruction book. Withthe aid of thislist(ZV), it is possible
to check up on the latest amendment (AZ) of the parts lists, circuit dia-
grams and drawings, and to find out whether all specified parts are in fact
included in the instruction book,

Sections that are missing in the instruction book but listed in the "Zusam-
menstell -Vorschrift'' were either not available when the instruction book
was compiled or have been omitted unintentionally. Please inform us in
this case, indicating the reference number (R-Nr.) of the list in the lower
right-hand corner and the item number (Pos. -Nr.).
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i . crneillicntions

The Inductance lloter Type LAY permits direct measurcacnt of coll
inductance in the range U.1 wil to 1 H and of coil ¢ from 2 Lo 7030,
The measurcment accuracy is t?ﬂ f0.01 uH lor inductance rociuzenonts
with ¢ > 10 and t10ﬁ for « mecasurements, a correction boin s noolsnary
when the coil whose . i3 measured has an L near the ran e od es or the
test-itom 4 18 > 300. The inductance of a wirc loop actout & ¢ loo
i8 moasured just as easily and as quickly as that of o forriic core
coil of up to 1 il. Coils ur to 10 H can be neasured invirectly ULy

a simple differonce measuruinent.

Distributed coil capacitance and the resonance frequency of parallel
resonant circuits are lilewisce rcadily neasurcd with the o7, “ha
sensitive meter amplilier permits very accurate L comparison ito bLe

carried out with an uncertainty of +0.15.
y -

The maximum voltag appliecd to tho test item at regonance iy <O V.
D P

This ver low and accuratel known test VO}L‘SJ",’O and the vessloility

L ‘ o

-

of reading Q at the LT tost frequency arc the main asscts of the LAT

Lo

as compared to the ecarlier Inductance leter Qype LARU 30 510 and
other competitive insirumonts. hen high-permeability core sater
are measured it is absolutely necescary to employ a low test voltage;
otherwise the inductance and ( measurements would be invalidated

too high field strength.

m hl

This versatile insirure
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ally suitesle for accurate neasurc-
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ments and adjustments ol coils in laborutorics and test de partmoents
+

and for production tests, say in windins shops, where coils are meas-

ured, trimmed or checked for shoris beiveen windin »s or to chassis.
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parallel L and the series L as a result of the test-item @ being
low at the highest bridge frequency. (See "Do you Measure the
Inductance Properly?" News from Rohde & Schwarz No. 14)

The Inductance Meter Type LRT is easy to operate. The proper scale
automatically appears in the front-panel window when the range is
selected. This method practically rules out the posgibility of reading

errors, so that the instrument can be operated by semiskilled personnel.

Two screw terminals with 4-mm holes for banana plugs and transversal
holes for wires up to 2 mm in diameter are provided for the connection
of the test item. Quick-connect/disconnect terminals (see Recommended
hAccessories) are available which accelerate series of measurements
decisively since the leads of the test item need only be inserted

between the contact springs instead of laid around the knurled terminal

and screwed on.,

The Inductance Meter Type LRT contains no parts that are sensitive

to shock or vibration, The wiring is designed to withstand the rough
handling in workshops or mobile use in a test van. All components

that determine the accuracy are selected with special care and do not
require readjustment for years of operation. The oscillator stability,
for example, is ensured by carefully glued pot-core coils with large

air gaps and a pre-aged variable capacitor fixed with stress-relief.

Zasy access to all subassemblies and a simple way of mounting
facilitate maintenance and repair work. All expendable parts, such
as potentiometers, switches and scale drives are of best quality,
Should a repair nevertheless become necessary, it can be carried out

by a skilled technician by means of simple equipment.

R 14926 381, 6



1.4 Description

The Inductance Meter Type LRT operates according to the resonant-
circuit method. The unknown inductance Lx and the fixed test-circuit
capacitor Ct form a parallel resonant circuit whose resonant frequency
is solely dependent on the connected inductance L o« An oscillator

vith a continuously variable frequency excites the test circuit via a
capacitive coupling adjustable in four steps.

When measuring, the oscillator frequency is varied so that the meter
amplifier indicates maximum voltage, i.e. the test-circuit resonant
fregquency fres is equal to the oscillator frequency fo. Then:

f =f =
res o
2 = Ct Lx
Therefrom
1
L = e—e——
x (2nf)2

The scales of the variasble capacitor of the oscillator are calibrated

in terms of frequency and self-inductance to permit direct readings
of L_.
X

The resonant voltage Et directly depends on the oscillator voltage E
of the test circuit, i.e. the amount of coupling C and the Q- factor
of the test item. (The losses of the test-circuit capacitor are so
low that with a measurement accuracy of :10% they need only be
considered if the test-item Q > 300.) Thus

B o
B, " C
L 1 + _ﬁ_
C
[od
E, = —% g
% Ct 1 R
V=
[

R 14926 Bl, 8



Thus the scale of the panel meter can be directly calibrated in terms

of @, the Q range being determined by the amount of coupling.

The characteristic of the meter amplifier must be linear to ensure
that the scale is also linear. The sensitivity obtainable in g
measurements is, however, not sufficient for comparative inductance
measurements to within 0.1% or absolute measurements to within f1%

of coils with Q@ < 20. Since the resonance curve of such coils is
rather flat the voltage maximum cannot be adjusted with sufficient
accuracy. If switch S3 is set to L-MEAS, the meter amplifier orerates
#ith zero suppression, adjustable with the INDICATION knob {potentiometer
RSS), and the sensitivity of indication is increased by a factor of
about 5. Since only the peak of the resonance curve 1s then indicated
the accurate maximum, i.e. the unknown Ly, is clearly determined even
for coils with high loss, The Q@ of the coil can be read on the meter
if switch S3 is set to Q-MEAS,

The circuit design is such that switching from Q measurement to
L measurement and variation of the coupling do not influence the test-

circuit and oscillator frequencies,

In addition to L and Q, the LRT permits the self-capacitance of coils
to be determined by means of two measurements and a simple calculation,
as for the L measurement, first adjust for maximum voltage in the test
circuit while Ct is in circuit and read the frequency fL instead of
the inductance. Then separate the test-circuit capacitor from the test
circuit by setting S2 to SELF-C. The capacitance connected in parallel
to the test item thus consists only of the internal coupling and
wviring capacitance Ci = 30 pF and the self-capacitance CS of the
tested coil. Then adjust for maximum voltage of the test circuit at a
higher frequency fE and read fE. The self-capacitance of the coil is
then

R 14926 Bl, 9




1.5

Recommended Accessories

e)

1 Cover KBJ 80559 for cabinet

If the set is frequently transported the front panel should be
protected by this cover.

2 Terminals BN 5501-62

The quick-connect/disconnect terminals are directly fixed to the
test terminals of the set and facilitate the connection of the
test items. The leads of the coil need no longer be fixed with the
knurled screw terminals but can simply be pushed through the
contact clips. If bulk measurements are often to be carried out

the use of these terminals is strongly recommended.,

R 14926 Bl., 10
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Preparation for Use and Operation

N
—

Preparation for Use

Legend 1o front-panel view iig, 2:

1 Screw Tixing the instrument in ths cabinet
2 Freguency scale ) .
— 1 J switched by range selector 11
3 Industance scale j
4 Cursor for L and f scales, asctu .ted with knob 6
5 Jame as 1
6 Tuning krob, for variation of the oscillator freguenay within
a range
7 Filet lamp, indicating the “on' condition
8 Same as 1
9 On/off switeh
12 Kneb for the adiustment of the zere suppression of the neter
amplifier (only if 16 is at L-MEAS.)
14 Range selector {7 L ranges)
12 a} Switeh selecting the coupling capacitors for L and . measurements
b) Switchover to self-capacitance measurement
42
t A )
Test terminals
44
“
15 Same as B
15 Function selector for § measurement or L measurement; in Q
measurements the meter amplifier operatss linearly, in
L measurements with suppressed zero, i.e. increased sensitivity.
7 Mechanical =zo2ro adjustment of meter
18 Meter indicating the voltage maximum of the resonance curvs

adjusted with 6 or the . facteor in the corresponding

position of 16

=3
-3

Jow
]
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11

(o]
t
-t
?



2,1,1 Adjusting the Set to the Local AC Supply Voltage

The set is factory-adjusted for operation from 220 V AC supply. To
adapt it for operation from 115, 125 or 235 V, loosen the screws

tr v 5 4+ 8 4 15 on the front panel and withdraw the chassis
from the cabinet, Be sure that the power plug has been drawn cut of
the wall socket. The tapping panel is at the rear. A normal-lag 0.05-4
fuse is suitable for 220 V and 235 V AC supply, & normal-lag O,1-4A
fuse for 115 V or 125 V, Insert the proper fuse into the pair of
contact clips identified by the available voltage value, AC surrly
voltage fluctuations from +10% to -15% and frequency fluctustions

between 47 and 63 Hz do not affect the accuracy of the instrument.

2.1.,2 Setting up

The accuracy of the instrument is guaranteed for L measurements at
temperatures from +10 to +35°C and for § measurements from +15 to
+35°C. More adverse temperature conditions do not cause any failure
in the functioning, but in the extended range from 0 to +45°C the

L error increases to +2% and the § error to +12%/-20%. Do not operate
the LRT in the immediate vicinity of a strong signal source since

a spuriocus deflection may result on the meter, especially in the
SELF-C position, due to the high input impedance and sensitivity of
the meter amplifier.

A metal bow provided at the bottom permits the inductance meter to be

set up in an inclined position, which facilitates the reading,

2,1.3 Setting the Mechanical Zero of the Meter

Adjust 17 by means of a small screwdriver to correct the mechanical

zero of the meter,

R 14926 Bl. 12
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Connect to the AC supply by introducing the 3-pin Eurepean Tlus

of the powor cable into the rear sockei of the set and the vulcsy
plug (with earthing contact) into the wall socket. Switeh on wiwn
the power switch A . The pilot lamp T then lights. The sct is

ready for operation, no waru-up ‘being required. No calitratics ‘o

necessary.,
2,2 Operantion
2.241 Conrnection of a Cotl

Connect the coill in such a way that 4he lead that lies ¢n carin

potential in operation is at the right-hand terminal 13 . In tne

case of shiolded ocoils the L valuecs with and without the chicldin
must be distinguished, A greater L may be obitained witho.:. - o Sooaelding

- o
+

: colls wi

L ctrong stray ficlds, i cartioular laroe o ea oo
coils, are meesured an iron tabla top may introduce errors. Jher coils
of low inductance have long leads the influence of the leaus on tha

aeasuremant accuracy should be determinasd.

24242 Jeagsurement of Inductances from 0,1

end Q's from 2 to 1000

2
s
ladd
<O
-t
>

The LRT operates on the resonance method (see 1.4). Tho freg
of the oscillator is so varied that 41t equals the teat-circutls
resonant frequency. The voltazs muximum appearing at the test-clrcuit
rosonance 1s made visidble by the meter amplifier and serves as
criterion. The measurement proper, i.c. gearching Tor resonaznce, must
bo proceded by the selection of the amplifier characteristic (sae
2,2.2.1) and of the coupling (scs 2.2.2,2) betwoen tho oscillator

and test circuit.

g’ « 4 'S P 4 I+ 4. Fal 1
242,241 Seolectine thao Charnctorintis of the

celect the mode¢ of op MLAS. or Q-NEAS, with switeh 15,

Fal

]
The only difference 1ics 4in the characteristic of the neter amplifier,

R 76002 Bl. 7




In tho L measuremant the zoro is suppresced. The full-scale value:
of the meter corrcasponds to a volir = ~ar.sztion of about 1S oV, This

A

high sensitivity is necessary in orusr t: 713d the maximus of the

rescnange curvs and thus the L of c¢oils with § < 20,

In the Q measuroment the amplifier characteristis ia linear cod

80 mV give full-scale deflection., The indication is less goNSitivVe

and covers & muoh wider range. Since ths voltage maximux i1 toce o -lzic
even with colls of Q < 20 it ia recommended thai the‘%~xiés, sca.tion
of awitoh 16 oshould bs selected for finding the rcesonance. Lot-

saves the sensitivity adjustment with knod 10 during %he wessuremer:

and allows direct reading of Q without changing knod 15 .

jae

12:2,2 Selecting the Coupling between the Sscillator =n? Toss J¢raud

Tho asmount of coupiing betwoen trne oscillator and tost cirouit is
edjusted with knobt 12 , Dota of difforent sizos are gngravel con tha

i

front panel rcund the knob to mark difforent values. Togather with the

ceupling, tha Q range is sclected (upper marking of knot e s
“ince the test-oirocult voltage incroacas proportionally to ihe o of
the test item and tho amount of coupling, take the measurezent ia ihg
nighest Q range and with the locsest ceupling, to maintain, 23 far

&3 possible, a constant test-cirouis voltage, Thus the voltage acroca
the teost 1tem nover exceonds B0 nV unless tho meter amplilier is
overdriven, if the Q of the test item is unknown select the tightsast
coupling when searching for resonance; if the Q is roughly known

select the appropriate Q range.

2,3 Tunin~ to Regsonance and Reading

’_l
[
$ae
(6]
F
=3
o
b ¢}
o §
Q-
[+
[
o
Q
ot
id
b
[+
[¢]
QO
&
e}
)
(&)
k&
[&]
e

If the order of nagnitude of theo coil

ringe with knob 11, Othorwise, start in the " ,v.st L range; 1.6,

at the highest teat frequency, to search for rosonan

¢
ning to & harmonio. Thisz risk, howsver, exists only witl
Hadlyy o [29A LS Y P A ) 3% ) et M Wdld oA &

content ¢of the oscillator is wvery low,



Turning knob 6 tune the pointer 4 Lhroush its rango until the

meter deflection is maximum. If *the o wed initlally unknown wnd turns
out %o be > 30, rcduce the coupling witn knobd 12. . Read L ¢n 4he
black L scale, using the double hair line engraved on the zcinter
to avoid parallax. Reading errors are not likely to occur sirce only

~the appropriate scale appears in the window of the front parsl,

If for ooils of Q < 20, which are rather seldom encountersd, e

L measurement is not mocurate enough, set 14 to L-NEAS, The
senaitivity of the moter amplifier is thus increased and the L can
ve aocuratély adjusted, Using knob 10 adjust the zero supnrossion
80 that the pointer of meter 18 is in the conire of %tho Lcale at
resonance. In the last third of the acalq {right-hang ond ) wnc
indication becomes less sensitive sinco the polrnter deflisciicn is

imited to protect the meter,

n

) Acourancy and Sources of Error in Inductance MNessurereors

An specified in 1,2, coils with @ > 10 can be weasured with an

acouracy of :1% +0,01 BH, The specification "+0,01 wH" menne thot
Yelow 1 H an asbsolute error of t0.01 il adds to the errer ¢l 1.
For oxample, a coil of 0.5 | H is measured only with %% sccuracy: 1.

o

error of the LRT 1(0;01/0.5) x 100 = t2ﬁ absolute error, This applies

-

to coile whose self-capacitance is within the limits specified in the
following seotion 2.2,3,1, If the solf-capacitance is higrhar the

L reoading must be corrected.

2,2,3.1 Influence of Self-capacitancs

~
s )

[a)
>

According to asection 1.4, thoe unknown coil Lx forma a paral
resonant cirouit with the built-in test-circult ccpacitor C_ (5000 pF
v

where

)y
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As ench winding, in addition to its induotance, has a self-capacitance
C, (or winding capacitance)- which iz watween 1 pF and several 1000 pF,
depending on the type of coil -and since t.» calibration of the LRT
cinnot be valid for all possible eelf-qapaoitancé values, an appreciadle
peagurement error may result. Correction for this error is possible
if the self-capacitance C8 lying in shunt with the test-circuit

capacitor C, is known, To render the correction superfluouc for wost

¢
of the ¢oils, a given amount of self-capacitance has been included in

the calibration of the LRT:

w 0 pF in the 2 ranges 0.1 to 10
= 10 pF in the 4 ranges 10 pH to 100 mH
= 20 pF in the range 100 to 1000 mH,

Ca incl
C
8 incl
*C

8 incl

I? the actual self-capacitance C8 of the coil differs from the value

C8 {ncl included in the calidration the resulting measurement error is
C - ¢ .
Tl o 5 3_inol -
F L%j 2500 100 {CB and C_ insy iP p~]

The following example shows that the error is small for the conmzmonly-
used coiles and usually need not be corrected for: Let ths wmeasurement
be ocarried out in the renge 10 pH to 100 mH and C8 incl " 10 »F.

The self-capacitance of the coil be about 20 pF. This causes an error

20 - 10
F 5300 x 100 = 0,2%

For coils with wmuch higher self-capecitance, e.g. transformer

windings, the following corrsction 45 necessary:

-

2000 in pFJ

m 5000 +C - C
8

L,= L

" Lm k [bs and Cs incl

8 incl
where L,y is the true induectance, Lm the inductance measured with the
LRT. The correction factor k is given in Flg. 3 as & function of self-
capacitance Ca“ For exsnmple, if a self-capacitance of 100 pf and

{inductance of 200 mHi are measured, the true inductance 1s

Ly=L k= 200 x 0.984 = 196.8 mi.

R 15 d Ble 10
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“he self-capacitance can be measured with the LRT according to the

method described in section 2.2.8.

Svecial attention should be paid to transformers. Fig. 4 shows %he
equivalent circuit of a transformer with two windings where the losses
are neglected. On principle, the transformer may have three or more
windings. L1 and L2 are the prancipal inductances of the primary and

secondary windings, Cs1 and C82 the winding capacitances, and ¢1, and

1
5L2 the leakage inductances. For example, the leakage inducinnce

5L1 is that part of the primary inductance whose magnetic flux does

nct venetrate through the secondary winding and cannot nroduce any
voltage in this winding., The cavacitance of a transformsy winding may
te tetween 25 pf and several 100 pP; 1t depends mainly on the geometry
of the winding and on the wire insularion, but only slightly on the
runber of turns.

The impedance 22 connected at the secondary is transformed to the
rrimary with the square of the turns ratio nq/n2 = g and anress

, = 22 a2. The winding capacitance C

o

€ a8

[ |

a0 has the effect of an inmredance
[«

Z. = 1fﬂ682 cennected to the secondary, which appears at the prinary
es 7, = (1%»032) al, Considering the admittances ©Cy, and ol a%,
it is clear that at the primary side the sum of Cs1 and Cs2 aé is

ef

fective, If n, < L in perticular n. <X Ny and if the measurement
o &

is taken at the primary C can be neglected, If, however, n., > n. or

=4 ! 1
s : 2 x _
n, 2> Nyy €.8s @ = n?/n, > 10, only Csza has an appreciable effect on
the primary side.

-—

‘rnis transformed capacitance, apart from requiring a correction of the
r/ﬁ

measured L, may represent such a low impedance that it almost corresponds

to a short-circuit forav‘L1 and may even be lower than the impedance of
the leakage inductance 5L1, When & bridge is used for the impedance
measurement this difficulty can te turrsd round by selecting a very
low test frequency. The frequency of the LRT, however, is not freely
selectable (because of the method employed). If the winding geometry
of the transformer is known the inductance measurement should be taken

orly at the winding that has the greatest number of turns; in this

R 14926 Bl. 17



caese it is very unlikely that the result should be invalidated by the
transformed winding capacitances, The measurement with the LET is,

of course, only possible if the inductance of this winding is not
greater than 1 H, For unknown transformers it is best to measure, if
rossible, the inductances and capacitances of all windings and tc¢ judge
the results critically. A thumb rule is: The measured L differs not more
than 10% from the true L if the turns ratio fulfils the condition

< /500
- c
82
cxamnple 1
Values Measurement of L1
L1 = 0.9 H Effective capacitance:
= = C 23 0O 1 =2 ) 13
L2 3.6 H Cs Cs1 + Cgo 100 + 100 x 4 500 pF
8 =2 L measured with LRT:
- 5000+C _~C
z s 8 incl o
a =4 _ Lm = L1 5500 = 0,9 x 1.066 = 0,98 mH
8 = o
” Q.57 The leakage inductances here do not enter into
T =
R 4.5 mH the measured result,
£l = 18 mH
<
Cg1 = 100 pF
CSA = 100 pf Measurement of L2

Effective capacitance:

2
Cqg = Cyp + Cya” = 100 + 100/4 = 125 pF

2 1

L cannot be measured since L2 > 1 H.

R 14926 Bl. 18



Example 2

Values

1 mH

100 mH
10

= 100
61 = 30 pF
a2 = 100 pF

t
-
i) i

]

Q o @ @

Example 3

Values

L, = 0.5 H
200 H
20
400
3%

15 mH
=6 H
100 pF
100 pF

aQ O O o o PP
|l n
1 ] il ]
8 [ f []

Measurement of L1

Effective capacitance:

Cs = 30 + 100 x 100 = 10030 pF
L measured with LRT:

L, =1 x 15020/5000 = 1 x 3 = 3 pH

This cannot be called a measurement; the
correction is not accurate enough since Cs
would have to be known accurately, Take the
measurement at L2.

Measurement of L2

Effective capacitance:

Cqy = 100 + 30/100 = 100,3 pF

L measured with LRT:
Lm = 100 x 1,016 =102 mH

Measurement of L1

Effective capacitance:

Cs = 100 + 100 x 400 = 40100 pF

Apart from the requirement of the thumb Tule a é 2.2,
in this example the reactance 1/003 is much
lower than(uL1 even at the lowest test frequency
of the LRT so that the principal inductance L1
cannot be measured, A resonance is found at

12.4 wH, but this is the leakage inductance

6Ly = 15 mH less a value due to 1/»05. Since

L2 >> 1 H, such a transformer cannot be

measured with the LRT, This example shows that
an absolutely wrong result may be obtained if
the thumb rule is neglected.

R 14926 Bl., 19



2.2.4 Accuracy and Sources of Error in 4 Measurement

The error of t10% for Q measurements is determined by the stability

of the voltage exciting the test circuit, i.,e, with an error-free
capacitive voltage divider, by the genertor voitage and the accuracy

of the meter amplifier. The additional error caused by the losses of
the test-circuit capacitor for test items with Q@ > 300 can te corrected

for by means of the correction curves.

Apart from these errors, which are distributed throughout the freguency

range, the following error components appear near the range ends:

2.2.4.1 Q@ Error for Coils of High Inductance and High @

If the test item has an L > 0.1 H and Q@ > 100 the input impedance
of the meter amplifier damps the teSt circuit.

Example: The inductive impedance wl of a coil of 1 H amounts to about
14 kQ at an LRT test frequency of 2.2 MHz., With Q = 300 the resonant
impedance (parallel equivalent circuit) Zoos = QWL ~4,2 Q. The
error due to the amplifier input impedance of about 55 MQ is thus
7.15%., The error decreases with decreasing L and decreasing 4. For
correction refer to the correction curves for Q measurements with
high inductances (Fig. 6), If L > 0.1 H andQ > 100 it is advisable to

estimate the error and to correct, if necessary.

Ce2eda2 Q Error for Coils of Low Inductance

The test-circuit inductance of the LRT is formed by the series
connection of the test item and the wiring inductance. The latter
is included in the calibration for L measurements, whereas in

< measurements an error results because of the low Q@ of the test-
circuit inductance. The error increases with increasing 4 and
decreasing inductance of the test item, The correction curves for
9 measurements with low inductance (Fig. 7) show that a correction

of the measured value is necessary if L < 50 pH and ] > 100.

R 14926 Bl, 20



Inductances below 0.1 uil can be ~canurea indirectly by neans of a

. N\ .
LF {wire loop, thct can

b

simple diffcrence measurenent using a
Just be measured directly at the lower ond of the lowest ran o

(0.1 = 1 @ii). Pirst measure the inductance of the auxili oz coil L,
connect L in series with L and measure the inductance of +... ucories
A i

cosbination L = L. + L ., Then L = L < L . "The mutual ind..tance
' 8 h X b's 8 h
coupling is here assumed ne,;ligible. This condition is TeLgnly

fulfilled by a measuring device consistiing of a strip lire 1oil around

o

a plastic disc (Fig. 11). Thanks to the strip shape, tho moevic fiel
i8 closely concentrated round the conductor, so that cven 3721l teot
items can be measured without disturbing coupling effecis. Jic %wo ondo
of the loop are connected together by means of a pluy plate of copper-

plated hard glass fabric with two banana plugs snpaced 30 rnm apart. ot

a

5

the diametrically opposed point ihe loop is separated. ormall sochets
are provided to the left and rishit of the separation, at a distance
of 5 nm. In the simplest case, these may be tubular riveis with an
inside diameter clightly snaller than the diametor of the wiwe o1 tho
test item. Ior froquent uses, sockets of the zind cupplici Ly varicus
manufacturers, say, for the quick connection of Semiconductors, arc
more convenient. Qur experimental model was oquippcd with contact
socltets made by Burnes Development Comp., Landsdo
They make satisfactory contact with wire ganzes of 0.% to 1 mn.
by

suitable types are also available for thicker wi

The measuring dovice is easy to make. since a series prozuction is

not intondod the required dimensions are given in M. 12,



Jhie insulating dise carrying the copper strip was made of Ultramid-s

witich is very casily workable. iny other heat-resistant disloctric

1y

nay be used as well. The ;roove .n *he disc only serves to keep the

copper strip in place and is not absol..:ly necessary. Jhe plug plate

i

>

carrying the two banana pluzs should have a copper-platin: as thick
as possible to make the inductance of the leads negligible arzinst

that of the copper strip loop. The contact sockets are pres

[)

dielectric disc and soldered to the copper strips for betier contact.
“he holes of 2.8 and 2.7 mm diameter roefer to the slove-montiorod

m

contact sockets of Jarnes. The copper rollers determining the s zcing
between the plug plate and the dielectric disc may be replaced by

stacked washers.

i'casurement: Short the two scparated ends of the copper strip wiih a

wire link and introduce the device into the soc
that its inductance is exactly 100 nil. The depth can be accurately
limited by the knurled nuts of the terminals. Then insert the leads
of the coil to be measured into the small sockets instcad of the
shorting link. The Inductance lieter then gives the recading

L =L_+ L = 1L_ 4+ 100 ni.

g X h X

It is only nccessary to deduct 100 nH from the readins in order %o

obtain the inductance Lx of tho coil.

The device is so sensitive that an inductance variation of 1 nil is
recoguizable when the shorting wire is carefully withdrown. 4 wire
loop of 10 mnm diameter was used to prove that the coupling between
the test item and the auxiliary loop is small: the measured L was
practically equal to the calculated inductance. The uLccuracy of the
device depends mainly on the length of the coll leads; a Qariation
of 1 mm corresponds to about 1 nil. Coils of less than

&1

therefore be :casured only with an error of a few per ceni, de

(e
ko]
©
o
o
[
3
C3

on their inductance. The 1. error of the LRT is here no longer of

importance.

R 16602 Bl. 12
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St coils of such low inducvance the . reading of t

wonble for comparison only. 1V cannotl be considerod as

4

since the internal wiring recicisnees, the switch and

Ll ois
an wboolute

the contuct

resistance of thoe resonant-circuit cajp - Ttor reduce the overall

o]

j&3

. considerably and make it frequency-dependent. If ¢}

of the described device are shortod a ¢ of about 15 i

although the copper strip loop has a much higher {.

*

2.2.6 Moasurement of Inductances > 1 H

Inductances from 1 H tc about 10 d can be measured indirccily Ly

means of a coil Lh

Tia

end of the highest range (10¢ - 1000 mil). First moasurc i-
e

inductance of the auxiliary coil Lh’ then connec

Fad

with Lk and measuro the inductance Lp of
i

Thug L = (Lh Lp)/(Lh - Lp).

L
o,
the parallel

Take care to avoid any coupling beiween L. and L_. Wits incroosing

h b
LY the measurement accuracy decreases rapldly. Fo

L dn parscilel
1

that can just be measured directly at *.¢ upper

N I TSIV
COLLLILLTYIGT .

R - - s b
I ¢Xaninic, . Clld

of 10 # (in parallel with L_ = 1 1) can only be measursd wiia an

h
aceuracy of 110%.

value
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1ih an accuracy of +0,1%,. Zecause of the internal tesv-cireuit

copacitence, the difference betwason the self-capacitances oI -

standard coil Lrt and the ftost coil Lx ahould not bo greater tro- = ok
=]

For example, if the standard coil had a self-capacitance ol 5o 2 and

the coll to be tested or to Le adjiusted h

ad ¢
the comparison measurement would be possible only with or accurasz:
)

spite of widely differing seolf-capacitances of L., and L, with tn
oW “n
uic¢ of an additional capacitance which offsetn the differornce Sa-maur

*a two solf=-capasitances. In the above sxample, an additionusl

racltance of 50 pf would have to be cennocted acrocs the coil ] in

o4
- e
order te equallize the salf-capuioitances,
"o adjust the coll L te & ztandard ] first cenncet L Ll tune

X 5tf T
{2l

vae LHT exactly {or resonsnce. Then replace Lst by Lx o 3
ct

fer resonanoce; inus L= L,
x 8¢
RS Coil-C  Unanurement
b

1

Tvo measurementc and @& simple calculation sre neccscary %o Tind tho

" Y &~ ry o . ~ o fo ot .
“er the first measuremont, proceed us

?

L¥-C, Then rotate the $uring conirol
vesonance 1o ajzain ouininci, the
I0D0ICATI0N contral bolng o ecdjusted thaet tuning i9 vonnillc in 4ho
Gond. Teglon, asoed the {freguency 7 indicated on the scals and

P M PR o e ey e A e £
caisulate the seli-capaciitunce fren

i 2
iy 4
/ : oo s [N
C(‘ - ‘\..,,.:.-_m :')\JU\: - :'u. ‘\A,J“/
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N
o
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-nis formula helds for the Cs values normally oceurring. Tue following

formula should be applied for values higher than about 107 jsB 3

<2

The self-capacitance of 2 coil is obtained more easily and Guickly

[

from the nomograpnh Fig, 5. Due %5 the reading error, however, tre

accuracy ie ther zoorer than that obtained with the formula,

The self~-capacitance ranse begins at 0 pP; toward higher values, it is

Y of the 2041 ¢r ke tested, If the 4 is ins. ficient

the LET will re longer indicate tihe resonance voltage., If +he 8PLTroxi-

of the 251l at F_ i3 known it is possible to find out wi h the
E &

%
eid of Fig., & whether or not the self-capscitance of the 203 can bhe

reasured with tos LRT, Thereis morecver a lowey limit to tne measurement

rear-e, devendent upon the inductance of the coil, since tnce highest

D

test frequenay of is 4.% MHz, i.e., the measurable self-

capacitance decrsases with inereasing inductance, See Fig. =,

wnen measuring the self-capacitance of transformer windinge, refar to

o
5

)

T

section 2.2.%.,7, The #varefprneq caprcitances of the windincs 7ist

Te taksr int- np . 2, ohe srether the ert 2t sne o
Tk v Ce&y, L= lmnpractic:s
O mgasure ¢ lwii~zapacita U 8 wingi " 100 turns an! aprrox.
180 pF, if turne which

has alsg a transformation

. 2 PR SN
self-capacitance of approx. 100 + 100 x 5° = 100 + 2500 =

2600 pF is present across the low-impedance winding. The self-
capacitance of the high-i lmpedance winding, however, is readily

measurable since the transformed capacitance is only approx.

o € -
100/5% = 4 pF,

[
s
S
pe)
g
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2.7.9 ceasivemont, of the Reasonant

I'al @
Rasonant Clircuits

¥ith the selector swlteh at SELE~C, the resonant freqguency of -
parallel reconant oircuit can be measured, or adlusted to n speciiiod

value, {f the capuacltance or inductance of the eircult is variaole,
i

If the resonant freguency of the cireuit under test is entipe -

+

unknown, 1t is advisable to star: looking for the resonanco Doy

-

in the hignest frequency range, 2.7 &

=.5 FHz, to avold tunir. - 4

O

harmonic. It should be borne in mind when measuring resorant clroll s
hHaving a small capacitance that the internal test-cirouit capasitoan o

C¢ = 30 pF s acrezs the circulit, thus reducing the resovant Tronuensy.,

Py

Tilter circulis having a cepacitance C of about 200 pF, ne reiosear

of the rosonant freoquency due to C( i not troublesome since oo, Voo s

78 ocaparitances in the reoeiver sencrully have a vaiue o ooy

froguency error of ths preliminary adustmens is YOI OO

Howaver, 12 the repsonant .egueney ol a frec rasonant circui. 2o o he
determined, firs:t measure the inductance and then calculate the

capacitance T across the coill from

C = —--~l+:-—~— - C,

L actual resonant frequency of the free resonant ci reuit iz ouhor

R g s Ny A L p . Aeiin gl e .
waeTaer tne resonant {roquency can be moasured docpends on the coil &
o

and the rozonant-circuit capacitance C as woll as on Lhe nishcsy
y

edjustable freacuene
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2.2.,10 Degion of Undle wdsh Cawinon 5 drin~ the LRT

For uae in solcctive circuit te, the divsiyp :l:aa factor

tand = o

ol

¢r quality

of coils and chokes iga of interest in adc¢t‘cn to the dnducsianco o,

2 is the seriss resistanca representing the %total.coil loss.

Sincoe tha selecti vits

Y an ogcillator Zircud

@]

iesign the coil = -n

This can be readily sccompiionsd by means of threo poinio ol 4o,

~

urve @ = £ (f) moazured with the LRT if the variation of tus <ipct-
at

(\

ion-factor minimum or Q nmaximum, both in avasolute valu- erc Jreguenoy,

8 xnown as a function of the topper or iron logses,

The variation of thue diseipation footor tand os & function ol winlips

resistance RCu and iron losa RF@ is bvased on the following relations:

Tho winding rosistancs RCu is frequency~indepondent if the okin orlect
i3 naglected (Jig. 10a curve I); the eddy-current losses, which arc the
zaliln componcnt ol the iron lossers, incroase guadratically wivn irogusney
L. 10a curvy 1), By sdding the two curves aond roler,

icim to thoe inductance Ly ths ocvrvae of Pig. 10b is obitaincs. Tns

loosiration factor tand = ig obtainoed by divicin~ the

-
-2
(@]
o
~.

T

= ovalue by w o 257, The

_
trarncsioraed inte branash I falling with —= &nd curve IT of Fiz. i0a,

rising withw gives branch 11 whie) ¢ .
Theoretically there ia thus a definead mininum loss with th: curve
g 0 ~ ’ a Ll rad s
rising at 45 on both sides. Tha mizimum lies at the freguoncy at whiceh

s
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p
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ipacitor cannotl be switor=d ~7¥7. in the SELF-C positio:

>asurement is posaible si:

e wwrniting voltage is nov calibrated.,

16 resonant frequency of tes i tirvcuit can, however, ue varied by

nnecting a known capacitance in parallel or series witi the test-

rcuit capacitor. The diss

118 purpose should not be poc.or than 2,5 x 10"4. Good mica, ceramic

k] P 5

1d synthetic capacitors fo.fi} tr1s condition., Otherwise the zeasurement

curacy would be affected v re conusction of the capgacltor wnen

gh coil Q's are measuvred

nce the § readiy

,_.
e

Sricular voltage divisd

e coupiing o

t
culezisonit gapacitor [ses se~tion 1.4
t

€ vValue messar.

totassrecironis capasitancs aus

Sedunty nf the § measur-as

s e S

Below the LET

{;iiuencz

nnect the following us

Pel Gapseitances Cp toe ithe ta:r o couit

pacitor to aliow Q's bt b SRR LY the LET t-:t 7.2 ueney:
p Y
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£
jee]
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e
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@ has been measured at e o .. vecoinmended fregquencies fme, .

f, the curve can be drave 10 a <hart {(see Fig., 104}, The foll win
y 3 /




tendencies may appear: The test points of curve 1 show clearly that the
zaximum Q must be shifted towards lower frequencies; proceed according
to section 2,2,10.1, Curve 2 is an optimum with respect to fregquency.
Curve 3 requires a shift of the tand minimum towards higher frequencies,
see section 2,2,10,2., The absolute value of Q at various operating
frequencies can be obtained from the curve with an accuracy of about
:15%. To measure the Q directly at the frequency at which the coil is
going to be operated it is necessary to complete the test-circuit
capacitor (5000 pF) to the required capacitance Cy's with which the
coil will be operating and which 1s normally known; the measured

must then be multiplied by the factor

K =

Cy' [pFJ )
5000 pF

2.2,10.5 Design of a Coil with an Operating PFreguency Above

the LRT Test Frequency

Connect a capacitor C as quoted in the table below in series

series
with the test-circuit capacitor in order to reduce the test-circuit

capacitance, Connect the test item Lx and C in series and the

series
free end of the coil to the knurled terminal 14 y that of the
capacitor to the earth terminal, The @ readings must then be multi-

plied be the following factors:

l .
Cseries [pF] Ectest cire. [pF] q k - q -k) Frequency
f | “true read

/
e

TN

0 . 5000

! fLRT
5000 2500 2 f1=fLRT 1.41
2000 1430 3,5 f2=fLRT 1.87
1000 833 6 f5=fLRT 2.45

R 14926 Bl. 28



To meesure the Q at a given frequency first determine the capacitance

to be connected in series with Lx‘ corresponds to the

C .
test circ,
capacitance with which the coil is going to be connected in cceration,

=

5000 pF x Ctest circ, EpF

E

¢ .
series

5]
| IS O

5000 pF - Ctest cire,

N

The measured § must then be multiplied by the factor

Similarly to section 2,2,10.4, the curves obtained by the measurement

show which way the { maximum must be shifted towards the operating

frequency.
3. Maintenance and Repair
2,1 Maintenance

2,11 Storage

The LRT tolerates storage temperatures from -20° to +70%C, The

natural aging of the capacitors and wiring insulations, however,
increases considerably with increasing temperature. High relative
humidity speeds up corrosion and may impair the accuracy of the L and

« adjustments {variation of the self-capacitance and Q of the oscillator
coil)., Care should be taken to avoid condensation of water csused by

a rapid change from low to high ambient temperature,



3,142 Performance Check

As mentioned in section 1.1, the mechanical and electrical design of
the set is such that readjustments will not normally be necessary
after years of operation, Should it nevertheless be desirable to check
the data and tolerances specified in section 1.2, the following
measurements should be carried out at an ambient temperature of 20

to 2500 and normal relative humidity.

2.,1.,2.1 L Calibration Throughout the Frequency Range

The inductance measurement with the LRT is based on the measurement
of the resonant frequency of the circuit formed by the test item Lx

and test-circuit capacitor,

23,1426 1 Fregquency Calibration of the Oscillator

Remove the screws 1 , 5 , 8 and 12 and withdraw the chassis

from its cabinet, Check the frequencies 220 kHz, 200 kHz, 170 kHz,

140 kHz, 120 kHz, 90 kHz, 70 kHz (trimming points of factory adjustment)
in the range 100 to 1000 uH, If the rated frequencies are maintairned

to within 10.4% the inductance of coil L4, capacitance of trimmer C16
and capacitance variation of the oscillator variable capacitor are
correct. In the other ranges only the limit frequencies need te

measured to make sure that the trimmers C13 to C20 and the inductances

of the oscillator coils have not changed.

A frequency meter with an input impedance of 100 k@ can be directly
connected to the collector of T1 (point 13) of the circuit board
6100-6,5 for the lower ranges. The circuit board is fixed to the

range selector Si1. In the three higher frequency ranges the measurement
nust be taken.between the coupling capacitor €25 and the common point
of capacitors C27 to C31. Otherwise the input capacitance of the
frequency meter might slightly change the osillator frequency.

R 14926 Bl, 30



2.1.2.1,2 Checking the Test-circuit Capacitance

Set switch 52 to Q = 100. Take the measurement at f = 10 kiz using
8 capacitance bridge connected between Bul and Bu2. Since the meter

anplifier must be inserted and the set switched on, the vol

o
-

-

')

1

w

(@]

$y)

—

[6]

the test item should not exceed 20 mV¥. This corresponds to
deflection of the meter in the @-EAS. position of switch 37

The rated value of the test-circuit capacitance is 5000 pF +5 pF

2.1.2.1.3% Checking the Self-capacitance

Use the same test arrangement as for 3.1,2.1.2 but ses switch <2 to

SEZLF-C, The rated value of the tsst-circuit self-capacitance is

30 pF +0.3 pr.

2.1.2,2 L Calibration with L Standards

- standards can be used %o check the accuracy of the set. Check the
range limits and two points within esch range. Frior tc this check,
measure the self-capacitance of the 1 standard with the LRT *5 fing
out whether a correction according to 2,2,3,1 is necessary, -f *he
standards have been made for the special purpose and adjucted v means
of an AF bridge, check in any case which equivalent circuit of the
standard has been measured, what is its 4 at the bridge test freguency
and whether the inductance of the series eguivalent circuit must te

converted ihto the inductance of the parallel equivalent circuit

2,1.2.53% Q Calibration

~s described in secticw 1.4, the accuracy of the @ reading derends on
the magnitude and stability of the oscillator voltage, the accuracy

0of the capacitive voltage divider ar: the meter amplifier, Unless

<« standards are available it is therefore necessary to check and enter
into a record the voltages of the irdividual functional groups which

are in given relations with one another,

R 14926 Bl, 31
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2,1,2.3.5 Evaluation of the Results

If the supply voltage Esup required for full-scale deflection of the

meter amplifier is to the various exciting voltages as

216 3 1 100 1 %16 3 1 1000 : 1

@ o
L
™

then the Q calibration is correct.
The measurement of the oscillator voltage has been included in the test

report to facilitate trouble-shooting.

33,1244 Checking the Self-(C Measurement

The frequency caiibration has been checked according to section
3.,1.2,1. No new check is necessary unless the test-circuilt self
capacitance has been changed by soldering connections (change of

shielding). Otherwise check according tc 3,1.2.1.3.

2,1,3 Electrical Maintensncs

In accordance with the sections of chapter 3.1.2 "Performance Check"
the adjustments required to recover the rated values in the individual

functional groups are described on the following pages.

It is in any case advisable to check the test setup for sny possible
sources of error before changing any factory-adjusted value, especially
if there is no manifest cause for the erroneous LRT adjustment.

3,1.3.1 Oscillator Freguency Adiustment

The oscillator adjustment is described for the range IV (100 - 1000 uH)
since the oscillator variable capacitor C23 of the LRT is factory-

adjusted in this range. The upper and lower limit frequencies are
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the variable capacitor is as low as 40 pF, Adjust the frequency to the
rated value with trimmer C16, (Note that the adjustments of 2o1.03.1.1

and 3.1,3.1,2 are interdependent,)

3e1.3.1.3 Adjusting the Oscillator Variable Capacitor

The percentage error does not follow any law, Then the capacitance
characteristic of the oscillator variable capacitor is incorrect,
Remove coil L4, which serves as reference for the adjustmert of the
variatle capsasciter, check it according to 3.1.3.1.1 using a precision
bridge and correct, if necessary. Reset the coil in place, set

pointer 4 to 220 kHz and adjust the oscillator frequency to this
rating :6.1% using trimmer C16, Adjust the other frequencies of the
range successive.y, starting at the high values, by bending the frirnze
plates of the varirsble capacitor. Using tweezers, bend thoce reto
plates which just enter into the stautor at the frequency adjus . -3 for,
The frequency incresses if the distance Ltetween the stator and roter
plate is increased, since this corresponde to a decrease of tre
capacitance cf the variable capscitor. If the distance of the capacitor
plates is decreased the oscillator frequency becomes lower. ifter

this adjustment check the limit frequencies of all other messurerert

ranges,

2.1.3,2 Adjusting the Test Circuit

3.1e3,2,1 4djusting the Test-circuit Capacitance

If the check according %o 3,1,2.1.2 shows an error greater than

:O.}% for the test-circuit capacitance, try to find the cause, €.8. a
loose wire in the test-circuit wiring. After soldering at the
capacitors C34, C35, C36, wait until the components are at their

normal operating temperature bhefore taking a measurement,

The rated test-circuit capacitance of 5000 pF +2 pF can then bte

adjusted with trimmer C35,
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If the oscillator voltage is too high or too low in all ranges, it is
likely that the characteristics of transistor T1 or T2 have changed.,
Adjust the oscillator voltage to its rated value at 400 kHz using
potentiometer R6, If the voltage at R9 found by chécking the operating
point of T1 differs more than 120% from the rating given in the
circuit diagram, replace the two transistors T1 and T2 by the same
types, adjust the AC voltage amplitude to its rating of 2.7 V 15%

and check the operating point of T1, ’

Soldering on printed circuits requires extreme care and special tools.
The temperature of the soldering iron tip must not be tcc high, The
liquid soldering +tin must be removed from the board by means of a
special pump. Then the bent contact wire of the circuit component

can be straightened and pulled upwards. Do not apply force to avoid
damage of the component and of the board.

Next measure the highest and the lowest oscillator voltage for sach

range and check for a tolerance of +8% of the rating.

If during this check the oscillation fully stops for a short time

in a particular range while the frequency is tuned through, check
whether the same occurs in another range at the same position of the
variable capacitor. The cause is in this case usually contamination
of & variable capacitor. A drop of soldering tin, a short end of wire
or even dust usually produces a short-circuit between the stator and
rotor plates only in one particular position of the variable capacitor
and causes the oscillation to stop. Remove the contamination with &
bristle brush but do not touch the cepacitor plates with the shaft,

Do not use compressed air since a strong jet of air may bend the

plates and thus invalidate the calibration.

3,1.3.3.2 Adjusting the Test-circuit Exciting Voltage

If the oscillator voltage amplitude has been adjusted to its rated

value and if the exciting voltages are too high or too low by a given
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percentage for all positions of the coupling capacitors, correct

by means of the coupling capacitor C25 between the oscillator and
test circuit. Rated value of coupling voltage E1 measured between
C25 and C26 to C31 to earth: 315 mV t}% (use the same measuring
instrument as under 3.1.2.3.2). Trimmer €25 is between switch S1 and

the oscillator coil L1.

If the exciting voltage is in error for one Q range or if several
ranges present different errors, adjust the exciting voltages for

their respective ratings by means of the corresponding couplers.,

Position of switch 12 Q@ = 30 @ = 100 Q = 300 Q = 1000
Coupler c30, C31 c29 ; ces ca27
Rated exciting -

|

The coupling capacitors are mounted to an angle piece screwed to
switch 520

B34143.3.3 Adjusting the Meter Amplifier

If the supply voltage required for a meter deflection of 10 scale
divisions (measured according to 3.1.2.3.3) does not deviate more
than t10% from the rating, the overall gain of the meter amplifier
can be adjusted with potentiometer R4S, With the meter amplifier
plugged in, the potentiometer is accessible from above with a

screwdriver through a hole at the side of the oscillator coils.

Wider deviations from the rating suggest a basic defect in the
meter amplifier. The cause may be a strong decrease in gain of a

transistor or a defective rectifier diode in the indicator section.
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If, however, the values measured according to 3,1,2,3.3.2 present
very large errors, the wiring, a coupling capacitor, or & tantalum
electrolytic capacitor by-passing the negative DC feedback may be
defective. In this case check according to chapter 3.4.4 and repair,
if necessary, before adjusting the operating points of the transistors
of the meter amplifier or replacing diodes and transistors. The
location of the circuit components and connections of the circuit
board can be seen on drawing 6100 - 5 Bl, 2. Remove board 6100 - % ty
pulling upwarde. To check the operating points of the transistors

lay the cicuit board on the table and apply a DC voltage of 18 V tzﬁ
to capacitor C53. If the measured operating point of any stage does
not agree with the rating given in the circuit diagram, replace the
transistor concerned by the same type, readjust the operating point
and adjust the overall‘gain of the meter amplifier put back in place
using potentiometer R45. This procedure must also correct for any

errors found according to 3.1.2.3.3.1.

If no error is found by checking the transistors, check the performance
of diodes Gl 7 to Gl 10,

34e10363.3,1 Adjusting the Zero Suppression for the L-YEAS, Position
of the Meter Amplifier

If the performance of the meter amplifier is correct in the @-MZAS,
position whereas the required sensitivity is not attained with

switch 16 at L-MEAS., , either the gain of transistor T8 has dropped
or diode Gl 12 is defective,

If the supply veoltages required for the meter deflections of 0.5 and

10 scale divisions (see 3.1.2.3.3.3. Indication in L Measurements)

are too large by the same amount, it is very likely that the transistor
ig defective, If, however, the voltage required for 0.5 division
corresponds approximately to the rating whereas full-scale deflection
requires too high a supply voltage, the diode limiting starts too

early and the diode must be replaced,
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3.1.3.3,3,2 Adjusting the Input Impedance

If the input impedance, measured according to 3417¢2.3.3.4, has

dropped below the specified value, replace the field-effect transistor
T5. Then adjust the operating point and check the test-circuit self-
capacitance according to 3.1.2.1.2.

23,1.4 Mechanical Maintenance

The drive of the variable capacitor, carriage guide of the pointer
and the two cord drives are lubricated at the factory with a non-

resinous grease and do not normally require maintenance.

3.2 Circuit Description

The LRT consists of the following functional groups (see block diagram,
Fig. 1):

Variable-frequency oscillator with AGC, coupling capacitor, test
circuit, meter amplifier with rectifier and zero suppression, and

regulated power subply.

3,2,1 Oscillator

The LRT test frequency is subdivided into 7 ranges, The oscillator

coils L1 to L7 are switched by S1, selecting the ranges of 1 4uH to 1 H.
The variable capacitor C23 permits variation of the frequency within

a range, The function of the individual components and windings of

an oscillator coil is here described for range 7 (0.1 H to 1 H, coil L7);

it is similar for the other coils.

The oscillator frequency is determined by the inductance of coil L7

1 to 4 (point 1 is taken to chassis) and the parallel arrangement of
C41, trimmer C13 and variable capacitor C23, The capacitance character-
istic of the variable capaéitor being predetermined, the lower limit
frequency of a range is trimmed by adjusting the inductance of the

oscillator coil L7 by means of its tuning slug. The upper rated
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frequency is calibrated by means of trimmer C13 in parallel with the
small capacitor C41. Resistor R17 in parallel with the oscillator
winding permits absolute adjustment of the amplitude and improvement
of its frequency response,

The collector winding (contacts 5 and 7) is decoupled from the
frequency-determining oscillator winding for optimum frequency
stability.

A DC voltage is produced by means of the AGC winding (contact 2) via
diode Gl 4. Together with transistor T2 which forms the emitter re-
sistance of T1 it serves for the AGC of the oscillator. If the

oscillator voltage increases beyond its rating, the voltage of the

AGC winding and, as a result, the voltage rectified by diode G1 4

also increase. Transistor T2 is thus blocked, the quiescent current
of T1 decreases, causing the gain and oscillator output voltage also

to decrease,

Capacitor C1 by-passes the emitter resistance of T1. It must be
: switched for each range since phase swinging occurs if the time con-

stant of C1 and the emitter resistance exceed a given limit,

3,242 Coupling and Division of the Oscillator Voltage

The voltage exciting the test circuit is derived at the collector
winding. The capacitive divider formed by €25 and the sum of the
coupling capacitors C27 to C31 reduces the collector voltage of about
2,7 V to 0.315 V. The voltage between C25 and the common point of
capacitors C27 to C31 is constant and independent of the position of

S2 since the coupling capacitors that are not cut into circuit are

teken to chassis via the switch and the capacitor cut in is also at

chassis potenial via the test-circuit capacitor. Another capacitive

division takes place between the coupling capacitor cut in and the
test-circuit capacitor; this division ratio (i.e. the value of the
coupling capacitor) determines the exciting voltage and thus the

preselected q range.
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if the inctruueny has suffored a heavy shock, say, by I liinc "o
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of switoh 5%,
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2ed43 Repair of the Test Circuit

The components of the test circuilt, air trimmers of the coupler and
styroflex oapacitors are not liable to defects. Therefore, zcfore
checking the test circuit, oheok the amplifier performancs by woers
of a signal fed in from & signal generator. If the meter ampli~<a~
functiona satisfactorily the defect is in the test-circuit wixri .-

or in switoh 52, For repair refer to 3.4.2.1.

2.4,4 Rerair of the leter Amplifier

The replacement of the transistors of the meter amplifier and check

of the rectifier diodes arc¢ describved in 3.1,3.3.3 and 2.1.3%.2.

ol

‘1’«

If the rated performance is not obtained, check the wiring of the

complete group and switch 53,

If no defect iz Tound remove the cirocuit board 6100 -« ¢ Ty rulling
upward and feed a DC supply voltage to capacitor C53 as desorited
in 3.1.3.3.3. Feed a test voltage of 80 mV, f = 10 kiiz to resiscoy Ran.
The reéulting AC voltage at capacitor C54 must be 3,6 V .
DC voltage of 15 V +20% must appear at contact 8 of Bu3. s the
voltege at C54 is much too low or no signal at eall is measuratle, the
defect ¢an bs located by measurements at the coupling capacitors

C46 and C49. Otherwise, i.e. if the voltage at C54 correspcnds to its
rating, check the fcctifior egain, I{ & defective comporent is
raplaced in tho meter amplifier, note what has been said ir 2,1.7.7%.1

about soldering on the circuit ‘vorord.
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Mefbeispiel :
fL =300kHz
fo =2 MHz
Cg=825pF

Nomogramm zur Ermittlung der
Eigenkapazitdt von Spulen

Bild 5.
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Filier <ol

Hectifier

Front view

Front panel

Vopsle switen
ylovier

Germanium diode
Germaniuw diode
Germantum ructifi&r

Jenerator coil

ds

receptacle
L d

P

e

Coupling

Free receptacle
Grid-cirecuit coill
Rectifier

X relay

Mica capacitor
Giow lamp
Reference tube

Incandescent lamp

Heatlsr chnoke

Heater transformer

R 14000 31.3

requency-range, selector



e~ hse
L=l terapule

Hir=Katel
Hoshfrequenzkabel
Hr-Kippschalter

HF~Kelals .
HF-3pule

HF-Teil

HP-Ubertrager
HFF~-Umschalter

hilerzu bes. Stromlauf, Schalttell-
1iste und Stlickliste

Hochpafispule
Hiochspannungsgleichrichter

Hochapannungstra o

Impulstransformator/Impulsiibertrager

in Oerie
Tsclator
isrolicrt elngebaut
Kabel
Kabelbuchse
Fabelstecker
Kaltkatodenrohre
Kammrelais
Yapazltdtsdiode
Katodendrossel

- .
Katodenstrahlrohre
Yennzelchen
Keramikkondensator
kKaramik-Rohrtrimmer
reramikspule
“eramische Durenlihrung
meram. Schelbentrimner
Koer- DBp.-Kondensator

Df-Kondensator

fipnschalter
“latschkondensator
Klein-Flanschdose

Kleinkondensator

ST |
R 4 Tter re
i B!
HF vl

PEow e ewiten
RF relay

RF coil

RF section

RE transformer
R¥ switceh

See separate clircult Cizovras

parts lists
High-pass ilter ceoil
HT rectiffer

HT transformer

Pulse transforoer

In series

Insulator

Insulated

Cable

Cable socket

Cable connector
Cold-cathode valve
Relay

Varactor

Cathode choke
Cathode-ray tubhe
Ref. No.

Ceramic capacitor
Tubular ceramic toimuer
Ceramic coill

Ceramic feed-through

3

Ceramic di

.
LT LT

ol

c

Ceramlc bypass canacitor

Ceramic feed-ihrough capacitor
Ceramlic wafer capacitor

mogmle switch

Bypass capaclter

Keceptacle with sultisccket insert

Miniature capacitor

R 14000 Bl.4



Sintupniungsshecker
Yielnlampe
¥leinrelals
Kletnatufenschaltler

lemmleliste
Kompensatlonsspannung
Kondensator-Aggregat
Konstanthalter
Kontaktfeder
Kontaktleiste
"Koppelkondensator
Koppelschlelfe
Koppelspule
Koppeltrimmer
Kupplungskondensator
Korrektions-Kondensator
Korrektlonstrimmer
Krelsspule
"Kristall-Diode
Kristall-Gleichrichter
Ks-Kondensator
Kunstfolienkondensator
Kurzhubstecker
Kurzschliefler
Kurzschluflstecker
Lackfolienkondensator
Lackkondensator
Laufzeitkette
Lautaprecher
Lelstungspentode
Leitung geschirmt
Leitungskrels
TLeuchtstoff-Climml.

Leuchttaster

Liste besteht aus ... Blatt

Luftabzlelchkondensator
Lufthlockkondensator
Luftdrehkondensator
Iuftiilter

Lufttrimmer

Lifter

sl compecoorn e
Midget damp

Miniature reicy

Mldeoo® ;otary switch
Cerminal strip
Salancing voltage
Capacitor assemb.iy
Stabilizer

Contact spring
Multipoint connector
Coupling capacitor
Coupling loop

Coupling coll

Coupling trimmer
Coupling capacitor
Correction capacitor
Correction trimmer
Circuit coil

Crystal diode

Crystal rectifier
Plastic-foll capacitor
Plastice-foll capacltor
Short-stroke connector
Shorting link

Shoerting plug’ Shorting
Flim capacitor

Film capacitor

Delay line
Loudspeaker

Power pentodae
Shielded cable
Transmission line
Luninescent giow lamp

Illuminated pushbution

oar

List consists of ... péages

Alr trimmer

Air capacitor

]

ble alir capacitor

Vari

2]

Alr filter
Alr trimmer

Blower

R 14000 Bl.5



L4

A S NS T

ML R P TN
Mrasooereliconscnaitar

Mesalelchrichier
Heslmpulsverztzerunyg
Meliscnaller
‘edtransformator
Melverstidrker
Mikrofonkabel
Mikroschaltler

mit Tsolier-Zubehor
mit Skala nach ...
Motorrelais
MP-Konder.sator
MP-Motorkondensator
Nachstimmelnneit
Nachstimm-Kondensator
Nebenwlderstand

Hetz

Netzdrossel

Netzgerat
Netzgleichriehter
Netzkabeal
Netzschalter-Komb:ination
Hetztell

Netzirafo
Netztransformator
Netziibertrager
NIF-8chaltung
Nockenschaltér
Normalkondensator
Ortliche Lage im Gerit
Oszillatorspuls
Oczillographenrdhre
Papier-Df-Kondensator
Paplerkondensator
16-polig
Potentiometer
Prdeisionsdrehwiderstand
Projektionsliampe
Priiffeld

Priifspannung

gMeter amplifier
Microphone cable

Micro switch

With Insulating acoeracs,
With scale according %o ...
Motor relay

MP capacitor

MP motor capacitor
Tunlng unit

Trimming capacitor

Saunt resistor

AC supply

Power choke

'ower supply

Powaer rectifier

Power cable

Power switch assembly
Power supply

Power transformer

Power tranaforser

Power transformer

AF eircult

Cam switch

Standard capacitor
Locatlion in the sot
Cscillator coil -
Cathode-ray tube
Feed-through paper zapacitor
Paper capacitor

16-pole

Potenticmeter

Variable precisioﬁ resistor
Projector lamp

Test department

Test voltage

1 14000 Bl.6



Doy s
[ATREERTS

Juarcthermostat
Quetschkondensator
&
Hohmenkontakt
Rahmenkrelsspule
Hahmenspule
Referenz-lliemernt
Heg=1lampe
flegelteil
Reihienklemme 2 telli.
Relois
Resonanziberbrager

Ringspule

Rohrkondensator
Rohrkreis
Rii~rkansicht
Rundxondensator
Rundrelails
¥%3-Sach-Nr.
Sach-Nr.
Saugkreisspule
3chaltbuchse
Schaltdraht

Schaltebene

]
9
,,.'
&
=
he]
o]
N
i
-~
?

Nt g d g
conanlusanes e

Seneruentriod

e~ b

anichl-Drehwiderstand

Sehdiohiwidersiond

AN - hl
L
Cye NN Lol anoao
o b ” o P B N
stal bandnpass {ilter

tal holder

Teyetal filter

Cven

Bypass capacitor
loop antenna contact
Loop circuit coi’
Loop coil

Reference elemoent,

Pilot lamp

2-point terminal sitrip (or
Helay

Aesonance transiormor
Toroldal coll

Valve (US: tube)

4
i

Lor

Tubular capac
Tubular circult

Raar view

Round capacitor .
Rourui relay

i3 Stock No.

Stock Lo.

Trap coll

[y

Socket {with switching contact)
Jumper

Switen deck

Switen essembly

Dise Lrinmner

Dise-gesl triod
L P U W PSS s e PR R A,
Jariahle depos.-caroven rosistor

i Y -
TY ey em O R, R I S5 T ma gy Al
Dopos.=-caruon raslgtor,/ didm res



camrassEinsals

Senmelzalicnerang

Senutzschaltung

S hwingkrelsspule
Schwingquarz
Schwingspule
Schwingiibertrager
Selenrlelchrichter
Sicherung
Si-Diode
Silizium-Diode
3i-Gleichricnter
Signalglimmmlampe
Signallampe
Si-Kapazitdts-~liode
Skalenendwert
Sxalenlampe
3offittenlampe
Sonde
Spannungsteller
3pannurgswihler

. Spannungswandler
Spitzendiode
Spule
Spulenschalter
Stabilisator
3tabrelais
Starkatromklemme
Steckdose

SrecKer
Steckerlelste
Stnokaleichrichtcr
Steuerquarz

T s e
[SCRVEN A S

Stiftkondensator

Srromversorgungskabel

use

Tuse

Contactor
Protective clrouls
Tank~clroult ool
Oscillator crysta
Oscillator coll
Transformer
Selenium recti{tar
Fuse

Silicon‘diode
Silicon diode
Sillcon rectiriers

Pllot glow lamp

Voitage divider
Tapping panel (Fusc strip)

Voltage transformer

1

folnt-conthet dicde
Coil

Coll switch
Reference tube
Thermal mercury relay
Power termina’

Scoket

Plug .
Male multipolis conncoton
Plug~in type oottt Dlar

cn v e
Oscillator ceyusind

U

in

?in capacitor
Meter

Power cable

Current



-

eiiermyiderstand
Telesfonbuchse, isol,
! tm"" yKontakt :
Thermo-Reials
Theraogrhal ter
Thermostat -Quarz
Thermostattrafo
Tiefpalispule
TP-Filterspule
Transistorpaar
Trimmrert
Trockenelement
Tuchieldose
Trenntrafo
Tiefpass

Trimmer
Trocken-Batterie
Chertrager
Umrilstbuchse, isoln
Unriigt-Dezi fix
Umachalter
Umschaltklemmq
Umsehaltplatte
Varic-Dlode '

Variomoter

Vervindungslascne

Verhindungsstiiek

il YT
verittiar
1r “
.Vl Va8l SN g et d
VTGO as auan

AR + vy
,:Ah‘uuuuuu“ TOKOT Tator

P A -y - A
Jerolnrest., auf

e Vo
Coontiing televhion? jack

Tnermal relay

)
5

Thermal
Cryastal (th@?mrs:.);
Thermostatl *=iu ~omoer
Low-pass {1linr co?’
mow-pass {ilter ~ofl
Palr of transistors

Factory-adlustel -~

.
Dry cell

Tuchel~type socxen

pe A S}
solating transiormer

Dry battery
Transformer

Floating adaplabin socket

Adaptable Dezilix

Switch

Switching panel
Varactor
Varliometer
Varistor
Blower

Patch cord

Connection 141k

Cornectior. cul

Wired accerdineg to ...,

Y o~

Lhioin

Zypnss capacitor .
Yooy v o . v e PN
Factery~adlustea to



|

. ~ i R
O L, . " ‘.

IR CH G

L gyt g Ly

WATIRA L L

Zusatzspule

Zwergyglimmlampe

~onnocolor

i seetlon
Vibrator

Vibrator transforns;
IF filter ccil

IF sectiocon

4

Additional coil

X

finteture glow lams



N S| . . o L -
Sodemanyg s S RS LoD 00T 5
Yoy o L £
VLT QU3 e s Gl e s
r 4 -

Jrohlo

Jrehspulstirommesser

entsprechend ‘'rimmplan abgeglichen

hierzu bes. otiickliste
Kf-Kondeonsaior

Ker. Hohrtrimmer
KT-Kondensator
L-leBgeriit

nit Seele
wKZ«KXondensator
Noetzschaltor
notzspg.

Rindelklemme

schalter

Yerdrahtungsinduktivitit

zusanmen
zusdtzl. 2 Jt. srsatz

zusitzl. je 2 Ot

srsatz

Noving coil reter

P R e
[ S

S B I
Adjustoed

UEE SOCpw LS Liose
wynth.e~Ioil copaciior

Yubular cerenic

o
<
r
N
<

oynthe-foil capacivor
L moter

Yith wire ...
Tynin.-Loll

wetalliizoeo

rower switch

AC supply v.oltage
Xnurled terminal

owitech
trarcistor

silicon

Wiring inductance

Spares

LRares

capacitor

cach



Xﬁ Stick- 1

Kenn- zahl
zeichen

Benennung Sach-As. Bemerkungen

1 2 - 3 s 6 ]

L&

B,u 1 Riandelklemme KLB 14421

Bu 2, . Réic_ielklemme KLB 14421

Bu 3 Kontaktleiste | FUL 30112

¢ 1 MKT-Kondensator | CKG 50054 u 2,2

o
r
+3
1
=
(@]
=]
a
15}
=
[+
o

Yr"
<
H
(@]
b
[

o

O
&

"

N
o

P

C 3 | _ | KT-Kondensator ' CKK 54564 n 200

(9]

KT-Kondensator CKX 54564 cee n 100  Triomwert

| KT-Kondensator | CKK 54564 n 47 .

a
ok

KT-Kondensator | CKK 54564 n 22

2

KT-Kondensator = | CKK 54564 n

€2
n
|
I

Drooe Lotwhnang lot saeer Pigentum Vervielf@ftigung,
sfrafbar und sohadenorsatzpflichtig.

anbefugle Verwerlung, Mitleilung an amderc +f

C8 | | KT-Kondemsator | CKK 62564 n 2,2 = B o

C 5 KT-Kondensgtor | CKK 54564 n 10 - o 7

C10 | | Ki-Kondemeator | ckk s4%64n o

c11 MKT-Kondensator CKg 50054 w 8 o -

1 C14 ! Lufttrimmer | CV 8025 o o
|

| c15 | Lufttrimmer cvV 8025

€16 ' Lufttrimmer lcveoes

c17| | Lufttrimmer GV 8025 , B

| c13 | | Kf-Kondensator | _CKD 2/30/500

€19 ‘ Lufttrimmer
|

i

€20 . Lufttrimmer CV 8025

_CV 8025

And.-| And.-Mittlg. Liste Nr. Liste bostent
2usf. Nr. Datum Namo

aus § Blatt
ROHDE & SCHWARZ |f | 12945 7.67 |Vis 6100 Sa

MONCHEN 13498 1.68 H.U Blait Nr. 4

1COE ‘} Datum Name |

Ersaiz i

geschrieben ‘ 7.6 7 far Liste |

| peertester | Vs NURGHs | Schaltieilists zu

 rin _ L-MeBgerat Type LRT




Mitleilung ea andere 1!

#lrafbar und schadenecaatrpfliohity.

MMMMMW

oabefugle Verwertsag

Benonnung Sach-r. Bemerkungen

s Ty 5 6 N
éKf-Kondensatm_“~ CKD 1/’"»}2?4//'125 - o Trimmwert
Drehko R _
Lufttrimmer - CV 8110 i N
Keramik-Kondensator ceo 11/0,5
Ker.Rohrtrimmer l_C"!’CNY"?j_S?Z‘__pjw e
Lufttrinmer e 8o o
Lufttrimmer L ey eres - o |
Lufttrimmer - v eres
Kf-Kondensator CKD 1/3C/12 1
Keramik-Kondensator CCG 11/0,9 B o
Ker.Rohrtrimmer B CVC 72692 p 9 N . —
Kf-Kondensator CKD 1/...,/125 i Trimmwert |

zusammen
Lufttrimmer i CVC 11512 p 30 5008 pF¥ N
+ 2 /oo;

Kf-Kondensator CKS 52157 n 4,9 ) o ]
Klko CsD 21/250/35 i o ]
Blko cuD 21/250/35 _
Elko CED 21/250/35 - o
Kf-Kondensator _CKD ?/16/12§MM7 L Trimmwert

Kf-Kondensator CKD 1/16/125 s __ Trimmwert
KS-Xondensator CKD 2/1000/125 ]
KT-Kondensator CKK 54564 n 47 o
. Liste besieht
@ f::f- lnd.;ll;f-iﬁlg. Datum Name Liste Nr. o
aus Bloit
ROHDE & SCHWARZ | £ | 12943 7.67 | Vs 6100 Sa —
MUNCHEN 8 13498 1.68 H.W Blatt Nr.
Do | Memih 13805 | 0.68 i Ws fo— T
7.67 far Liste
Vs B BRBeN | Schaitteillizte zu
L-MeBgerdt Type LRT




X .
I%»- S::;I;- Benonnung Sach-Nr. Bemerkungen
zeichen
1 ) 3 4 5 "6
C48 Fantalelko CkU 36443 u 47
C49 MKT-Kondensator CKG 50053 n 470
C51 Kf-Kondensator CKD 1/250/125
€53 Tantalelko CsU 26543 u 100
C54 KT-Kondensator CKa 50053 n 470
055 |  |uKT-Kondensator | CKG 50053 n 470
©56 |  |WKT-Kondemsator | CKG 50053 n 470
~(357 MKT-Kondensator CKG %005% n 470
|
; e €59 Keramik-Kondensator CCG 55/]5 i B )
$:  |c60 |  |Keramik-Kondensator | CCG 55/12 L
is3 < ‘
} .3 C61 Keramik-Kondensator | CCH 11/4
15 e S —
[ STy s - e e e
i:: |
i T B e
i - - - S ——
FHE I - I
—— e _ R _,1_‘ B} _ e
Gl 1|  |Gleichrichter GNB 75541 . }
Gl 3 |Z-Diode ZX 18 |Gl 25640 1 18
Gl 4 Ge-Diode V4 995 GG 17420
‘%’ f::tr And.;ll;llmlg. Datum Name Liste Nr. - Liste besteht
aus Blatt
ROHDE & SCHWARZ | £ | 12943 7.67 | Vis_ 6100 Sa
MUNCHEN h (13805 | 6.65 s | it e, 3
1CDE Datum Name . e e
- geschrisben 7.67 i ]Ed'r‘ ¢L'Ifm i\
’ bearbeitet ) Vis DRI | Schaitteilliste zu
gopraft L-MefSgerdt Type LRT
- normgepriift ’




e

B0v00 Povbaung N saver Pigesion Vervielléiivgeay.

vabofugle Verwerluag,

e

Miftaibung on  andece

slrafdar und sohadenersalspfliehitig.

,g”_ 3:‘:’:"‘:' i BPensunung Sach-Nr. Bemerkungan

2eichen :

T Ty T 5 ] -
| | ’ )

317 Ge-Diode OA 95 GOl 1742GC

sl 8 Ge-Diode O/ 95 GCu 17420

gl 9 (Ge-Diode Ui 95 GCo 17420

G110 Ge-Diode UA Y5 GCu 17420

G112 Ge-Diode VA 95 GCu 17420

J 1 Drenspulstrommesser JPs 10...

X 1 HF-Kabel LKK Y1onc

K2 ﬁngabel ' LKK 91ooo

K 3 |  |HF-Kabel { LEX Y1000 mit Seele LD 208

[ SO R o R— R I

L 1 Schwingspule (Gr.) 6100 - 6.11 hierzu bes.Stiickliste

L 2 | |Schwingspule (6r.) 16100 - 6.12 | hierzu bes.Stlckliste

L 3 | |schwingspule (Gr.) 16100 - 6.13 | hierzu bes.Stlckliste

|

L 4 |  |schwingspule (Gr.) 6100 - 6.14 | hierzu bes.Stlckliste |

L 5 | ﬁchwingspulgm(Gr.) ‘§1QQW1 §:}5‘WW__ hierzu beg.Stuckliste |

L6 | lIschwingspule (Gr.) 16100 - 6.16 i nierzu bes.Stiickliste |

L7 Schwingspule (Gr.) 6100 - 6.17 %hierzu bes.Stiickliste

ROHDE & SCHWARZ

And.-
zust.

And.-Mitttg.
Nr.

Datum

Liste Nr.
Name

f 112943

7.67

Yis

MUONCHEN h

13805 | 6.58

ds

1CDE

Datum Name

geschrieben

7.67

Ersaiz h
far Liste

| bearbette!

Vis

6100 Sa

Liste besiehs

aus Blat!

Blatt Nr.
4

N
1

M / Sch

goprift

normgepri

aft

altieifliste zu

L-MeBgerdat Type LRT




zeichen |

o
WK

Kenn-

Stick-

) Bonanrun
. zchi ranning

Bemerkungoen

bearbeitet

Ns

DSKRIRDE | Schaliteilliste zu

— = e e e P : —
i Verdrahtungs- i entsprechend Trimmplar i
Ls induktivitdt abgeglichen ;
S T A N B e
g
R 1 Schich%widerstand f
R 2 Schichtwiderstand - !
R 4 | Schichtwiderstand ¥ 921 B 270 1
R 6 | Schicht-Drehwiderst.  VSG 13010/ &
.- R T Schichtwiderstand CWFL 327 k C7o
sf Iz ‘Schichtwiderstand CWFE 227 kOt |
$52 | 'Senichtwiderstand CWFL 32 K |
' ;‘E j . et e e a L m © e s e AR A Lt SR ,E, - - [— . - —_ ' — — e e
it | |
“-¥ = | e e e i s i e S R - - . - o PR _—
£5: |mi Schichtwiderstand | VFE 321 k 10
3 P dei o xY . A BT
5% R12 schichtwiderstand = UFk 421 & 27 ] 7
1% 3
dz [ S TS e B m_ . e
R14 | schichtwiderstand WFE 321 € 10 e
®15 | Schichtwiderstand | VFE 321 k 1 . R i
K16 Schichtwiderstand ' VFE 321 & 470 I
E ‘ |
R17 'Schichtwiderstand = WFE 521 M 18 . Trimmwert
R18 Schichtwiderstand VPE 321 M 4,7 Trimmwert
R19 Schichtwiderstand % WVEL 321 M 4,7 Trimmwert
RrR20 Schichtwiderstand CWFs 321 M 4,7 Trimmwert
i
R21 Schichtwiderstand | VFE 321 L 330
|
i a4
/ And.-| And.-Mittlg. § Liste Nr. Liste besteht
% Zust, Nr. Datum i Name
: aus Blatt
ROHDE & SCHWARZ | £ 129431 7.67 | Vs 6100 Sa
MUNCHEN | Blatt Nr.
1CDE Datum i Name | N; ) e e - S I -
geschrieben 7 .6 7 o :~ T g:%ite i
|
i

a

L

geprift

ormgeprift

L-MeBgeriat Type LRT




Datvgcse Nr. geschrisben 7. 6 7

SRRV IESS

ﬁ Stach- Benennung

Kenn- zehi
zeichen

Bemarkungan

{Nere Joichnung it wunser | igentum Verviel[ditiqung

Al

; ,2 —_ e 73 - ’X’ : o . B ’ e e e w,g,ﬂ A‘ - “ — P .

R28 Schichtwiderstand 7 Pk
R29 Schichtwiderstand CWEe 321 @ 20
R31 Schicht-Drehwidersi TEL e b %

N R34 Schicht-Drehwiderst. | V&G

i I35 Schichtwiderstand Rl

S ik Schichtwiderstand S SR s

§§ R38 . |Scmichntwider vand R

§‘ “ T - T R ~ ""‘é" - - I T T

H R40 |  |Schichtwiderstand oLzt [ R
R41 Mwur§gp;chtwiders§andﬁmuV 5 7 o .
R42 |  |Schicht-Drehwiderst. 20, -
3§§ h_rSchichtwidergﬁgggmwm e - o
R44 | |Schichtwiderstand R ]
R45 | iSchicht-Drehwiderst. ol e
R4T Schichtwiderstand UPL LT R 1,5
R48 Schichtwiderstand 21 oW 22

Jnd.| And.-Mittlg. , I e Lista bestoh?
2ust. Fr. Detum PR ]
S - aus Biatt

-Pause Nr.

ROHDE & SCHWARZ | £ 12943 |
MUNCHEN

1CDE Datum Name

Blatt Nr.

~t Ersatz
far Ligta j

bearbeitet Vis

gepriift

normgeprift

LRT




Verwertung, Mitteilung an  andere st
strafbar und sohadenersatzpflichilg.

Disos Iolobaung iof enoer [igeatem Vecviellditigung,

anbefugle

,ﬁ_ S;ic;kl- Benennung Sach-Nr. Bemerkungen
zeichen
1 2 3 4 5 5
BS1 Schichtwiderstand WFBE 321 k 470
RS2 Schichtwiderstand WFE 321 k 10
R53 Schichiwiderstand WFE 321 k 2,2
R54 Schichtwiderstand | WP 341 k 150
R55 Schicht-Drehwiderst. | WS 9126/10 k
R56 Schichtwiderstand WFE 321 k 150 Trimmwert
R57 Schichtwiderstand WrE 321 ¥ 13 ¢
R58 Schichtwiderstand WFE 321 & 15 |
v - S . |
R59 Schichtwiderstand VEE 327 M o, 8 xrlmmwert |
R60 Schichtwiderstand WFs 321 k 100 Trimmwert
R6 1 HeiBleiter YIHD 229/*0 k,TQ
R1 1 Kleinlampe RLT 32400 B E_fysuuzl 2 St.xrsatz
S 1 Schalter {(Cr.) 6100 - 6.18 hlerzu ves. Stupkllb
S 2 Schalter (Gr.) £100 - 1.11 g hierzu bes.Stickliste
s 3 Stufenschalter SRV 12560 | Achg-L = 22
S 4 Spannungswihler PD 60502 |
e} o R JUN—— AI —_ . —
5 5 Netzschalter SDE 32012 }
- |
S A?, e .
"M 0,1 ¢ DIN 41571 ) 11 f??és v -
Si 1 Schmelzeinsatz M 0,05 C DIN 41571 j 220...235 ¥ Netzspg.
lx} zuSatzl.we 2 St.
! krsatz
@ izg' And.;vl;-f.lmg. Datum Noms Liste Nr. Listo besteht
aqus Blatt
ROHDE & SCHWARZ | £ 12943 | 7.67 | Vis 610C Sa e
MUNCHEN g N3498 | 1.68 | HW Blatt Nr.
1CDE Datum Name 7 B — - L
geschrisben | T .67 . fEé,r‘ ?Iih 1
boarbalte! Vis Db / Schalifeitlisle zu
goprift L-MeBgerdt Type LRT
P
noermgeprift

- ek AR B



| o | saeh- Banenn Sack-¥r Bemeckun
| Kenn- zahl ung . ' gen
i zeichen
1 2 3 4 ; ]
i St 1 Gerdtestecker FES 21000
|
T 1 Si-Trans. BFY 19 GUQF 24346
T 2 Si-Trans. BFY 39 III Gl 25443
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