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GENERAL

1.01

1.02

This sectlion is intended to provide F.sA borrowers, consulting
engireers, contractors and other in.erested parties with
technical information for use in meking insertion loss measure-
ments. It discusses in particular the method underlying the
measurements, selection of test equipment, calibration of test
equlpment and gives representative examples encompassing
typical REA facilitiles. It also defines terms used in con-
Junction with these measurements.

This section does not contain information on when measurements
should be made or what corrective procedures are to be employed
if the measurement results indicate maltfunctioning equipment or
faulty facilitles. These are covered in other sections of this
manual and in appropriate REA recommended equipment, construction
and service contracts. It does, however, provide means of
checking whether the measured insertion loss of facilities is
reasonably close to normal.

DEFINITION OF INSERTION LOSS

2.01

Insertion loss 1s the loss (in decibels) which results when a
network is introduced between a supply and a load. For the
measurements considered in this section the supply will always
be an oscillator and the load a resistor shunting an a.c.
vacuum tube voltmeter @.c.-vtvm.)

DEFINITION OF DEM

3.01

3.02

Zero dbm (O dbm) is & reference level and denotes a power
level of one milliwatt into a 600 ohm resistor. DBM is always
measured across a 600 ohm resistive load. All power levels
above zero dbm are plus and all below minus. The relation
between r.m.s. volts across 600 ohms and dbm levels is shown
Table I for levels ranging from +30 to -90 dbm. (2&.5 to
0.0000245 volts).

All measurements in this section will be limited to insertion
loss between a 600 ohm resistive source (oscillator) and a
600 ohm load (resistor shunted by an a.c.-vtvm). The a.c.-
vtvm dial may be calibrated in volts; or in volts and dbm; or
in dbm.
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3.03 Examples Showing the Relationship of dbm Versus r.m.s. Voltage
Across 600 Ohms.

Example 1. Conversion of Volts Across 600 Ohms to DBM

12,4, 0.775 and 0.00162 volts r.m.s. are read across a 600
ohm resistor at various stages of a test; what power levels
in dbm are indicated by the voltage readings. From Table I:

Volts across 600 ohms Page No. Power Level in dbm
12.k 48 +2h. 1

0.775 49 O  ANS.
- 0.00162 52 -53.6

Example 2. Conversion of DBM to Volts Across 600 Ohms

An a.c.-vtvm calibrated in dbm reads the following for three
different measurements: +14.2, -11.7, -36.4. How many volts
across 600 ohms does this correspond to? From Table I:

Power Level in dbm - Page No. Volts Across 600 ohms
14,2 L8 3.97
-11.7 50 0.201  ANS.
-36. k4 o1 0.0117

Note: Care should be taken in selecting resistors for
carrier frequency measurements. Every resistor has a
frequency characteristic where, not only does the value

of the resistance change as the frequency 1s raised, but

it acquires a reactive component at some frequencies leading
to error; this is particularly true of wire-wound resistors.
Even some so-called "precision" resistors exhibit such
characteristics in the carrier range. If the composition
or frequency characteristic of such a resistor is not known,
a carbon reslstor whose d.c. resistance 1s closely known 1is
to be preferred.

AC VOLTMETERS

4.01 Non-Vacuum tube or non-transistorized types (v.o.m.)

4,011 It is possible to use a "v.o.m." type meter (non-vacuum
tube or non-transistorized a.c. voltmeter) for
measuring dbm levels 1f three conditions are met:

1. The frequency range of the instrument is not
exceeded.

2. The sensitivity (ohm per volt) of the instrument
is high enough.
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3. The accuracy tolerance is adequate within the
assigned range of the first two conditions.

4,012 Such instruments usually have a narrow frequency
range, low sensitivity and their accuracy is poor
for the requirements in this section, particdlarly
above 20 ke/s. It is not recommended that v.o.m.'s be
employed for such measurement unless they are
calibrated at all frequencies where thelr use is
proposed, against a known good a.c.-vtvm.

4,013 VOM type meters with accuracies of a few percent
within thelr assligned range are avallable., They
may be used therefore only if the frequency is low
enough, the level to be measured high enough, and
the sensitivity high. They are not recommended for
most of the insertion loss work covered in this
section. ,

4,02 Vacuum Tube or Transistorized Types (a.c.-vtvm)

4,021 The voltmeters of this type are characterized by
very high input resistance, wide frequency range,
and extreme sensitivity. '"Loading", therefore, of
the 600 ohm resistor is entirely negligible within
the assigned frequency range. Simllarly the power
level required at the input to deflect the meter is
in the micro-microwatt range, since the instrument
provides electronic amplification. These ac-vtvm's
may be a.c. or battery powered. An accuracy of 3%
is considered adequate for the type of measurements
discussed in this section and it is readily available.

4,022 fThere are also vtvm's which measure a.c., d.c. volts and
d.c. resistance. They have very limited use in
insertion loss measurements due to thelr low
sensitivity in the a.c. range. Thelr most sensitive
a.c. range rarely goes below 1.0 volt full scale. Their
main field of application is in the measurement
of d.c. voltage and reslstance and are generally too
insensitive for insertion loss measurements.

4,023 While this section is not intended to be a specification,
the characteristics that an a.c.-vtvm should have for
measuring physical and electronic telephone plant (with
the exception of VHF and UHF radio frequency measurements)
are approximately as follows:
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Instrument measuring a.c. voltage only.

Minimum frequency range 20 cps to 500 ke/s
Minimum full-scale deflection 0.001 to 100 volts

Minimum input resistance 10 megohms

Maximum shunt input capacitance 25 micro-mlcrofarad
Minimum full scale accuracy Not over 3% error

4. 02k Some of these types of instruments which appear
suitable are the Hewlett-Packard Models 400D
a.c.-vtvm and the battery operated transistorized
Fischer Research Laboratory a.c. millivoltmeter.

5. OSBCILLATOR CHARACTERISTICS

5.01 The oscillator should have an output waveform that is
substantially that of a sine wave and its output frequency
should track the frequency indicating dial within a few
percent. Measurement procedures for determining these
are more complex than those which would normally be
expected in small telephone company operations and
therefore will not be discussed here. The best way a
purchaser of an oscillator has of assuring itself of
good waveform and frequency tracking is in purchasing
the products of reliable suppliers only. In the event
that a borrower or an engineer owns an oscillator about
which there may be some doubt it probably will be found
that one of the bigger telephone companies will lend
assistance in determining these characteristics since
they usually have the instrumentation and personnel
capable of making such measurements. As a general
principle if such an opportunity affords itself it
should be taken advantage of regardiess of whether
the oscillator is suspect or not.. It is good practice
to calibrate instruments every year or so and this is
true for other instruments beside oscillators.

5.02 Frequency Range

The frequency range of the oscillator is usually determined
by the operating frequencies of the equipment in plant,
especially wire line carrier. For the types of carrier
used by small telephone companies today a range of 20 cps
to 500 ke/s is desirable.
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5.03 Balance of Output Terminals

It will be assumed herein that the output terminals of the
oscillator are unbalanced to ground, that is, one of the input
terminals should be grounded for proper operation. Although

some types of oscillators have a pair of "balanced" terminals
available care Should be taken that the manufacturers' instructions
regarding limitations of balance are followed as some oscillators
present a "balanced" output only at maximum levels.

5.04 Internal Impedance and Output Voltage

The internal impedance should be 600 ohms and substantially
resistive. Maximum open circuit output voltage should be not
less than about 15 volts.

5.05 While the following is not intended to be a specification, the
characteristics that an a.c.-vtvm should have for measuring
physical and electronic telephone plant (with the exception of
VHF and UHF radio frequency measurements) are approximately
as follows:

Calibration Accuracy: + 2% under normal amblent temperature
conditions.

Frequency Distortion: Less than 0.5% over entire frequency
range and independent of load
impedance.

Frequency Response: + 1 db over entire frequency range
with 1000 cps taken as reference.

Frequency Range: 20 cps to 500 ke/s in 4 or more
ranges.

Open Circuit Voltage: 15 volts min.

Internal Impedance 600 ohms, resistive over the
frequency range.

5.051 An example of such an instrument which appears suitable for
the measurements herein is the Hewlett-Packard Co. Model
200CD oscillator.

5.06 Measurement of Oscillator Internal Resistance. Measurements should
be made to establish the internal resistance of any oscillator to
be used for insertion loss measurements described herein. Paragraph
5.061 which follows describes a method for determining the oscillator
internal resistance and gives step by step instructions.* For the
measurements in this section an oscillator with an internal
resistance between 570 and 630 ohms will yield sufficiently accurate
results. Later sections describe treatment necessary on oscilllators
falling outside this range.

¥Example 3, paragraph 5.062 provides an illustration of the above method.
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5.061 Measurement of Oscillator Internsl Resistance.

This method for determining the oscillator internal
resistance may be employed if a carbon resistor
between 500 and 70O ohms whose value 1is accurately
known by Wheatstone bridge measurements is available:

—TTTTTTT
{

{ |
’.'Dll
el

o]

L
Oscillator
- A -

Per Figure A.

Per Figure B.

Per Figure C.

FIGURE 1

Set oscillator to frequency of interest.
Set oscillator output to maximum value,
with output terminals unconnected.

Connect a.c.-vtvm across output of
oscillator, and read the open circuit
voltage, Vg.

Without changing the oscillator output
level, place a resistor (Ry) whose value is
known accurately (1%) across the terminals

of the oscillator.

Place the a.c.-vtvm across the resistor,
Read Vi in volts. (Vi should be preferably
between one quarter and three quarters of
V,). If it is not, repeat step 4 with
another resistor which will yield such
reading of V;.

Oscillator internal resistance is:

v
R, = R £ - 1
& 1 v, In Ohms

Repeat the above procedure for each
frequency of interest.




REA-TE & CM-LO7

5,062

Example 3 Measure the internal resistance of an oscillator,

at 330 ke/s. A carbon resistor marked as 680"
ohms is on hand and measures 667 ohms on a d.c.
Wheatstone bridge.

Fo - - s -
A A S p— e —
1 t
R i R 1 i
i s ! P28 1.3 | £ |
! | u I | Volt ! pot
% Vg : | Vg ) oLts : Vg Chms
| { 3 -t AR S e pay
______ .} S | . e e e e
Osciliator Oscillato = gsciilator a.c.-vtvm
a.c,-vtvm
- A - -B - -C -
FIGURE 2

Per Figure A.
1. Set oscillator at 300 ke/s.
2. Turn output control to maximum.

Per Figure B.
3. The a.c.-vtvm across the oscillator
terminals reads 12.3 volts.

Per Figure C.
4, The a.c.-vtvm across the 667 ohm
resistor across the oscillator
reads 6.50 volts.

. R =667(2:3 _1
5. R, 7( = )

fl

667 (1.892 - 1)
667 X 0.892
= 595 Ohms ANS.

Note: The value of 6.5 volts is within the one
gquarter to three quarters the oscillator
open circuit voltage.
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5.07 Treatment of Oscillators Having Internal Resistance Qutside
the 570 to 630 Ohms Range.

5.071 As mentioned before, a value for oscillator internal
resistance between 570 to 630 ohms 1s considered
sufficiently accurate for all the insertion loss
measurements outlined in later sections of this manual.

If the internal resistance falls outside this range,
the oscillator may be treated with external resistors
to, in effect, establish a new set of output terminals
which will fall in the desired impedance range.
(570-630 ohms).

5.072 It is to be noted that these procedures to be outlined
are a nulsance at best, and it is not recommended that
an osclllator possessing such characteristics be
purchased by an REA borrower or consulting engineer
for insertion loss measurements. The treatment of
such oscillators is outlined here to remedy situations
where such an oscillator has been acquired in the past.

5.073 Oscillator Internal Resistance Between 509 to 569 or
631 to 698 Ohms.

If the method outlined in par. 5.061 or Example 3
indicates the osclllator internal resistance to be
outside the limits of 570 to 630 ohms, a 5 db 600 ohm
pad can be connected to the output terminals of the
oscillator to bring it within the 570 to 630 ohm
-range. This treatment is illustrated below in

Fligure 3.
_____ T (T TT e e —
B A
Rg Ohms Ohms New "oseillator

output terminals"

i
!
]
l
!
|
|
i
I
!

L.

| b e o ot e o e e b - —— —
Original 5 db, 600 Ohm pad

Oscillator output All resistors + 5%
terms. -
FIGURE 3-A

- 10 -
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5.07T4 The effect of the 600 ohm 5 db pad is also to reduce
the avallable oscillator power to a 600 ohm level to
as much as 5.2 db. It becomes, therefore, important
after treating the oscillator to check its new output
pover to determine whether a level of O dbm can be
obtained. This is accomplished by connecting a 600
ohm resistor across the new "output termlnals" and
shown in Figure 3B.

—___:::;}' AAWA % VNN -

l -

! R s 168 n 168 n
8

| g |

: |

x N l

—— e e L

‘Oscillator

FIGURE 3-B

5.075 Oscillator Internal Resistance Any Value Outside
570-630 ohm Range.

This method has no theoretical limitations as to
the value of oscillator internal resistance which
can be corrected. Again, however, it should be
borne in mind that if the oscillator internsal
impedance is considerably higher than 600 ohms
little power will be delivered from the new
output terminals to an external 600 ohms load.
Therefore a 600 ohm resistor should be comnected
across the new oscillator output terminals to
indicate if the oscillator 1is capable of
providing a reference level of at least zero dbm.
The procedure is outlined below in Figure k.

_______ A
™ 7
L DRy T R 2%
| !
! : { 8.C.= Vi Oscillator
| L AN p Output
. I " Terminals
| .Jj__.__
Oscillator™ - A -
FIGURE 4-A

- 11 =~
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Per Figure A 1. Turn oscillator output level
control to glve 1.55 volts on
a,c.=-vtvm.

Per Figure B 2. When external 600 ohm load (R;)
is connected across the new
oscillator Output terminals, A
and B, increase oscillator output
level control to maintain the
original 1.55 volts (V1) across
the oscillator output terminals.

3. Read the voltage Vo across the
600 ohm load resistor Ry,
directly in dbm on the a.c.=-vtvm.

5.0751 Figure L shows the a.c.-vtvm set to 1.55 volts.
It is to be emphasized that the setting of the
a.c.=-vtvin 1s to be maintained constant at 1.55
volts by varying the oscillator output level
control under all measurement and calibration
conditlons or this method of correcting for
internal resistance outside the desired range
1s not valid. In addition, 1f the 1.55 volts
can be maintained when a 600 ohm load resistor
is placed across the new output terminals, the
oscillator is capable of delivering zero dbm

. into a 600 ohm load.

5. 076

Oscillator

Example 4, Measurement of Oscillator Internal
Resistance (Between 631 and 693 Ohms)

It is desired to measure the internal
resistance of a certain oscillator at 1 ke/s
to find out if any treatment external to its
terminals 1s necessary. A carbon resistor
marked as 560 ohms is found to be 558 ohms
with a d.c. Wheatstone Bridge.

Y
E ! t ‘
I 3Rg
Volts | 'Ohm Volts
| ! i i ;
i i ‘
a.c. | AJ i —-whljngjt.
L vtwm T = vtvm
- B - -C -
FIGURE 5

- 12 -
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Per Figure A: " Set oscillator to 1 kc/s and turn output
control to maximum.

Per Figure B: Reading on a.c.-vtvm open circuit = 11.2
volts.

Per Figure C: Reading on a.c.-vtvm across 558 ohms =
5.0 volts.

= 558 (-1-1—2 - ) = 558 X 1.2k = 692 volts

The internal resistance of this oscillator
is outside the accepted 570 to 630 ohm range.
It may therefore be treated by elther of

the methods shown in Figures 3 and 4. ANS.

5.077 Exa@pié 5, Messurement of Osclllator Internal
Resistance. (Outside the 510 to 690 Ohm

Rang 2.

The internal resistance of an oscillator is to be
measured at 10 ke/s to find out if any treatment
external to its terminals is necessary. A carbon
resistor coded 820 ohms is found to be 815, ohms
with a d.c. Wheatstone bridge.

iy 1 i ap F——-2 l_,
‘ | a ‘ | I !
| R | | ! . | i
! g | | $Bg 1 [ Rg B15
| ! ' Pl 19.hy | 10.1
\'4 i i | : i o)
| g | , s | ! Volts
| | i g i | T
: : ' ' ] a.c. : L ;
[ i b = vt o _ % g .-
Oscilistor  Oseillator Osciilatoy o2°Cr-vEVR
' FIGURE 6

Per Figure A: Set oscillator to 10 ke/s and turn output
level control to maximum.

Per Figure B: Readlng on a.c.-vtvm on open circuit
19.4 volts.

Per Figure C: Reading on a.c.-vtvm across 815 ohms
10.1 volts. .

= 815 (. 9.k 1] 815 X 0.92 = 750 ohms
10.1

The oscillator should be treated by either
of the methods shown in Figures 3 and 4. ANS.

- 13 -
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5.076 Examplelé. Power Output Capability of Oscillator Having

Internal Resistance Greater than 696 Ohms.

To determine if the oscillator of Example 5 is capable
of delivering O dbm or greater into an external 600
ohm load, Ry, after treatment external to its output
terminals has been applied according to Figure 7.

??E?%%?E?ﬁ__ R, = 600 Ohms

e AW S——
|
4 Rg ! ' 1
| 75 Ohms |
| v [ a,c. -vtvml 600 %‘ .C. -v—tvm2
: g i Ohms
| 9.4 v | ] T
i - FIGURE T ¥

Solution. It is not necessary to find this out by direct

measurement although it may be verified in this
manner. An easier method allows to calculate this
from Ohms' law since Rg and'Vg are now known.

Current in Ry = Vg = 19.4 = 9.95 ma..
Rg + Rg + Ry, T50+600+600

Voltage drop in Ry, = 1y, X Ry, = 0.00995 X 600 = 5.96 volts

From Table I this 1s about +17.7 dbm.

The osclllator is therefore capable of delivering in excess
of zero dbm into a 600 ohm load; it may therefore be
considered suitable.

5.079 Output Power Levels Other Than Zero DBM for Oscillators

Treated per Figure 4,

If other dbm levels at the treated oscillator output
terminals are desired thelr appropriate voltage readings

can be found from Table I. Note that 1.55 volts in the

same table corresponds to +6 dbm. This is also in accordance
with the half-voltage method which states that the oscillator
output level control on: open clrcuit should give a voltage
reading that is 6 db higher than that desired into a

600 ohm load (note also that the a.c.-vtvm 1 in Figure

T is not across the load above). Although using dbm

- 14 -
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(600 ohm) tables in this menner may be questioned,
the fact that we are only considering differences in
level, (db's rather than dbm's) justifies it. The
above procedures are sliéhtly modified where
repeating colls are required, as discussed below.

6. D.C. "HOUSEKEEPING"

6.01 Where measurements of facility (outside plant) insertion loss
are to be made, the importance of the facilities belng in a
good state of d.c. housekeeping cannot be overemphasized.
These facilities should be free from opens, shorts, crosses,
grounds, lesks, or split pairs. Procedures toward that end
are outlined in appropriate TOM and TE & CM Sections.

T. WHAT FACILITY INSERTION LOSS INCLUDES

7.01 In general, facility insertion loss 1s not the same attenuation.
Attenuation may be thought of as a speclal case of insertion
loss where the characteristic impedance of the facility is
the same as the lmpedance of either the oscillator or the
load. For the measurements outlined herein, this value of
600 ohms resistive is closely approximated at carrier

frequencies in open wire lines average-spaced between 8 and
12 inches.

T.02 Facility insertion loss includes:
1. Attenuation.
2. Reflectlon at the sending and receiving ends.

3. Interaction between the sending and receiving ends as
modified by the intervening network or facility.

4, Absorption Peaks where the facility is open wire.

T.03 The attenuation for most non-loaded facllities used by REA
borrowers is contained in REA-TE & CM-406, Attenuation Data
and that of loaded facilities is found in REA-TE & CM-431,
Voice Frequency Loading for Trunk Cables. The data is gliven
at a specific temperature as indicated in each table, and,
for open wire under "wet" conditions. Usually facility
insertion loss 1s measured at some temperature other than
specified 1n the attenuation tables and for dry weather.
Therefore in order to be able to estimate a Teasonable
value for attenuation under measurement conditions, some
correction factors will have to be applied to the published
data.

7.04 Table IT herein gives factors which may be used to correct
data on "wet" attenuation to "dry." Although the values

- 15 -
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applying to open wire in Table II (and Table IV, below) assume
8 inch spaced facilities, they may be applied to 12 inch
spaced facilities with small error.

Table III herein gives factors which may be used to correct
approximately for temperatures which are different from those
stated in the attenuation tables. From this table, a
"temperature correction factor" may be obtained using the
followling formula.

Fp = 1 - Tp - TR
100D
Fp = Temperature correction factor.
Tp : from REA-TE & CM-L06.
TR = Temperature recorded during measurements 1in degrees
Farenheit.
D = Approximate number of degrees Faremheit change in

temperature for 1% change in attenuation. From
Table III.

To obtain the estimated attenuation of the facility being
measured, multiply the attenuation shown in the table in
REA-TE & CM-406 by Fp and the length of the facility in miles.

Reflection Losses are the result of impedance mismatches
created by the Joining of dissimilar facilities. In effect
they place impedance irregularities in an otherwise smooth
line so that current traveling down in the line is reflected
back towards the sending end and therefore constitutes a loss
in the useful amount of energy that can be delivered to a
load. It is of course different for different frequencies
since the impedance of these facilities is a function of
frequency. These losses, in the case of such diverse
facilities as cable and open wire tend to increase as the
frequency 1s increased.

It 1s possible, however, 1n some instances for the magnitude
and phase of these impedances to combine in such a manner as
to produce a reflection gain. Reflectlon losses up to

400 kc/s are included herein as Table IV, and given for
several frequency ranges, where the reflection losses between

.some facilitles change significantly. For more accurate

results (not warranted in the usual case of checking the

- 16 -
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results of measurements) interpolation may be employed. For
example, 1f the reflection loss between 22 gauge cable and 600
ohms is desired at 65 kc/s the average of the reflection losses
shown in Table IV, at 30 and 100 kc/s may be taken as (1.9 +
2.5)/2 = 2.2 db.

Interaction Losses. Interaction losses are a further extension
of reflection losses. They represent the sum total of all
possible reflectlons traveling back and forth in the line as

a result of impedance mismatches between the generator, facilities
and load as modified by the attenuation of the line. 'The
relation which describes interaction losees is a highly
complicated one and unlike the reflection loss is not readily
adaptable to calculation. Based on a limited number of
calculations on some facilities used by REA borrowers, the
interaction loss can apparently cause the measured insertion

loss to be different from the sum of attenuation plus reflections
by as much as one db for each facility in the line. This is

true where the line insertion loss is less than 10 db. For

line losses greater than about 10 db, interaction may safely

be ignored in insertion loss measurements.

Absorption Peaks will occur in all transposed open wire pairs
at some frequencies and when they do will always cause a
transmission loss. Though the physical phenomenon of the
absorption peaks is not very well understood it, manifests itself
as follows in an open wire line: Undesired coupling from one
pair to other pairs (not necessarily the adjacent pair) results
in energy loss at some particular high frequencies msking the
line attenuation in excess of its normal loss and in a very
uneven manner so that the attenuatlion-frequency characteristics
resemble a set of peaks and valleys. The severity of these
absorption peaks and also their shape depends to a great extent
to the transposition pattern used and the geometry of the open
wire line., Absorption peaks can be severe and where insertion
loss at carrier frequencies shows a loss not accounted for by
attenuation, reflection and interaction, absorption peaks may
be suspected. Appropriate sections of REA-TE & CM give the
approximate frequency ranges where sbsorption peaks may occur
for a particular transposition system. Example 20 illustrates
in detail an insertion loss measurement.

Therefore, provided that absorption peaks in open wire lines
are not present the insertion loss formula can be approximated:

- 17 -
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Insertion Loss = Attenuation

(Corrected for weather & temperature)
+ Reflection Losses

7.091 Exaggle {. Correction of Attenuation Data for Dryness

An insertion loss of 4.6 db is measured at 1 ke/s
for 10 miles of .109" grade 135 steel. The weather
was dry with an outside temperature of TOSF. How
does this compare with the insertion loss

formula above?

Solution 1. Wet attenuation at 68°F. = 0.31 db/mi

REA-TE & CM-406
2. Dryness Correction = 0.31 X 0.94 =
0.291 db/mi Table II
3. Temperature Correction: Not necessary
since wire was measured near 68CF.
4., Total Corrected attenuation = 0.291
db/mi X 10 mi. = 2.91 db
5. Reflection losses Table IV

600 ohm oscillator to .109"-135 steel = 0.6 db
.109"-135 steel to 600 ohm trans-

mission measuring set = 0.6 db

6. Absorption peaks = 0.0 db

Total insertion loss 4.1 db

Therefore the error due to interaction is:
4.6 - 4,1 = 0.5 db ANS.

71.092 Example 8. Correction of Attenuation Data for Dryness

Solution

and Temperature

An insertion loss of 18,5 db is measured at 80 kc/s

for one mile 22 gauge plastic insulated (.085 mfd/mi.)
cable and 15 miles of .080-30% C-S wire, R-1 transposed
dry weather and 25°F. How does this compare with the
general insertion loss formula?

1. Attenuation per mile REA-TE & CM 406
22 gauge cable = 7.1 db
.080"-30% C-8 wire = 0.47 db

2. Dryness correction Table II
22 gauge cable = none .
.080"-30% C=8 wire = 0.93

- 18 -
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3. Temperature Correction Table TTI
22 gauge cable
Fo=1- TA ~-TR -3 . 55-25 = 0.97
100A 100X10
.080"~30% C-8
Fp=1- 9825 _o.q1y
100%5
4. Corrected Attenuation
22 gauge cable = 7.1 db mi X 0.97 X 1mi. = 6.88 db
.080"-30% C-8 wire = 0.47 db/mi X .93 X 0.914 X 15 mi
= 5.99 db
5. Reflection Losses Table IV
600 ohm oscillator to 22 gauge cable = 2.5
.080"-30% C-S and .109"-135 steel = 2.7 db
.080"-30% C-8 wire and 600 ohm
transmlssion measurlng set = 0 db
6. Total insertion loss 18.71 db

The difference of 0.4 db from that of the measured
insertion loss may be assumed to be interaction.

ANS.

8.02

1l. To measure a balanced circuit with unbalanced te

WHEN SHOULD REPEAT COILS BE USED IN INSERTION LOSS MEASUREMENTS?

8.01 Repeat coils are usually employed for the following purposes:

st

equipment without disturbing the a.c. characteristics

of the balanced circuit.

2. To lsolate direct currents in one or both circui
between which the repeat coil connects without
disturbing the a.c. flow.

3. To match impedances between circuits.

Balanced to Unbalanced

ts

8 021 Repeat coils are required for msking insertion

loss measurements on:

1. Any outslde plant facilities with the
exception of coaxisl cable.

-19 -
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2. Any central office equipment which connects to
outside plant conductors in normal operation and
is not already equipped with repeat coils at the
terminals at which measurements are made. This
may include line circults, long line adapters,
revertive call swltches, trunk and connector
circuits.

3. The "carrier line," "C.0. 1line," or "subscriber
line" terminals of carrier equipment.

k. Carrier line filters not already equipped with
repeat coils.

5. Any attenuation pad.

8.03 Isolation of Direct Currents

8.031 Where it becomes necessary to measure a circuit which
requires a superimposed d.c. a repeat coil should be
used to permit d.c. in the measured circuit and isolate
d.c. from the oscillator or voltmeter equipment. This
is mainly to protect the osclllator equipment, as some
of the better ones have 600 ohm pads through which the
output level is set and which may easily be damaged on
application of d.c. Most a.c. voltmeters do have d.c.
blocking however at their input terminals.

8.04 Impedance Matching

8.05

8.041 For the purpose of the measurements described herein
only one to one ratlo repeat coils are considered; where
as other ratios can be used for the purpose of matching
impedances, such procedures are beyond the scope of this
section.

The insertion loss of the repeat coilil should not exceed 0.5 db
(connected one to one ratio) within its rated frequency range
with or without superimposed d.c. flowing through it. An
example of such a coll in the frequency range of 20-10,000 cps
1s the W. E. Co. 120H Repeating Coil. In the 1 to kOO ke/s
frequency range a Lynch Carrier Systems, Inc., 2624 Repeat Coil
is sultable 1f the latter is not used to isolate d.c.

EFFECT OF PRESENCE OF INDUCED VOLTAGES (NOISE AND CROSSTALK) ON
INSERTION LOSS MEASUREMENTS.

9.01

The a.c.-vtvm's so far described hereln are flat. That is,
they will give equal weight to voltages of frequencies over
practically the entire range of telephone wire line transmission
among REA borrowers. High frequency interference may also
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be present. Any voltage in this range which 1s induced into

the facility being measured may cause the a.c.-vtvm to read more
than the power received from the oscillator. Thus a false
"receive power" reading and will result as far as the measurement
of insertion loss is concerned.

As a practical matter, open wire will most often have a level of
metallic 60 cycle voltage which will interfere with insertion loss
measurements 1f not discriminated against by the transmission m
measuring set (defined below). This is less true for circuits
entirely in cable.

Correction to Be Applied To Voltmeters When Noise is Present on
The Facllity.

If the a.c.-vtvm reading of nolse is of a level comparable to the
combined noise and received signal, a correction may be applied
to this combined signal and noise to obtain the received signal
power level alone. Step-by-step procedure is as follows:

1. Oscillator-on at sending end. Read the combined signal
and noise at receiving end.

2. Oscillator-off at sending end. Read the nolse only at the
receiving end.

3. If the reading in (l) is at least 15 db greater than that in
(2) the noise reading can be safely ignored and the true power
then at the receiving end is the reading obtained in (1).

4. If the reading in (1) is less than one db greater than the
reading in (2) then the reading in (1) cannot reliably be
taken with an a.c,-vtvm of the type so far described. A
selective type a.c.-vtvm (described below) should be used.

5. If the difference in the readings in (1) and (2) is
between one and fourteen db, reference to Table V will
provide correction factors to be subtracted from the
reading in (1) to obtain the true received signal level.

Selectlve Type Voltmeters. Volce Frequency Messurements

9,041 One way of reducing the magnitude of sixty cycle induced
components in a meter reading is to place a weighting
network in front of the a.c.-vtvm, which will reject
sixty cycles but permit sudlo frequencies to reach the
amplifier and therefore deflect the indicating meter in
the instrument.

9.042 Devices originally designed for noise measurements are
suitable as selective voltmeters. The W. E. Co. 2B or
the Daven Co. 34B Noise Measuring Sets are examples of
instruments which when properly connected and calibrated
are sultable for insertion loss work at levels as low as
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-60 dbm (balanced or unmbalanced) from sbout 180 to 3000
cycles, with modifications extending their operation to
15 ke/s. These instruments are insensitive to 60 cycles
as well as carrier frequencies over the frequency range
of 15 ke/s.

9.043 If there are interfering signals in the range of the
instrument the step-by-step instructions of par. 9.03
should be followed. If the condition of step (4) in
par. 9.03 obtains & value of less than one db for the
combined value.of measured and interfering signal than
the reading of the interfering signal alone, the output
level of the oscillator may be raised so as to affect a
better signal to nolse ratio and so that the correction
factors of Table V can be applied.

9.0kl For best results, however, a passive vacuum tube or
transistorized variable tuned frequency network should
be connected ahead of either of the a.c.-vtvm's described
above. Examples of such passive networks are the W. E.
Co. 10A Noise Analyzer Attachment Filter, and may be
advantageously used for these type of measurements. The
first is of the continuously variable type whenever the
latter comes in step frequencies.

9.05 gelective Type Voltmeters. Carrier Frequency Measurements.

9.051 Interference from wire line carrier, powerful radio
stations, and other sources of voltages of high enough
level to interfere with carrier frequency measurements
may occur at any frequency in elther open wire or cable.
Highly selective carrier frequency voltmeters are availablé’
and can be used advantageously for the elimination of the
undesired signals and measurement of the desired levels.

A matching transformer is usually required at the input of
these selective voltmeters and in all cases a 600 ohm

carbon resistor for measurement of signal levels in dbm.

Two such voltmeters which are suitable for carrier frequency
insertion loss work are the Sierra Electronics Corp. Models
108A and 121 and Rycom Model 2174 Carrier Frequency Volt-
meters.

9.052 It is possible however that an interfering frequency might
be present at the desired frequency under measurement.
In this case the expedlent of shifting the oscillator
frequency somevwhat will put the interfering frequency into
the rejection band of the voltmeter tuned circuit and
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measurement will be possible. Also 1t might be possible
to raise the oscillator output level well above that of
the interfering signal, so that application of the
~correction factors of par. 9.03 can be used. The maximum
“recommended level, however, in the latter case at the
input terminals of any electronic equipment under measure-
ment should not be exceeded. Excessive distortion or
outright failure of the equipment itself might otherwise
result. These types of voltmeters require calibration
before used for messurements.

10. SELECTION AND CALIBRATION OF OSCILLATOR AND TRANSMISSION MEASURING
SET EQUIPMENT.

10.01 For the purposes of this section ”Oscillator Equipment" is
defined as one of the following:

10.02

10.03

10

An oscillator meeting the requirements of par. 5.05 with
no external modifications and used for measuring equipment
with one terminal grounded as per Fig. 8A or for balanced
measurements. In the latter case the oscillator must be
used with a repeat coil as per Fig. 8B.

An oscilllator having an internal resistance between 509
to 569 or between 631 to 698 ohms and treated with an
external pad for measuring equipment with one terminal
grounded as per Fig. 9A or for balanced measurements.
In the latter case the oscillator must be used with a
repeat coll as per Fig. 9B.

An oscillator having an internal resistance less than
570 or more than 530 ohms and externally treated with

a 600 ohm resistor and a.c.-vtvm for measuring equipment
with one terminal grounded as per Fig. 10A or for
balanced measurements. In the latter case the oscillator
must be used with a reveat coll as per Fig. 10B.

A "Transmission Measuring Set" usually abbreviated as
™S is arbitrarily defined as elther:

1.

2.

An a.c.-vtvm and 600 ohm resistor (+ 2%) for measurements
on unbalanced equipment as per Figs. 8A, 9A or 10A or

an a.c.-vtvm and a 600 ohm resistor with a repeat coil
for balanced measurements as per Figs. 8B, 9B and 10B.

A frequency selective voltmeter as described in par. 9.

Thus the considerations for choosing oscillator equipment
and a transmission measuring set may be summarized in Table

A.
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TABLE A

Equipment or Figure applicable
Facilities to Range of oscillator for calibration of
be measured internal resistance test equipment
Unbalanced Between 570 and 630 Ohms 8A
balanced 8B
Unbalanced ; OA

09 to 56 631 t 8
palanced 509 to 569 or 631 to 59 o8
Unbalanced 10A
balanced Less thggosggmgr more than 10B

10.04 Calibration of Measuring Equipment

Any of the test setups in Figures 8, 9 or 10 may be used to
calibrate the output level of the oscillator equipment prior

to making measurements.

The general step by step instructions

for the above Figures are shown in paragraphs 10.041, 10.042

and 10.0k43.

10.04k4 to 10.048.

Illustrative examples then follow in paragraphs
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10.041
Calibration of Oscillator Output Level for Oscillator Internal
Resistance Between 570 to 630 Ohms
Oscillﬁgq?_ggggpggnt Transmission Measuring Set Equipment
r ! | - . Set to
| : ! i .l desired
: Rg ] l ‘ level in
| 7 i f 600 a.c. )!? dbm
{ {
| ?Vg . Ohms v
: 1 % l< ]
L—-------_._J_L
Oscillator A. UNBALANCED MEASUREMENTS (NO REPEAT COILS)

Oscillator Equipment Transmission Measuring Set Equipment

jgputube B vyt I S sy e
i N ‘& S S r__,wldﬂw__
| Rg i "1_ > osbaly I?‘ 3 l
! P ;j % | |' L 600 L ac. |
[ I ! Pl 4
{@vg: <3 el::w:, o Oms S vem |
| S| SN S - |
IR T i R gl & -
Oscillator Repeat Coils -

B. FOR BALANCED MEASUREMENTS (REPEAT COILS USED)

Procedure;:

1. Set oscillator to desired frequency.

2. Vaxy oscillator output level control for a.c.-vtvm {Selective
or non-selective) to register desired reference level in dbm
or volts across the 600 ohm resistor. (0.775 volts across
this 600 chm resistor if O dbm reference level is desired.)

3. Do not change the oscillator output level control.

=

The oscillator equipment is now calibrated to measure
insertion loss in db between a 600 ohm source and load.

5. Repeat steps 1 to 3 above for each frequency under
measurement.

FIGURE 8
Note: Terminal Numbers of repeating coils shown are W. E. Co. 120H.
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10.0k2
Callbration of Oscillator Output Level for Oscillator Internal
Resistance Between 509 to 569 or 631 to 698 Ohms

Oscillator Equipment | Transmission Measuring Set
- |
o +——— VWA e NN 0 g
168 168 ~} B
Ohms Ohms . a.c.
990 600 vtvm

o Chms iOhms .,::::if::f__—“"——

5 db, 600 Ohm pad
A. UNBALANCED MEASUREMENTS (NO REPEAT COILS)

Oscillator Equipment ! Transmission Measuring Set

I

6 ; \“ 8 (4 8
<A j
e b s NC 2 5 I < |
b= ~L's @, 600 om —-—-- N A R
Osciliator 7 pad Repeat coils )

B. BALANCED MEASUREMENTS (REPEAT COILS USED)

Procedure:

1. ©Set osclllator to desired frequency.

2. Vary oscillator output level control for a.c.-vtvm (Selective
or non-selectlve), to register desired reference level in dbm
or in volts across the 600 chms resistor. (0.775 volts across
this 600 ohm resistor if O dbm reference level is desired).

3. Do not change the oscillator output level control.

L, The oscillator equipment is now calibrated to measure
insertion loss in db between a 600 ohm source and load.

5. Repeat steps 1 to 3 above for each frequency under
measurement.

Note: Terminal Numbers of repeating colls shown are W. E. Co. 120H.

FIGURE 9
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10.043
Callbration of Oscillator Output Level for Oscillator Internal
Resistance Less Than 570 or Greater Than 630 Ohms
Oscillator Equipment Transmission Measuring Set
| e ‘
i - R I - \/\/\/\/\._“L [ S R ‘..-._...._1
‘ R i T 1016) Ohmsl T
| g f + 2%
E i | a.cC. — 600 a.c.
| : Q%V : vivm, i Ohms vtvmy
i i e e o L. S
| A=A Rt S -l Pl
| Sy R S
: Oscillator  ,  yNBATANCED MEASUREMENTS (NO REPEAT COTLS)
OscillatoriEquipment [ Transmission Measuring Set
r————7= | et 1
| - AN - - ottt e e e
| | [ eoot FRYS T RS ¢ ]
| Rg I N ; [ \) 3| ' [} § 31 T
{ : a.C. 4 29 r “ill l: [”— u“] : 600 a.c.
— - S | R Ohms
| Voo | vivm) e b ¢ I vtvm
R s T e g s 2
: ...... _._4:_, . l N - S C Z: |§ 3 { J: R
S, 4 = e - — - — . 4
Oscillator i Repeat coils '
B. BALANCED MEASUREMENTS (REPEAT COILS USED)
Procedure:

Per Fig. A 1. Set osclllator to desired frequency for A or B.

2. Vary osclllator output level control for 1.55 volts on
a.c.-vtvmj.

3. Maintain this level at 1.55V on vivm] during measurements
by varying oscillator output level control.

Lk, oOscillator equipment is now calibrated for O dbm.

Per Fig. B 5. Vary oscillator output control to obtain O.775 volts on
a.c.~vtvm, but record voltage on a.c.-vtvmj.

6. Maintain this same level on a.c.-vtvmy for all
measurements that follow by varying the oscillator
output level control.

T. The oscillator equipment 1s now calibrated for a level
of O dbm.

Note: Terminal Numbers of repeating coils shown are W. E. Co.

120H.
FIGURE 10
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10. 0Lk

Example 9  Calibrate an oscillator having 595 ohms internal

Solution:

10.045

Example 10 Calibrate an oscillator having an internal reslstance

Solution:
r---TC ! e
R |
i 595 ! ¢
Ohms 00
| Qé% | Ohms 0.775V a.c.-vtvm
I } |
I N ! N
I
Oscillator FIGURE 11-A N
1. Set oscillator frequency to 200 ke/s.
2. Vary oscillator output level control for
0.775 volts on a.c,-vtvm.
3. Do not change oscillator output level.
k., Tnsert repeating coils as shown in Figure 11B
below.
=7 Repeat Colls

resistance for an cutput level of 0 dbm prior to
making an insertion loss measurement on a 600 ohm
"T" pad at 200 ke/s.

Since the internal resistance of the oscillator is 595
ohms Figure 8A is applicable. Steps 1 to 3 of Example 10
belowjcompletely describe this calibration, ANS,

of 595 ohms for an output level of O dbm prior to

making an insertion loss measurement on a length of
.080"-30% C-8 facility at 200 kc/s. What is the insertion

loss of the repeat colls used for this measurement?

a.c,=-vtvm

!
l
]
t
|
I
|
{

Oscillator FIGURE 11-B

‘;},-._o——._—H %- T “
[ ] 600 {::;7ouv
Ohms L

5. Read the new reading on the a.c.-vtvm, Say it
is 0.704V which from Table I yields -0.8 dbm.

6. This means then that each repeat coil has a
loss of O.4 db which is within limits. ANS,

-3

Ralse the osclllator output level control for O
dbm on the a.c.-vtvm. The oscillator equipment is
now calibrated for proceeding with the insertion
loss measurements. ANS.
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10.046 v
Example 11 Calibrate an oscillator having an internal resistance
"~ of 691 ohms for an output level of O dbm prior to
measuring at 1 kc/s a length of H-88 loaded facility.

What is the insertion loss of the repeat coil used for
the measurements?

SMMHQQ___ﬂ
L e AW A - ;
| <gop 1 168 . 168 S—
? §0}91ms' Ohuns Ohms €00 , k
' ' © 0.775V - a.c.-vtvm
PN | 990 Ohms ? i
: N, ! Ohms | ——
! B S AU
Oscillator = FIGURE l2-A
1. Set oscillator frequency to 1 kc/s.
2. Vary oscillator output level control for 0.775 V on
a.c.~-vtvm.
3. Do not change oscillator output level.
. Insert repeating coils (2-W.E. Co. 120H) as shown
F====— in Figure below. e

2 )l 4 ; Ja.c.-vtvm

e g 0.711v
Ohms ¢ l%- Repeat D, | Ohms
L s“]lc 7Colls s =< lg 7 e !
e 4 FIGURE 12-B *
Oscillator °

5. Read the new reading on the a.c.-vtvm; say it is
0.711V. From Table I this is -0.7 dom.

6. Since this is 0.7 db below zero we can assume
each coil has a loss of 0.35 db and they are
suited for the intended measurement. ANS.

T. Raige the oscillator output level control to
indicate O dbm on the a.c.-vtvm. The oscillator
equipment is now calibrated for the intended
measgurement, ANS.
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10.047

[ 10.047

Maintain |

S Ohms
Consiiii—i—:s::;?*gtu__thQA:xtmmL _______ l(~—¢~mm_i
———
= FIGURE 1k

Example 12 Calibrate an oscillator having 751 ohms internal

reslstance for an output level of 0 dbm prior to
measuring an unbalanced network at 1 kec/s.

Solution: r==———-—- ]

i — ot VN N\t .

o151 | gggs 1

|

: Ohms E 1.55V 600 0.775V a.c.-vtvm,
Maintain ! o ]a.c.-vtvml Ohms |

Constant L= ——,J-_J_— <
= FIGURE 13

Oscillator
1. Set oscillator frequency to 1 ke/s.
2. Vary oscillator output level control for 0.775
volts on a.c.~vtvmp. A,C,-VIVM} now reads 1.55 volts.
3. Maintain this level of 1.55 volts on a.c.-vtvm
constant for all measurements to follow By turning
up the oscillator output level control.
4, The oscillator equipment is now calibrated for
the intended measurement. ANS.

Exampl¢_13 Calibrate the above oscillator for -10 dbm at 1 kc/s.

i e e AW e
I 751 : i 600 i [ l
[ | O.k9ov 600 g 0.2h5v ja'c"Vtva

Oscillator

1. Set oscillator frequency to 1 ke¢/s.

2. From Table I,-10 dbm represents a voltage
of 0.245 volts across 600 ohms.

3. Vary oscillator output level control to
indicate 0.245V on a.c.-vtvms. A.C.-VIVM,
now reads 0.490 volts.

L. Maintain is voltage of 0.490 volts on a.c.-vtym;
for all measurements to follow by turning up
the oscillator output level control.

5. The oscillator equipment i1s now calibrated for
the intended measurement. ANS.
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10.

okL8

Example 1k

Sol

ution:

Oscillator ;

Calibrate an oscillator having an lnternal resistance
of 750 ohms for an output level of O dbm prior to
measuring the insertion loss of 20 miles of .080"-30%
C-S line at 100 ke/s. Also determine that the
insertion loss of the repeat colls i1s not excessive.

Since the oscillator internal resistance is greater
than 630 ohms and the facilities to be measured
balanced Figure 10-B is used. Two Lynch 2624 repeat
colls are used,

1. Set oscillator frequeney to 100 ke/s.

2. Vary the oscillator output level control for
1.55 volts on a.c.~-vtvm,.

3. Read a.c.-vtvm,. If it reads less than 0.690 volts
(~1.0 dbm) the repeat coil loss may be assumed to
be over 0.5 db each. Say that 0.701 volts 1s read.
This corresponds to about -0.9 dbm on Table I so
that the insertion loss of each repeat coil is
‘roughly about 0.45 db. This is within limits. égg.

4, Ralse the oscillator output level control until
a.c.-vtvmo reads 0.775 volts and record the value
of a.c.-vtvm]. BSay it reads 1.7l volts,

5. Maintaln this value of voltage of 1.7l volts on
a.c.-vtvm; for all measurements to follow by
varylng the oscillator output level control.

6. The oscillator equipment is now calibrated for
its intended measurement. ANS,
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10.05 Calibratioh for a Frequency Run Where Terminals of

Network to be Measured are Accessible or Remote From

Fach Other.

10.051 '"Frequency run" indicates a series of insertion loss

measurements in the frequency range of interest using
the same "oscillator equipment" and output level.

10.052 Where the input and output terminals of the facility

or network to be measured are accessible at one
location, one transmission measuring set will
suffice by both calibration and measurement, and
depending on the oscillator resistance one of the
procedures in Figures 8, 9 and 10 will be
appropriate for calibration.

10.053 Where the input and output terminals of the facility

or network to be measured are remotely located from
each other, two transmission measuring sets will be
required for a frequency run; one at each terminal.
This again will be performed as per one of the
procedures in Figures 8, 9 or 10.

INSERTION LOSS TEST SETUPS

11.01 We may now summarize, before proceeding with the procedure
for actual insertion loss measurements, the factors so far
involved in the choice of test equipment and the procedures
used for calibration.

1.

Desirable characteristics were given for oscillators
and a.c.-vtvm measuring equipment which would meet
the features shown paragraphs 5.05 and 4.023.

Due emphasis was placed on the oscillator equipment

having an internal resistance of 570 to 630 ohms

over the desired frequency range. This is a most
desirable feature and greatly simplifies calibration
and measurement. Measurement of oscillator internal
resistance was shown in Figure 1 and Example 3,

Procedures were given for externally treating
oscillators having internal resistances outside the
desirable 570 to 630 ohms range in Figures 3 and 4
and also illustrative Examples 4 to 6.

Calibration procedures were then given in detail

for all measuring equipment and accessories prior
to making the actual insertion loss measurements

in Figures 8 to 10 and also illustrative Examples
9 to 1h.
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11.02 General Procedure

11.03

11.021

11.022

11.023

A1l insertion loss measurements follow the same
fundamental procedure once the measuring equipment
has been calibrated. That is the network or
facllity 1s inserted between the oscillator and
a.c.,-vtvm equipment properly terminated, and the
value of the resulting signal is recorded. The
difference between the calibration and measured
levels is the desired insertion loss. The
receiving equipment may also be, and it usually
is, calibrated in dbm in addition to volts. In
this case the calibration level is in dbm, a
direct reading in db for the insertion loss 1s
obtained. This procedure is shown in Figure 16.
Though the sending level can be quite arbitrary
care is taken not to overload any electronic
equipment also measured; the manufacturers
recommendations will therefore be followed. For
most measurements a level of O dbm seems to be
sultable.

The range of facilities and equipment to be
measured for insertion loss is varied. They may
be four or two terminal devices unbalanced or
balanced, active or passive. Non-loaded and
loaded cable facilities, aerial or buried wire,

or combinations thereof, trunk equipment filters
of any description, repeat coils, attenuation pads
and even a simple series or shunt resistor.
Abnormal line loss conditions such as those caused
by absorptlion peaks can also be investigated.
Calibration procedures for any of the above cases
are fully covered in Figures 8, 9 or 10.

Insertion loss measurements therefore constitute

a powerful tool through which the proper operation
of an existing system or any of its components or
the suitabllity of a contemplated application

can readily be verified. 1In addition it provides

a means for proper maintenance, once such equipments
have been Installed and are operating.

Initial and Periodic Check of Measuring Equipment.

1. Be assured voltmeter or voltmeters are sensitive and
accurate enough for the frequencies to be measured and
frequency selective 1if applicable.

2. Be assured of the proper oscillator waveform, frequency
calibration and range and output voltage.

3. Measure the internal oscillator resistance over its
full frequency range.
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-
| 11.04

Step-by-Step Insertion Loss Measurement Procedure.

1.

10.

11,

12.

Measure oscillator internal resistance for each frequency
of measurement. (Figure 1 and Example 3)

Correct, by external treafment, the oscillator internal
resistance if it falls outside of the 570 to 630 ohm
range. (Figures 3 and L} and Examples 4 to 6)

Decide on proper oscillator equipment and transmission
measuring set.. Par. 10 and Table A

Declde on oscillator output level desired for reference.
Zero dbm is customarily used for outside plant facilities.

Calibrate oscillator output level. (Figures 8 to 10 and
Examples 9 to 1k4)

Disconnect the oscillator equipment from the transmission
nmeasuring set,

Connect equipment or facilities to be measured between
oscillator equipment and transmission measuring set.

Do not'change oscillator output level when unknown
is connected. EXCEPTION: If Figure 10 1is used
then restore a.c.-vtvmy level to its proper value.

Read the level at the receiving end a.c.-vtvm or
transmission measuring set.

Convert this reading in (9) to dbm, (Table I) if its
meter does not do so directly.

The difference in the dbm levels in (5) and (10)
is the insertion loss or gain in db.

If the dbm value obtained in (10) is less than that
n (5) the measurement represents an insertion loss;
if greater it indicates an insertion gain.
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Fundamental Procedure For Insertion Loss

Measurements, See Par. 11.0k4
Oscillator equipment Transmission Measuring Set
r-—=-—9
1 o—
: 3
l 3
|
|
{
|
1
I
Oscillator - Repeat Coil Repeat Coll

A. CALIBRATION OF OSCILLATOR

Oscillator Repeat Coil Repeat Coil

B, OPENING OF CALIBRATION SETUP

| ™ f '
: R } Facility- d?g g;

| & | : ‘Network )

i | Under [ ‘:j 600 a.c.
: = Measurement A1 Ohms vtvm
| !

1

-0 o—tf= e " [

o

’_i.w

Lo__1 =
Oscillator Repeat Coil Repeat Coil

4

C. 1INSERTION OF FACILITY OR NETWORK

FIGURE 16
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Example 15. Measure the insertion loss at 1 ke/s of a 300
) ohm resistive shunt, using an oscillator having
an Internal resistance of 595 ohms.

Solution; No repeating coll 1s needed for this measurement
because the resistor can be grounded without
disturbing proper operation.

T———==- a D
: e — I
| 595 | 0.775V
! .
: Ohms | 600 0 dbm | a.c.-vtvm
I : Ohms
! ' — o
| l 1
L_____C i L T
Oscillator ’ A. CALIBRATION

1. Set oscillator frequency to 1 ke/s.

2. Calibrate as per Figure 8A. Zero dbm reference
level is suitable,

3. Do not change oscillator level control. Insert
the 300 ohm resistor as shown below.

“““““““ 1

| T ] p—

l SOOI
I

: 595 300 600 0.336V a.c.-vtvm

| Ohms | Ohms  Ohms -6 dbm or

: | ™S
]

| ' B

l _,’,Al.__..,.._.,,. U GO TR e an s m

e e e e — — =

Oscillator Resistor Under Test

B. MEASUREMENT

4, The a.c.-vtvm reads 0.338 volts across 600
ohms. This is -6 dbm from Table I, or the
meter directly.

5. Therefore the insertion loss due to the
bridging of the 300 ohm resistor between
600 ohms 1s O - 6 = 6 db loss.  ANS.

- 36 -




REA-TE & CM-LOT

Example 16. A subscriber carrler voice pass filter is suspected
T of having a shorted turn. The normal 600 ohm insertion
loss according to the manufacturers literature is 0.3 db
at 1 kc/s and 40 db at 50 kc/s. The available oscillator
has an internal resistance of 580 ohms for this frequency
range. How should the insertion loss of the filter be
checked?
Solution: Figure 9B is used due to the oscillator internal resistance
and the normally balanced operation of the filter.
oo T 1
I 1 ; r
i ! b 2 ,C’
i R Ef & 600
| g | %4 Ohms 0.775V
| | i,gl ; or O db:
i H %
t jfﬂ i %il%;v a.c.-
AL W. E. Co. 120H W. E. Co. 120H < vtvm
Oscillator or Lynch 2624 or Lynch 2624
A. CALIBRATION
1. Set oscillator frequency to 1 ke/s. Calibrate as
per Figure 9B. Zero dbm level is suitable.
2. Do not change oscillator level control.
3. Insert voice pass filter to be measured as shown
below.
FemTT
i H AGl} o (”‘ < -]
! ' j C | carrier Voice ! 3 r” '
' ! | | [ :
SRy p/”ij Line stae | Py 0.7h9V
C A L ijd | stde L] e Slerlols
R ! 2 Filter § §3h>. Ohms < | gy '
b <z Under hid i
R S o T Test — mey 'a.c.-
= W. E. Cn. 120H W. E. Co. B vt
Oscillator or Lynch 2624 120H or orv$MS
Lynch 2624
B. MEASUREMENTS

Reading of a.c.-vtvm is O.T49V or -0.3 dbm,
Therefore the 1 kc/s insertion loss of the filter
is 0.3 db and seems to be normal. ANS.
For 50 kc/s measurement repeat above procedure.
(Change the repeat coils to Lynch 262k4)
Say the a.c.-vtvm 0.243 volts which is -10.1 dbm.
. Therefore the 50 ke¢/s insertion loss of the filter
is 0-10.1 = 10.1 db which is much lower than the
manufacturers stated figure of 40 db. Therefore
the voice pass filter 1s assumed to be defective.
ANS,

O [e2 N 2 B —g
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Example 17,

Solution:

Measure the insertion loss at 1 kc/s of a central
office connector circuit. The available osclllator
has an internal resistance of 590 chms at this frequency.

Value of oscillator resistance and normally balanced

operation of connector dictates the use of Flgure 8p

Only one-a.c.-vtvm is absolutely necessary since both
terminals are accessible in the same C.O.

t [

590
Ohms

y

{

oo

.5

6%2 gge

5. 7

L

1
T
I
{
t
t
i
¢
1

0.775V
or O

]

. _dbm |
H
B

Oscillator

i

w N

W..E. Co. 120H

a.c,=-vtvm

=

W E. Co l2OH

A, CALIBRATION

Set oscillator frequency to 1 ke/s. Calibrate O

dbm reference level as per steps of Figure 83

Do not change oscillator output level controls.

Insert connector to be measured as shown below. This

is accomplished as follows: Connect a telephone set

to each of two spare lines in the connector group to be
tested at the equipment side of the MDF. Busy-out the
rest of the connectors except the one under measurement.
Dial a call in the normal manner so that a connection
between these two phones is now established through

the desired connector,

oscillator and measuring equipment of A. Now,
disconnect the telephone sets.
e SRS T T
. shfnemtiatieh Saaht . P < A4 r
590 | ° ‘,g" C 600 | ‘
I DU G 701V
Ohms | F i1 ™ Connector Under ! Ohms o.
> Poeill He Test eL\ - 9
. | _< A, dbm
L =Sl Low R ot
[ o -—‘ A....,.e.,_; : a.c.~=-vtvm
Oscillator W. E. Co. 120H W. E. Co. 120H
{ C. MEASUREMENT
% 5. Read the vtvm or T™S. It reads 0.701 volts which
, is -0.9 dbm.
i 6. Therefore the insertion loss through the connector

Roo.

— |

After the connection has been established and without
disconnecting the telephone sets connect the

t—f-R

at 1 kc/s is 0.9 db.

ANS.
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Example 18.

Solution:

Per Figure 1T7A

Measure the insertion loss of 6 miles 22-H-88 high
capacitance loaded cable at 1 kc/s. Outside temperature
is 95°F. The available oscillator has an internal
resistance of 605 ohms at this frequency. Check the
results of the measurement against the published
attenuation and reflection losses.

Figure 8B is used for calibration from considerations of

balanced operation of facilities and oscillator internal

resistance. A reference level of O dbm is suitable. Two
transmission measuring sets are required because the two

terminals of the cable are remote from each other. Also

communication between the two offices must be established
and maintained.

Set oscillator frequency to 1 kc/s.

Vary oscillator output level control for O dbm
on a.c.-vtvm or TMS,

Do not change oscillator output level.

N K

3.
Per Figure 17TB 4. Read a.c.-vtvm or T™S. Reading is 0.397

Check

volts or -5.8 dbm.
5. Therefore the facility insertion loss is

5.8 ab. ANS.
Attenuation: 0.792 db/mi REA-TE & CM-L31
Temperature correction par. T.05
Fp=1 - [ Ty - T } =1 - { 68 - 95 |=1.05k
100D 100 X 5

Corrected attenuation:
0.792 db/mi x 6 mi. x 1.054% = 5.01 db

Reflection losses:

600 ohm oscillator & 22H88 = 0.3 db
2288 and 600 ohm load = 0.3 db
Total facllity loss 5.6 db

Comparison of the measured 5.8 db to the
estimated 5.6 db provides a good check.
The difference of 0.2 db can be attributed
to interaction. ANS.




™

W.E.Co. 12CH

Oseillator W.E.Co. 120H DPDT Switch
[r——
{ | 2 §4 = e |2 < 4
! 605 i 4 3 o L —— tA L Lo 3 i
‘ hms! i 1 T — r‘g"_ r 600 a.c.-
! . Ohms | Wil ! 'j 6 MI 22-H-88 Cable g I [ Ohms :
2 1ETE 00 s SR = R | C2ic® oo
i i L 1 A r
———— a2 ‘] = or TMS
i
W.E.Co. 120H % Line side of Line side of
= MDF. Protector MDF. Protector
0.775V 6OO toothpicked. toothpicked.
or O dbm Ohms ot ®
3’ Y A. CALIBRATION
= Office A Office B
—— e - W.E.Co. 120H DPDT Switch
| I z % - | 2 s !———————
< i et . ikl
: §605 | t Cf}"“"‘tj":' Y T if“ : . 397v
i Ohms ! E; ¥ v T 6 MI 22-H-88 Cable o Gl oggs e
| ; : 3 ’AB‘-J,-— D e B i R' £ i
; @L 4' s SN ) = 53?%‘7 l‘: j
e — e = W.E.Co. 120H a.c.-vtvm
Oscillator or TMS
W.E.Co. 12CH B. MEASUREMENT
-

FIGURE 17 FOR EXAMPLE 18
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Example 19.

Solution:

Per Figure 18A.

Per Figure 18B.

Assume the same 6 miles of 22-H-88 high capacitance
loaded cable as in Example 18 is now the outside plant
portion of a negative impedance voice repeatered trunk.
The same 605 ohm oscillator equipment is available.
Measure the repeater gain at 1 kc/s. ‘

Since the oscillator has an internal resistance between
570 and 630 ohms and the facilities normally operate

in a balanced fashion the method of Figure 8B is used.
Two transmissilon measuring sets are required because
the two terminals of the cable are remote from each
other. Communication, also, between the two offices
must be established and maintained. Calibration

setup and measurement is shown in Figure 18.

1. B8et oscillator frequency to 1 kc/s.
2. Vary oscillator output level control to
indicate O dbm reference level on the

a.c,=-vtvm or TMS,

3. Do not change the osclllator output level.

L. fThe a.c.-vtvm or TMS with the repeater in
the circuit reads 0.563 volts or -2.8 dbm.

5. The insertion loss of the repeatered trunk
at 1 ke/s is therefore 2.8 db.

6. From previous Example 18 the insertion loss
of the loaded cable above was 5.8 db.

T. Therefore the gain of the repeater is
5.8 - 2.8 = 3.0 db. ANS.,

Lo
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MDF MDF
Office Office
cTT - — N DPDT Switch ‘_A_I .?__' |- [
605 2 <l . Gy "I':1 ¢ '|:*4 f—“‘l"*j
, ! 1 (I~ — -+ — - — ) ta 1
| §Ohms | T’!; e iy e S e gt LT“ T 600 3 1S
{ @ ] 55\55 ! 1 ’ P °-'i—v—° 1 6 ML 22H88 Cable ‘\"E-:— s 48 OChms I %OI‘ :
I I S‘ Lf——F——f--—-—«l ; | iy 1= ! :
{ i f 5 er?TJ d v————_oice f_R_] Syl § I o
—————— E. Co. . W. E. Co. = Preferabl
| Repeater reierably
Oscillator 120K [ i D 120H Selective
——*a-——oﬁllg"—‘ ! Disconnect wires toc repeat Line side of
W '6 \,!;\? ! coil in trunk terminating MDF office B.
?o:;‘ 0 : § 00 T', ! equipment or wires to trunk Protector
i . g0hms | 4 0 circuit before calibration Toothpicked.
i dbm j t
: , e and measurement.
'_L-:—_ i £
"Office A A. CALIBRATION Office B
MDF MDF
. DPDT Switch orttee Oi;éice .
L e P o
: 1,r,'iq,;:—::°————;1 .:T,l iT' 4 igﬁ 600 ] ;0.563v
| . e ; e 6 MI 22H88 Cable ‘:z_': I ,Ohms | or i
| I o ! v ¢ e T " N f 6 & 9_ - 8
Vi 9L+_..1__..{-__._, 0o i i . -J . 2. dbm
S i LIS |
I S < Voice L= sl s P—
1L w. E. 001 ; Ropenter W. E. Co. =
Oscillator 120H | : P 120H
r T 2 _gi;("’fy
a.C, - 600 1T’%}q3 E
vtvm or | %Ohms S B. MEASUREMENT
i : 6&’.1‘,%9 °
| s il
— sl
=

FIGURE 18 FOR EXAMPLE 19
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Solution:

REA-TE & CM-407

It 1s desired to measure the suitability of a subscriber
line for the application of carrier equipment from the
absorption peak viewpoint in the frequency range of 50
to 180 kc/s. The line consists of facilities as shown
in Figure 19. Temperature is 65°F. and the weather dry.
Determine such suitability for carrier operation.

Before locating the carrier frequency voltmeter at the
open wire dead-end the equipment at the left of the main
frame in Figure 17 must be checked from 50 to 180 kc/s
to assure that the repeating coils are satlsfactory.

The method in Example 14 may be used. Also check the
repeat coll which will eventually be connected to the
right of the dead-end clevices in Figure 19 in the same
manner,

It will be necessary to have telephone contact between
the man at the central office and the man at the open
wire dead-end. This may be done with two handsets and
a battery. If another pair is available between the
two points it should be preferred for communication
because 1t provides for continuous contact. If not

the same palr that 1s being measured must be used.
Contact will initially be established before connecting
the equipment. Then communication must be reestablished
of pre-arranged intervals. Only in this way can the
man at the dead-end be sure of what signal 1s being
sent from the C.0. To maintain talking contact
continuously on the same pair beilng measured,. it is
necessary to equlp both ends with a voice pass or

other sultable filter. The two telephone sets, with
battery in series at one end, can then be left on

the voice side of the filters even while the oscillator
equipment is on the line. Since all known carrier
frequency voltmeters require only 117 volt a.c. power
it must be provided at the foot of the dead-end pole.

A portable generator may not be satisfactory because

of radiasted interference and somewvhat poor regulation
for the purpose. An alternative is to obtain the

power at the nearest establishment.

When carrier equipment, is being tested for insertion
loss it should be borne in mind that the circuit
should be in the off-hook condition in both directions
of transmission, otherwlse systems with inband type
signaling may produce measurement error. The measuring
set-up 1s shown in Figure 19.

Ll
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Use oscillator equipment similar to that in Figure 8B, since the
oscillator has internal resistance between 570 and 630 ohms and
normally balanced facilities are to be measured. Two transmission
measuring sets are required. The one at the C.0. need not be
tuned but that beyond the open wire dead-end most probably will
haye to be. Carrier frequency voltmeters have means of selif
calibration and this should be done by the man of the open wire
dead-end in accordance with manufacturers instructlons. The

tuned voltmeter usually will then read the receive levels in
directly in dbm.

Use zero dbm at 50 kc/s as oscillator equipment output level.
Calibration is shown in Figure 8B.

Throw double-pole double-throw switch to the right as per
Figure 19.

Do not touch oscillator controls.

Say the carrier frequency voltmeter regds -16.9 dbm. Therefore
the insertion loss at 50 ke/s is O - 16.9 = 16.9 db loss.

Repeat the above steps for other frequencies of interest. The
results are shown tabulated below:

Frequency Measured Insertion |Calculated Attenua- |[|Difference
in ke/s Loss in db tion plus reflec- in db
tion lossesl
50 16.9 5.5 1.5
60 17.8 16.8 1.0
70 18.3 17.1 1.2
80 19.0 17.2 1.8
90 19.2 17.4 1.8
100 20.9 17.7 3.23
110 21.8 18.0 3.83
120 23.7 18.1 5.63
130 28.0 18.6 9.43
1ko 3h.1 19.0 15.13
1502 39.72 19.1 20.63
160° 48.65 19.2 29.43
1702 59.1, 19.3 29.8
1802 51.1 19.4 31.7
1. Calculated per Method of Example 8.
2. In the frequency range of 150 to 180 kc/s, insertion loss is

over 35 db which is about the maximum line loss recommended
by some carrier manufacturers.

b5
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3. In the frequency range 100 to 180 kc/s the large difference
between insertion loss and the sum of attenuation and reflection
losses is greater than would be sxpected from interaction. It
is therefore concluded that these are absorption peaks inherent
in the transposition system employed in this line. ANS.

Example 21. A trunk carrier channel is to be lined up for a 3
db net loss at 1 kc/s. The manufacturer's recommendation for
this particular type states that levels above -4 dbm will cause
compression (distortion) and that a level 3 db below this
should be used for adjustment of net loss. An oscillator having
an internal resistance of 620 ohms at 1 kc/s is available.
What is the measurement procedure?

1. Refer to Figure 20. The oscillator resistance 1s between
570 and 630 ohms and the voice terminals of the carrier
equipment normally connect to balanced circuits so the
oscillator equipment and the transmission measuring set
per Figure 8B should be used. They should be connected
per Figure 17A for calibration at office A. At office
"B" another transmission measuring set i1s required.

2. To prevent distortion, set oscillator output at 0.346
volts (-7 dbm) when the double-pole, double-throw switch
is thrown as in Figure 17A.

3. By throwing the double-pole double-throw switch to right
proceed with measurements per Figure 20. AdJjust proper
carrier equipment control at far-end per carrier manufac-
turer's recommendations until transmlssion measuring set
in office "B" reads 0.245 volts, (=10 dbm).

L. Do not touch oscillator output level control.
5. 7 - 10'= 3 db loss. The carrier equipment is now set for
3 db net loss in the A to B direction. To do the same

in the B to A direction, the test equipment should be
interchanged and the procedure repeated.

L6
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TABLE I

Relationship of DBM Versus RMS Voltage Across
600 Ohms

Page 3 of 6 Pages
(-10.0 to -30.0 DBM)
(0.245 to 0.0245 Volts)

DBM VoLTS DEM VOLTS DBM VOLTS DEM VOLTS
-10.0 j0.2L5 -15.0 {0.138 =20.0 | 0.0775 -25,0 | 0.0436
-10.1 |[0.242 -15.1 }0.136 -20.1 | 0.0766 -25.1 | 0.0431
-10.2 |0.239 -15.2 0,135 -20.2 | 0.0757 -25.2 | 0.0426
-10.3 |0.237 -15.3 ]0.133 -20.3 | 0.07k8 -25.3 | 0.0k21
-10.k }|o.23h4 -15.k  jo.132" -20.4 | 0.07hO -25.4 | 0.0416
=10.5 |0.231 -15.5 10,130 -20.5 | 0.0731 -25.5 | 0.0411
-10.6 {0.229 -15.6 [0.129 =20.6 | 0.0723 =25.6 | 0.0507
-10.7 |0.226 -15.7 |0.127 -20.7 | 0.0715 -25.7 | 0.0402
-10.8 |0.223 -15.8 |0.126 -20.8 | 0.0706 -25.8 | 0.0397
-10.9 |0.221 -15,9 |0.124 -20.9 | 0.0698 -25.9 | 0.0393
-11.0 |0.218 -16.0_|0.123 -21.0 | 0.0690 -26,0 | 0.0388
-11.1 [0.216 -16.1 [0.121 -21.1 [ 0,0683 -26.1 | 0.038%
-11.2 |0.213 -16.2 |0.120 ~21.2 | 0.0675 -26.2 | 0.0379
-11.3 {o0.211 -16.3 {0.119 -21.3 | 0.0667 -26.3 | 0.0375
-11.h | 0.209 -16.4  |0.117 -2L.4 | 0.0659 -26.4 | 0.,0371
-11.5 10.206 -16.5 10.116 -21.5 | 0.0652 -26.5 | 0,0367
-11.6 | 0.204 -16.6 }0.115 <216 | 0,06LL -26.6 | 0.0362
-11.7 }0.201 -16.7 |0.113 -21.7 | 0.0637 -26.7 | 0.0358
-11.8 {0.199 -16. 0.112 -21,8 | 0,0630 -26.8 | 0.035h
-11.9 | 0.197 -16.9 |0.111 -21.9 | 0.0622 -26.9 | 0.,0350
-12.0 [ 0.195 -17.0 |0.109 -22.0 | 0.0615 -27.0 | 0.0346
-12.1 | 0.192 -17.1 [0.108 —22.1 | 0.0603 —27.1 | 0.0342
-12.2 {0.190 -17.2 {0.107 -22.2 | 0.0601 -27.2 | 0.0338
-12.3 |0.188 -17.3 |0.106 -22,3 | 0.0594 -27.3 | 0.033k4
-12.4 |0.186 -17.4 | o.104 -22.4 | 0.,0588 -27.4 | 0.0330
-12.5 | 0.184 -17.5_ 10.103 -22.5 | 0.0581 -27.5 | 0.0327
-12.6 [0.182 -17.6 |0.102 -22.6 | 0.057h -27.6 | 0.0323
-12.7 10.179 -17.7 |0.101 -22.7 | 0.0568 -27.7 | 0.0319
-12.8 | 0.177 -17.8 10.0998 -22.8 | 0.0561 -27.8 | 0.0316
-12.9 | 0.175 -17.9 |0.0987 -22,.9 | 0.0555 -27.9 | 0.0312
-13.0 { 0.173 -18.0 | 0.0975 -23.0 | 0.0548 -28,0 | 0,0308
-13.1 | 0.1x71 -18.1 [ 0.096k —23.1 | 0.0582 -28.1 [0.0305
-13.2 | 0.169 -18.2 |0.0953 -23.2 | 0.0536 -28.2 | 0.0301
-13.3 | 0.168 -18,3 |0.,0942 -23.3 { 0.0530 -28.3 | 0.0298
-13.h }0.166 -18.L |0.0931 -23.k | c.0524 -28.L | 0.0295
-13.5 |0.16h4 -18.5 |0.0921 -23.5 { 0.0518 -28.5 | 0.0291
-13.6 | 0.162 -18.6 | 0.0910 ~23.6 10,0512 -28.6 | 0.0258
-13.7 | 0.160 -18.7 | 0.0899 -23.7 = 0.0506 ~-28,7 | 0.0285
-13.8 | 0.158 -18.8 |0.0889 -23.8 | 0.0500 -28.8 | 0.0281
-13.9 | 0.156 -18.9 |0.0879 -23.9 | 0.0kok -28.9 | 0.0278
-14.0 {0.155 -19.0 |0.0869 -2k,0 | 0,0489 -29,0 | 0.0275
1.1 | 0.153 -19.1 ]0.0859 ~2h,1 | 0.0683 29,1 [ 0.0272
-1k.2 1 0.151 -19.2 10.0849 -24,2 | 0,0478 -29.2 | 0.0269
-1k.3 | 0.1k9 ~19. 0.0840 -24.3 | 0.0h72 -29.3 | 0.0266
-1l 0,148 -19.4 |0.0830 -2k b | 0.0467 -29.k | 0.0262
-14.5 | 0.146 -19.5 | 0.0820 -24.5-] o0.0l6L -29.5 | 0.0259
k.6 1o Akl -19.6 | 0.0811 2.6 | 0.056 ~29.6 | 0.0256
~1b.7 ] 0.143 -19.7 | 0.0802 -24,7 1 0.0451 -29.7 { 0,025k
-14.8 | 0.1k -19.8 | 0.0792 -24.8 | 0.0446 -29.8 | 0.0251
-1h.9 | 0.139 -19.9 | 0.0784 -24,9 | 0.0hk1 -29.9 | 0,0248
-15.0 | 0.138 -20.0 | 0.0775 -25.0 | 0.0436 -30.0 | 0.02u45




Relationship of DBM Versus

TABLE I

600 Ohms

Page 4 of 6 Pages

(-30.0 to -50.
(0.0245 to 0.00245 Volts)

O DBM)

REA-TE & CM-L4O7

RMS Voltage Across

DBM VOLTS DBM VOLTS DBM VOLTS DBM VOLTS
-30.0 [0.0245 =35.0 10,0138 -40.0- | 0.00775 -45.,0 | 0.00436
-30.1 J0.02h2 -35.1 | 0,0136 -40,1 | 0.00766 -I5,1 10.00431
-30.2 [0.0239 -35.2 | 0.0135 -40.2 |0.00757 -45.2 | 0.00Lk26
-30.3 [0.0237 -35,3 | 0,0133 -10.3 ] 0.007L48 -45.3 ] 0.00421
-30.4% {0.0234 -35.4 | 0,0132 =404 | 0.00740 -b5.4 1 0.00416
-30.5 10,0231 =35.5 | 0.0130 -40.5 | 0.00731 -45.5 | 0.00411
-30.6 10,0229 -35.6 | 0,0129 -40.6 10.00723 -h5.6 10.,00L07
-30.7 }0.0226 -35.7 | 0.0127 =40.7 | 0.00715 45,7 |0.00402
-30.8 [0.0223 -35.8 | 0.0126 -40.,8 1 0.00706 -45.,8 | 0.00397
-30.9 [0.0221 -35.9 | 0,012k -40.9 | 0.00698 -45,9 1 0.00393
-31.0 [0.0218 -36.0 ] 0.0123 -41.0 | 0.00690 -46.0 | 0.00388
-31.1 {0.0216 -36.1 | 0.0121 -h1.1 [ 0.00683 -46.1 10,0038k
-31.2 |0.0213 -36.2 | 0.0120 -41.2 {0.00675 -46.2 | 0.00380
-31.3 {0.0211 -36.3 | 0.0119 -41,3 | 0.00667 -46.3 | 0.00375
-31.4 |0.0209 -36.4 | 0.0117 414 | 0.00659 -46.4 | 0.00371
-31.5 {0.0206 -36.5 | 0.0116 -41.5 | 0.00651 -46.5 | 0.00367
-31.6 10.020L -36.6 | 0.0115 -11,6 | 0.006LL -L6.6 | 0.00362
-31.7 {0.0201 -36.7 | 0,0113 -41,7 | 0.00637 -46.7 | 0.00358
-31.8 {0.0199 -36.8 | 0.0112 -41.8 | 0.00630 -46.8 | 0.00354
-31.9 {0.0197 -36.9 { 0.011% -41.9 | 0.00622 -46.9 | 0.00350
-32.0 10.0195 -37.0 | 0.0109 -42,0 | 0.00615 -47.0 | 0.00346
-32.1 ]0.0192 -37.1 | 0.0108 k2,1 | 0,00608 =471 | 0.00342
-32,2 (0,010 -37.2 | 0.0107 -be.2 | 0.00601 -k7.2 | 0.00338
-32.3 {0.01 -37.3 | 0.0106 -42,3 | 0.00594 -47.3 |'0.0033L
-32.4 ]0,0186 -37.4 | 0.010k b2k | 0.00588 =k7.4 1 0.00330
-32.5 [0.0184 -37.5 | 0,0103 -42.5 | 0.00581 -47.5 | 0.00327
-32.6 10.0188 -37.6 | 0.0102 -L2.6 | 0.005Th -47.6 | 0.00323
-32,7 [0.0179 -37.7 | 0.0101 -42.7 | 0.00568 -u'(.g 0.00319
-32.4 [0.0077 -37.8 | 0.00998 | -42.8 | 0.00561 | -L7.8 |0.00316
-32.9 10.0175 -37.9 | 0.00987 -k2,9 | 0.00555 -i7.9 | 0.00312
-33.0 J0.0173 -38.0 | 0.00975 -43.0 | 0.00548 -48.,0 | 0.00308
-33,1 [0.0171 -38.1 | 0.0096k -43,1 | 0.005L2 <L8.1 1 0.00305
-33.2 [0.0169 -38.2 | 0.00953 -43,2 | 0.00536 -48.2 | 0.00301
-33.3 [0.0168 -38.3 | 0.009k42 -43.3 | 0.00530 -48,3 | 0.00298
-33.4 0.0166 -38.4% | 0,0093L =43.4 | 0,00524 -48.4% | 0.00295
-33.5 [0.0164 -38.5 | 0.00921 -43,5 | 0.00518 -48.5 { 0,00291
-33.6 [0.0162" ~-38.6 | 0.00910 3.6 | 0.00512 -18.6 | 0.00288
-33.7 [0.0160 -38.7 | 0.00899 -43.7 | 0.00506 -48.7 { 0.00285
-33.8 [0.,0158 -38.8 | 0.00889 -43.8 | 0.00500 -48.8 | 0.00281
-33.9 [0.0156 -38.9 | 0.00879 -43.9 | 0.0049k4 -48.9 | 0.00278
-34.0 {0.0155 -39.0 | 0.00869 -44,0 | 0.00489 -49.0 | 0.00275
~3%,1 (0.0153 -39.1 | 0.00859 -LL,1 | 0.00L83 -49.1 [ 0.00272
-34.2 0.0151 -39.2 | 0.00849 -4h.2 | 0.00478 -kg.2 | 0.00269
-34.3 {0.0149 -39.3 | 0.00840 -4h,3 | 0.004T3 -49.3 | 0.00266
-34.4 j0,0148 -39.4 | 0.00830 -Lh.4 | 0.00467 -kg. k| 0.00262
-34.5 [0.0146 -39.5 ] 0.00820 =445 | 0,00461 -49.5 | 0.00259
~304.6 [0.016k -39.6 | 0,00811 -4, | 0.00L56 -4g9.6 | 0.00256
-34.7 [0.0143 -39:7 | 0.00802 =4, 7 | 0,00k451 -49.7 | 0.00254
-3%.8 lo.01k41 -39.8 | 0,00792 -44.8 | 0.00446 -49.8 | 0.00251
-3%.9 p.0139 -39.9 | 0.0078%4 -4h.9 | 0.00h41 -49.9 | 0.00248
-35.0 jp,0138 -40.0 | 0,00775 -45,0 | 0.00436 -50,0 | 0.00245
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REA-TE & CM-407

TABLE I

Relationship of DBM Versus RMS Voltage Across
600 Ohms

Page 5 of 6 Pages
(-50.0 to -70.0 DBM)
(0.00245 to 0.000245 Volts)

DBM VOLTS DBM VOLTS DBM VOLTS DBM VOLTS
-50.0 0.00245 -55,0 | 0.00138 -60,0 | 0.000775_ || -65.0 | 0.000436
-50.1 0.002k2 -55.1 | 0.00136 -60.1 | 0.000766 [[-65.1 | 0.000431
-50.2 0.00239 -55.2 | 0.00135 -60.2 | 0,000757 | -65.2 | 0.000426
-50.3 0.00237 -55.3 | 0.00133 -60.3 | 0.000748 | -65.3 | 0.000421
-50.L 0.00234 -55.4 1 0.00132 -60.4 | 0.00074O0 {I -65.4 | 0.000416
-50.5 0.00231 -55.5 | 0.00130 -60.5 | 0.000731 |{ -65.5 | 0.000411
-50,6 0.00229 -55.6 | 0.00129 -60.6 | 0.000723 [ -65.6 | 0.000k07
-50.7 0.00226 -55.7 | 0.00127 -60.7 | 0.000715 | -65.7 | 0.000402
-50.8 0.00223 -55.8 | 0.00126 -60.8 | 0.000706 || -65.8 | 0.000397
-50.9 | 0.00221 -55.9 | 0.00124 | -60.9' | 0.000698 |l -65.9 | 0.000393
-51.0 0.00218 -56.0 | 0.00123 -61.0] 0.000690 || -66.0 | 0.000388
-51.1 0.00216 -56.1 | 0.00121 -61.1 | 0.000683 -66.1 | 0.00038h
-51.2 0.00213 -56.2 | 0.,00120 -61.2 | 0.000675 -66.2 | 0.000379
-51.3 0.00211 -56.3 | 0.00119 -61.3 | 0.000667 || -66.3 | 0.000375
-51.k 0.00209 -56.4 | 0.,00117 -61.4 | 0.000659 | -66.4 | 0.000371
-51.5 0.00206 -56.5 ] 0.00116 -61.5 | 0.000652 | -66.5 | 0.000367
-51.6 0.00204 -56.6 | 0.00115 -61.6 | 0.00064k | -66.6 | 0.000362
-5L.7 0.00201 || -56.7| 0.00113 -61.7 | 0.000637 -66.7 { 0.000358
-51.8 0.00199 .|| -56.8| 0.00112 -61.8 | 0.000630 || -66.8 | 0.000354
=51.9 0.00197 -56.91 0,00111 -61.9 | 0.000622 || -66.9 | 0.000350 °
-52.0 0.00195 -57.01 0,00109 -62.0 | 0.,000615 -67.0 | 0.000346
~52,1 0.00192 -57.1| 0.00108 -62.1 | 0.000608 || -67.1 | 0.0003Lk2
-52.2 0.00190 -57.2] 0.00107 -62.2 | 0.00060L || -67.2 | 0.000338
-52.3 0.00188 -57.3] 0.00106 -62.3 ] 0.000594 || -67.3 | 0.000334
~52.4 0.00186 -57.4] 0.00104 -62.4 | 0.,000588 || -67.% | 0,000330
-52.5 0.00184 -57.5| ©0.00103 -62.5 | 0.000581 Y -67.5 | 0.000327
-52.6 0.00182 =57.6] 0.00102 =62.6 | 0.00057% |[-67.6 | 0.000323
-52.7 0.00179 -57.7| ©.00101 -62.,7 | 0.000568 || -67.7 | 0.000319
-52.8 0.00177 -57.81 0.000998 -62.8 1 0.000561 | -67.8 | 0.000316
-52.9 0.00175 -57.9 ] . 0.000987 -62.9 1 0.000555 || -67.9 | 0.000312
-53.0 0,00173 -58.01 0.000975 -63.0 [ 0.000548 | -68.0 | 0.000308
“53.1 0.00171 -58.1] 0.00096L | -63.1 | 0.0005k2 [l -88.1 | 0.000305
-53.2 | 0.00169 -58.2| 0.000953 || -63.2 | 0.000536 || -68.2 | 0.000301
-53.3 | 0.00168 -58.3| 0.000942 {| -63.3 | 0.000530 | -68.3 | 0.000298
-53.4 0.00166 -58.4| 0.00093L -63.4 | 0.000524 -68.4 | 0.000295
-53.5 0.00164 -58.5| 0.000921 -63.5 | 0.,000518 || -68.5 | 0.000291
-53.6 0.00162 -58.6] 0,000910 -63.6 - 0.000512 || -68.6 | 0.000288
-53.7 0.00160 -58.7.| 0.000899 -63.7 , 0.000506 | -68.7 | 0.000285
-53.8 0.00158 -58.81 0.000889 -63.8 | 0.000500 -68.8 | 0.000281
-53.9 0.00156 -58.9| 0.000879 -63.9 | 0.000k9k |l -28.9 | 0.000278
-54,0 0.00155 -59.01 0.000869 -64,01 0.000489 | -69.0 | 0.000275
54,1 0.00153 -59.1] 0.000859 ~6L.1 | 0.000k83 | -69.1 | 0.000272
-5h.2 0.00151 -59.2| 0.000849 -64.2| 0.000478 It -69.2 | 0.000269
-54.3 0.00149 -59.3| 0.00084%0 -64.3 | 0.0o0k72 || -69.3 | 0.000266
-54 .4 0.00148 -59.4f 0.000830 -6kl | 0.000467 -69.4 | 0.000262
-54.5 0.00146 -59.5| 0,000820 -6h.5 | 0.000461 || -69.5 | 0.000259
54,6 0.001Lk -59.6| 0,000811 -BL.6 1 0.000456 |[ -69.6 | 0.000256
~5k4,7 0.00143 -59.7! 0.000802 -6,7 1 0.000451 |t -69.7 | 0.00025k
-54.8 0.00141 -59.8| 0.000792 64,8 0.000446 || -69.8 | 0.000251
-54,9 0.00139 -59.9] 0.00078k -6.91 o,000441 } -69.9 | 0.000248°
-55.0 0.00138 -60.0| 0.000775 -65.01 0.000436 { -70.0 { 0.000245
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TABLE I

REA-TE & CM-LO7

Relationship of DBM Versus RMS Voltage Across

600 Ohms

Page 6 of 6 Pages
(-70.0 to -90.0 DBM)
(0.C00245 tou 0.000C2L5 Velts)

DBM VOLTS DBM VOLTS DBM VOLTS DBM VOLTS

-70.0 10,000245 -75.0 | 0.000138 {-80.0 10.0000775 -85.0 10.0000436
-70.1 | 0.0002hk2 -75.1 0.000136 [-B0.1  [0.0000766 -85.1 [0,0000k31
-70.2 |0.000239 -75.2 0.000135 !-80.2 |0.0000757 -85.2 |0.0000426
~70.3 | 0.,000237 -75.3 0.000133 1-80.3 [0.0000748 -85.3 10.,0000421
=70+ | 0.000234 ~T5.4 0.000132 {-80.4 |0.00007LO -85.4 |0.0000416
-70.5 10.000231 =545 0.000130 1-80.5 ]0.0000731 -85.5 10.0000411
-70.6 | 0,000229 -75.6 0.000129 [-80.6 ]0.0000723 -85.6 ]0.0000k0O7
-70.7 | 0.000226 ~T5.7 0.000127 {-80.7 10.0000715 -85.7 10.0000402
-70.8 " | 0.000223 -75.8 0.000126 [-80.8 |0.0000706 -85.8 |0.0000397
-70.9 | 0.000221 -75.9 0.00012k [-80.9 |0.0000698 -85.9 |0.0000393
-71.0 10.000218 -76.0 0.000123 [-81.0 |0.0000690 -86.0 10.0000388
-71.1 | 0.000216 -76.1 0.000121 }-81.1 |0.0000683 -86.1 [0,000038%
=71.2 }0.000213 -76.2 0.000120 ||-81.2 |0.0000675 -86.2 |0.0000379
-71.3 | 0.000211 -76.3 0.000119 [-81.3 |0.0000667 -86.3 |0.0000375
-T1.4 | 0.000209 ~76.4 0.000117 [-81.k |0.0000659 -86.4 {0.0000371
~71.5 | 0.000206 ~76.5 0.000116 |-81.5 |0.0000652 -86.5 [0.0000367
-71.6 | 0.00020L -76.6 0.000115 [[-81.6 [0.00006kkL -86.6 |0.0000362
-71.7 {’0.000201 -76.7 0.000113 [{-81.7 |0.0000437 -86.7 10.0000358
-71.8 | 0.000199 -76.8 0.000112 [-81.8 |0.0000630 -86.8 |0.000035k
-71.9 | 0.000197 -76.9 0.000111 {|-81.9 |0.0000622 -86.9 |0.0000350
-72.0 | 0.000195 -77.0 0.000109 |1-82.0 |0.0000615 -87.0 10.0000346
-72.1 | 0.000192 -77.1 | 0.000108 ||-82.1 |0.0000608 -87.1 |0.00003k2
-72.2 | 0.000190 -77.2 | o.000107 [|-82.2 }0.0000601 -87.2 |0.0000338
-72.3 | 0.000188 -T7.3 0.000106 |[-82.3 |0.0000594 -87.3 | 0.,0000334
-72.4 | 0.000186 ~TT b 0.00010% {-82.4 |0.0000588 -87.4 |0.0000330
-72.5 | 0.000184%  |I-77.5 0.000103 [-82.5 |0.0000581 -87.5 |0.0000327
-72.6 | 0.000182 -17.6 0.000102 {[-82.6 |0.000057% -87.6 |0.0000323
-72.7 | 0.000179 =777 0.000101 |-82.7 |0.0000568 -87.7 {0.0000319
-72.8 | 0.000177 -77.8 0.0000998 {-82.8 |0.0000561 -87.8 | 0.0000316
-72.9 [ 0.000175 -17.9 0.0000987 {-82.9 |0.0000555 -87.9 {0.0000312
~73.0 | 0.000173 -78.0 0,0000975 | -83.0 | 0.0000548 -88.0 |0.0000308
~73.1 | 0.000171 -78.1 0.0000964 | -83.1 {0,00005k2 -88.110.0000305
-73.2 | 0.000169 -78.2 0.0000953 [ -83.2 | 0.0000536 -88.2 [ 0.0000301
-73.3 | 0.000168 -78.3 0.0000942 | -83.3 | 0.0000530 -88.3 [0.0000298
=73.4 | 0.000166 -78.4 0.0000931 [ -83.4 | 0.0000524 -83.4 10.,0000295
-73.5 1 0,000164 -78.5 0.0000921 }| -83.5 | 0.0000518 -88.5 | 0.0000291
-73.6 | 0.000162 78, 0.0000910 [ -83.6 | 0.0000512 -83.6 |0.0000288
-73.7 | 0.000160 -78.7 0.0000899 | -83.7 | 0.0000506 -88.7 | 0.0000285
-73.8 | 0.000158 -78.8 0.0000889 | -83.8 | 0.0000500 ~-88.8 | 0.0000281
-73.9 | 0.000156 -18.9 0,0000879 [ -83.9 | 0.0000494 -88.9 | 0.0000278
-74.0 | 0.000155 -79.0 0.0000869 |l -84.0 | 0.0000489 -89.0 | 0.0000275
~Th.1 | 0.000153 -79.1 0.0000859 || -8L,1 [ 0.0000583 -83.1 [0.0000272
~Th.2 | 0.000151 -79.2 0.0000849 | -84,2 [0.0000478 -89.2 | 0.0000269
-74.3 | 0.0001k9 -79.3 0.00008L40 [ -84.3 |0Q,0000472 j89.3 0.0000266
-Th.4 | 0.000148 -79.4 0.0000830 1 -84,k | 0.0000467 89.4 | 0.0000262
-74.5 | 0.000146 -79.5 0.0000320 | -84,5 | 0,0000461 -89.5 | 0.0000259
~Th.6 | 0.00014} -79.6 | 0.0000811 || -84.6 | 0.0000L56 -89.6 1 0.0000256
=747 | 0.000143 -79.7 0.0000302 || -84.7 | 0,0000451 -89.7 | 0.000025k
-T4.8 | 0.000141 -79.8 2.0000792 | -84.8 | 0.00004L46 -89.8 | 0.0000251
~74.9 | 0.000139 -79.9 0.000078L || -8L,9 | 0.0000Lk1 -89.9 | 0.0000248
~75.0 1 0.000138 -80.0 0,0007775 1 -85.0 | 0.0000436 -90.0 | 0,0000245
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REA-TE & CM-LOT

TABLE IT
"WET" TO "DRY" ATTENUATION CORRECTION FACTORS )
Factors by Lhich "Wet"™ Attenuation should be Multiplied to Obtain
“Dry" Attenuation for Various 8-Inch Spaced Facilities.
Frequency Copper - Steel L1044 | 109
in ,080Y . 080" <102k ,104% Ccu Steel
KC (30%) (40%) (30%) | (40%) AT
Coated
1 .90 .99 .99 .97 .93 e
50 .95 .90 .90 .86 .83 .98
100 .92 .89 .87 .85 .80 .98
200 .86 .85 .82 .82 .77 .98
300 8L .82 .79 .80 o Th .90
360 .81 .79 77 .78 72 1 .88 |
TABLE III i

TEMPERATURE CORRECTION FACTORS

Class of Facilities

Approximate No, of Degrees
Fahrenheit change for 1%
Change in Attenuation = D

Loaded Cable, Voice Frequencies 5
Non-loaded Cable, Voice Frequencies 10
Non-loaded

cable, Carrier !Frequencies 10
Open-wire, Voice Frequencies 10
Open-wire, Carrier Fregquencies 5

TABLE IV

REFLECTION LOSSES IN DB FOR VARIOUS DISSIMILAR FACILITIES

FROM 1 TO 400 KC/S
(Pages Sk to 56 )

Cable Characteristics:

Open Wire Characteristics:

at 1 XC/S. (All Paper Insulated)
26 GA: 0.079 mfd/mi.
2k GA: 0.08k mfd/mi.
22 GA: 0.082 mfd/mi.
19 GA: 0.084 mfd/mi.

above ;_ggég

2l GA: 0.088 mfd/mi.
22 GA: 0.073 mfd/mi.
19 GA: 0.084 mfd/md.

8 inch spaced.

(Paper)
(Plastic)
(Paper)

5k
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TABLE IV

REFLECTION LOSSES IN DB AT 1 KC/S

CABLE OPEN WIRE
FACTLITY 26 Gh., 2L o4, 22 GA. 19 GA.,  [109 STEEL|  COPPERWELD 06 | 600
w8 P88 HLL|N.L. HE38 B83 HLL|N.L. HBS B8Y N.L. B33 BB 85= 30% LOZ 30% LOg| COPPER| A
HLL Hilli3s 190 ol ton 380 o080
26 NOL wo? =l =ell 4ol =03 =62 =oli +.3 'oh "'011 -2 1 +o9 -.5 -.S "03 0 +ol =01l =.1 0 ol =02 —-4
26 HB8 X 0 0] +s1 O 0 4ol 4.5 0 =l 4,2[41.2 0 =1 +o3] O 0 [+.2 462 O +.1] ek -4
26 B8S X O] +.2 41 0 1,31 4B 452 0 +,5141B 4a2 0 +o6] 0 =1 4¢3 a5 O +.2] 4.7 .9
26 Hhk X 0 =1 © O +olt =02 =02 +,1[41:0 +.2 =,2 O] ¢o1 41 1 O 2,1 O 0] +01 1
2,.& HoL' x ".1 "‘01 ’ol 4’.1 "03 -al ‘02 “05 -.S -;2 "o!.l "’02 4‘0& "02 -.2 +o2 "01 -'3 - 6
2l H38 X 41 0] 42 0 0 420410 0 0 +.2] 0 0 [|+e1 41 0 O] +.3 .4
2l B38 X 4.2] 4.6 4.2 0 2.4 46 4.2 0 4.6f =l =] [+.2 4+ O 4.1 +.6 -9
2h Hi X f 4ol =l 4ol O | +s6 =1 O 0} +.2+310 0 0 0 0 o
22 N.L, X o} *‘o}.l lf 4.1 =22 "‘ch -o3f +o8 +e9 0 0 +QS +o2 -33 -6
22 W38 I+l 4,18 47 O 41 42 O © o] 0 =e2 =oll +.2 .3
22 B88 X +.3 “'1-3 4‘01 0 "os -o?l ".2 +o1 +03 -02 o] 4’05 .7
22 Hih X § 463 0 4.3 0] #6346 ] O 0 +.1 O 0 o
19 N.L. X +05 “102 0 4‘1'5‘5108 +05 +oh +l.1 "07 [¢] -4
19 HBB x 4'ol 4‘01 0 O --1 0 -.3 -.1 ‘.‘.1 3
19 B88 X +oli] =e2 =02 f4ol 4.2 o3 0 +.5 -7
19 HLb X{+h+5/0 =1 0 O] O o
109 Steel .
(85 or 135) X 0] +e2 "'03 +ol 462 +oh v 6
%?‘990?‘931 X "‘03 *oh 4+l  +02 *06 .7
L .wO
%f ¢ X 0 +2 O0f 0 o
igg Co¥, X 442 +sl O —-4
%g C.w. X 0 ‘.2 i L
080 C.W. '
hos; X 4ol O
Note: Negative sign indicates reflection gain.

LOY = Wo % mr-vay
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TABLE IV. REFLECTION LOSSES IN DB.
e . - -
2.5 XC/S. (Use Also For 1 to 3.5 KC/S) 5 KC/S (Use Also For 3.5 to 6 XC/S) ]
Cable Open Wire 600 Cable Open Wire 600
e *"l"',; Toon T-o867 1,680 chms AT BV AR R T IoLT 02" o o ohms
Facility | 2k | 22 |19 |109" |10k [-30K) -%gs) <0B9Y 10891 rests 2h [ 22 | 19 | 1097 c1ow]-308)[ 1587 [ 0B9) [-059) | rest
oa | ca |oa lsteer|cu Joiao) [otd? otd et feive GA | GA | CA | Steel CU ;\c-s c-8 "lc-s " jc-8 " | tive
2k oA s -- o lo.z | 1.1]-0.3]-0.2/ 0 |0.2 0.3 -0k - o 0.3' 0.8:-0.1 | 0.1| 0.2] 0.3] 0.5]-0.1
} L
4 N S D
7 i
22 GA o} -1 o0 1.0, -0.2{ 0 [0.1 ;0.2 |0.k [-0.4 ol -- o.zj 0.9/ 0.1 ; 0.3 o.k| 0.5} 0.6| 0.1
19 ca 0.2 | o0 - | 23} 0.k0.7 |09 1.0 l1.2 o3 0.3 | 0.2t -~ 2.9]11 ] 23] 1.4) 1.6} 1.7] 11
109" : i . j ; i
stg‘;’l i 23] -- okiok 03 03[0 ok 0.8 | 0.9/ 2.9f -- jo0.3 | 0.3] 0:3] 0.2; 0.2| 0.3
S SRS SUU ;
éSl‘ : okt 0.k -y 0 o 1o o0 lo -0.1 | 0.1) Lif 0.3 --: 0 0 0 ol o
{ e ek L [ TR s
“Tob" (40 : ‘ ‘ ; ! '
c-s( ) 0.2 i o o.7f ok ol -1 o0 o 0 0 0.1 | 0.3 1.3’ 0.3 o | - o 0 o 0
102 (30)1 o i01} 09 037 of o] - jo0 |o 0 0.2 | o.4 l'J‘J_O'3 o | o - ol ol o
: e 1
.080" (& P ! )
C?S (40) ! 0.1 i 0.2 1.0 0.3{ 0 j 0 ] -—— ] -0.1 0.3 0.5 1‘6;. 0.2 1) 0 o) _— 0 o
" i i
- ! ! T ; f
.Og?s (30} 6.3 {04 | 1.2 0.2] o l 0 ol 0 -~ |-0.1 0.5 | 0.6] 1.7; c.2| o ° 0 ol —— | 0.1
505“‘—“1_;)‘4“!“0‘1; "o~3“ 0.k o ! ) 0 |-0.1 | =0.1] == -0.1 | 0.1 l-lﬁ0~3 Y 0 0. 0|01 -
Ohms NaERe - N : ; e - . i
7.5 XC/S. (Use Also For 6.0 to 8.5 KC/S) 10 XC/S (Use Also For 8.5 to 15 XC/S)
Cable Open Wire 600 Ceble Open Wire ) {622
™ ™ +r T AT Johm T i ; obms
Faclitty | 2h | 22 | 19 |-10971.IORTT3QRIE 3OBY ?Eo; T?881)' rests 2b [ 22 | 19 [.209"] 20420007 202"T.CBOTT 080N ey g
ch | on | oa [Steed] 00 Joig® o3 1ofg™ ol ENT | | Loa | oA | oa Jsted| ‘ou |okO) (300 |0(k0) | (300 TITCT
24 GA - o] 0.3} 1.-! 0.2]0.3 0.4} 0.5 [ 0.6 | 0.2 . o 0.2] 1.9 0.6 0.7: 0.7) 0.8 0.9} 0.6
22 A 0 - 0.2 2.1 0.6] 0.7 0.810.9 10.9 | 0.6 0 - 0.2| 2.2 | 1.0} 1.0/ 1.1| 1.1 1.1; 0.9
:
19 GA 0.3} 0.2i =--f 3.2f 1.7/1.8 | 1.8{2.0 {2.1 | 1.5 0.2 | 0.2 -- | 3.4} 2.1 2.1] 2.1 2.1 2.1 2.1
t 3 H
.109 1.5] 2.1] 3.2] -- 02|02 ! o2iol |01 oz 1.9 2.2) 3.kl -1 o] o.2! 0.2; 0.1 0.1 0.1
Stesl
'égl*" o.2! 0.6 1.7} 0.2 0.6 | 1.0, 2.1} 0.1
b .
- 10k 0.3 o.7{ 1.8] 0.2 '
49) o-s ; ¢ L 0.7 1.05 2.1] 0.2
.102" ¢ o4 0.8] 1.8] 0.2 0. 1.1} 2.1} o.2
(o) cs § 0t 7ERO Tz 2 ZERO0
.80 I 55l g 2.0] 0.1 0.8 | 1.1} 2.1} oa
(40) Cc-5 | 52 ° ‘ H :
_B0" | r, L
(30) -5 | o.6i 0.9 2.1} 0.1 0.9 [ 1.1 2.1 0.1
600 ohms, | ‘ ' : 0.6 ¢ 0.9} 2.1f 0.1
resistive | 0.2{ 0.6. 1.5 0.2 J i i

Note:

Negative sign indicates reflection geain.

1oy-¥o B AT-vau
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TABLE IV. REFLECTION LOSSES IN DB,
20 KC/S. (Use Also For 15 to 25 KC/S) 30 XC/S. (Use Also For 25 to 50 KC/S)
Cable Open Wire sggs Cable Open Wire gggs
Fecility ok | 22 | 19 |.109" |.10k" |-10LT |-1087 [-0BG" [. 080" °esis 2 | 22 | 19 |.109" |.104"{-104" [-102" [-0Bo" .0B0" I CoiC
ca | oa | ca jsteed | cu |,(20) (3021 (300} (30) [TT20 oA |ca | oA |steer| cu |old0) 1(30)].(30) | (300, (o)
t ] }
2k A _— ° 0|25 |1k 15 115115 15! 1k -] 0 o l2.6 17|18 182020 17
22 ca 0| —- o1 |26 16026 17 |18 16156 0 | -- o129 19 1.9 20]22 22, L9
19 GA 001 | - |35 26 2626, 28 2.8 | 2.6 o |oa| ko 29 29 293131 29
T109" : K o
stgzl 2.5 | 2.6 | bo| -~ o1 o1loijo01 o01!loa1 2.6 |29 | b8
'égl‘" 1.4 | 1.6 | 2.6]/0.1 1.7 | 1.9 | 2.9
.I0N" (50)[ 1.5 | 1.6 | 2.6] 0.1 |
c-8 5 1.8 {1.9 |29 ZERO
-102" (30)f 1.5 | 1. 1.8{ 0.1 2
o8 5 7 ZERO 1.8 2.0 2.9
.080" (4o0) .
o 1.5} 1.8 | 2.8} 0.1 -2.97 2.2 | 3.1
.gsg" (3915 |1.8 | 28|01 2.0 | 2.2 3.1
600 Ohms 1.k} 1.6 2.61 0.1 1.7 | 1.9 | 2.9
100 KC/S. (Use Also For 50 to 200 KC/S) 300 KC/S. (Use Also For 200 to 400 KC/S)
Cable Open Wire 600 Cable ; Open Wire }600
Facllity . o 151 305" 1. 108 o5 1087 . 6807 | . 080" ohms " T " 8)5" ogr ?Eo" 5 ]Ohms
2 .109" |10k |- . . . resis 2 22 | 19 |.109" Li04" | - 3025 . 080V resis
Gh| ca | ca |steer| cu |o(#0)](30)) (40)| (30N \s e GA | GA | GA Pteel! cu i cis ) cié ¥ elg )'cfgo)ltive
2k GA -] o fo1] 34|30 303032 3.2] 3.0 -l o] o1y 36! 3.1; 310 3.2 341 3.4 P31
g ca Ot .- | 0|30 25]|25]|26 26 27|25 0 - |o1f32el2r| 28] 28 292928
19 GA 0.1} 0 | - | 3.7 3.0/ 3.0] 3.2 3.1 3.3| 3.0 0.1] 0.1} -~ | 3.5 3-li 3.14 3.2, 3.k l 3.4 0 3.1
-109" 4 .0 . . . .
Shoot 3 3 3.7 3.6 3.2| 3.5 }
.égk" 30| 2.5 3.0 310 2.7 3.1
I T
é(_)ls‘ B} 501 251 300 3.1} 2.8 3.1
'é"g" (39| 30| 2.6 3.2 ZERO 3.2/ 2.8 3.2 ZERO
= t
080" (o)l 32| 2.6 | 31 3] 2.9 3.
-080" (30) 1
cs 3.2 %.7 3.3 3.k 2.9 3.4
600 obms | 3-0] 2.5 | 3.0 1 ‘2.8 3.1
Note: HNegative sl dndientes v 00 oting an

J+~¥0 %# qL-VEY



REA-TE & CM-407

TABLE -V

CORRECTION FACTORS TO BE APPLIED TO THE
VOLTMETER READINGS IN THE PRESENCE OF NOISE,

D F D F
0.5 ‘ 8.8 7.0 0.7
1.0 ! 6.5 7.5 0.6
1.5 : k.7 8.0 0.5
2.0 3.4 8.5 0.4
2.5 2.7 9.0 0.3
3.0 2.2 9.5 0.3
3.5 1.9 10.0 0.3
k.o 1.7 10.5 0.25
4.5 | 1.4 11 0.20
5.0 1.3 12 0.20
5.5 1.1 13 0.20
6.0 0.9 14 0.10
6.5 0.8 15 0.10

PROCEDURE: Measurements performed according to
paragraph 9.03 in text,

1. D represents the difference of levels in db
of steps 1 and 2, paragraph 9.03.

2. F is the value corresponding to above
difference that must be subtracted from
reading of step 1, par. 9.03 to obtain
true signdl level.

NOTE: Correction applies to average reading

a.c.-vtvm such as H. P. 4OOD or H types or
equivalent.
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