BELL SYSTEM PRACTICES SECTION 362-400-510
Plant Series ) Issue 4, Janvary, 1964
AT&TCo Standard

TYPE N AND ON CARRIER REPEATERS — REPEATERED HIGH-FREQUENCY - LINE
GENERAL INFORMATION — METHOD OF COMPUTING CARRIER SLOPE

This section is reissued to add slope computation values and to make minor corrections.

Slope equalization is accomplished by frequency inversion at each repeater and allows one sec-
tion to effectively compensate for the slope introduced in the previous section. Slope equalizers
are provided in each repeater and group receive unit to correct for the accumulated deviation
along the line. These equalizers are under the manual control of the SLOPE switch, mounted on
the front of the unit, and are adjustable in three steps designated A, B and C.

This section gives the step-by-step procedure to be followed in determining the slope and in plot-
ting the computed slope line of all N, ON1 and ON2 carrier systems. All values for the most
common system arrangements are included. Procedures are included for determining the values
for less common system arrangements.

In order to obtain consistent results, the method of least squares will generally be used for slope
computation. A plot of the carrier levels should also be made as an aid in detecting equipment
or line irregularities.

In cases where the slope plot indicates a relatively smooth line, the graphic method of determin-
ing slope may be used. However, this method should not be used when the plotted line indicates
bulge or other deviations.

Form E-4558-4 is used for determining and plotting slope on ON1 systems. Form E-4558-6 is used
for determining and plotting slope on N and ON2 systems, (Form E-4558-6 replaces Forms
E-4558-1, -2, -3 and -5.) Forms E-4558-1, E-4558-2 and E-4558-3, in stock, may still be used for
determining and plotting slope on N systems. Use the procedures outlined in this section and the
values given on the forms. Form E-4558-5, in stock, may still be used for determining and plot-
ting slope on ON2 systems. Use the procedures and values outlined in this section.

STEP PROCEDURE

(A) Preparation (See Fig. 3)

When Form E-4558-6 is used, the required factors for most situations are printed on
the back of the form. The values for columns (a) and (b) are arranged so that the
back page can be folded and placed over the front of another page for this portion of
the computation.

1 In Block 1 of the form being used, enter the required values in columns (a) and (b).
(Or use the method described above.) See Figs. 1 and 5 for ON1 or Figs. 2, 3 and 4 for
N & ON2.

2 In Blocks 2, 3 and 4 enter the K, M and N values.

3 In Block 1 of the form, record the channel carrier output readings of each carrier in

column (c), if positive, and in column (d), if negative.
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STEP PROCEDURE

4 Determine the scale to use in Block 5. Cross off the unused scales. (If necessary fill
in the scale on the left hand side as required.)

5 Plot the measured values of the channel carrier outputs [columns (c¢) and (d)] in the
graph section of Block 5.

6 Determine the slope using Part (B) or (C) as required.

(B) Computation Using the Method of Least Squares (See samples in Figs. 4, 5 & 6)

1 Multiply the readings of column (¢) or (d) by column (a) or (b), as indicated, and re-
cord in column (e) or (f).

2 Total the figures of columns (c), (d), (e) and (f).

3 Determine the difference between the totals in columns (¢) and (d) and retain the sign
of the larger — call this difference (g).

4 Determine the difference between the totals in columns (e) and (f) and retain the sign
of the larger — call this difference (h).

5 Enter in Block 2, in the space provided, the value and sign of (h) as determined in Step
4, and divide by the constant (K) shown.

This determines the output slope (S) of the individual carriers and should generally
be positive for a high group output and negative for a low group output. The design
slope requirement is obtained from the circuit layout card.

6 Enter in Block 3, in the space provided, the value and sign of (g) as determined in
Step 3 and divide by the constant (M) shown. This determines the value of the Y inter-
cept Yy,.

7 Enter in Block 4, the value and sign of the slope (S) as determined in Block 2, and mul-

tiply by the constant (N) shown. The result retains the same sign as the slope (S). To
this, add algebraically the value of Y, determined in Block 3. This is done as follows:

If both the product NS and Y, have the same sign, add directly and use the same
sign for Y».

If NS and Y, have different signs, subtract the smaller from the larger and use the
sign of the larger for Y,..

8 Determine the location of the Y, line from the back of the form. Draw this line in
Block 5.
9 On the Y, line plot the value determined in Block 3; and on the Y, line plot the value

determined in Block 4. Draw a straight line through these two points extending from the
first to last carrier.

This line represents the computed slope as determined by the method of least squares.
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(C) Computation Using the Graphic Method (To be used only when the plotted slope line in
Block 5 is nearly straight). (See sample in Fig. 7)

Draw a straight line connecting the highest peaks of the slope plot and extend the line
to the ends of the graph. Call this line A-B.

Draw a straight line connecting the lowest valleys of the slope plot and extend the line
to the ends of the graph. Call this line C-D.

Note: If these two lines are not nearly parallel, the method of least squares should
be used to determine the slope.

Draw a straight line connecting a point midway between A and C to a point midway
between B and D. Call this line S-S. This line is the optimum slope line.

The slope value is the difference in level on line S-S at channels 1 and 12 (or channels
2 and 13).

(D) Determining Values for Form E-4558-4 and -6 (See examples in Fig. 8) (Required only when
values are not given in Fig. 1 or 2)

The value of M to be inserted in Block 3 is the same as the total number of channels
(or carrier) used, including the level control oscillator (LCO) if used.

Determine the weighting values (W) for columns (a) and (b) in Block 1 as follows:

(a) Using Table A, determine and list the X value for each carrier used.

(b) Add all X values and divide by M (total carriers). This gives the average X
value (X,.).

(¢) Take the difference between each X value and the average X value. If the aver-

age X value is larger the difference goes in column (a) ; if the X value is larger,
the difference goes in column (b). X,, — X = W, column (a); X — X,., = W, col-
umn (b).

To determine the value of K for Block 2; square each value obtained in Step 2(c), add
these and divide by 22. K = sum of all W2 =+ 22. (Use Table B for numbers squared.)

To determine the value N; subtract the X,, value from 23 (for the basic N arrange-
ment of channels 1-12), from 24 (for ON1) or from 25 (for ON2 and the basic N ar-
rangement of channels 2-13), and divide the difference by 22. N = X;, (or X;, or X;3)
— X, + 22,

To determine the position of the Y, line, using Table A, determine the carrier number
corresponding to the X,, value.

TABLE A

X N ONI1 ON2 X
VALUE CHANNEL CARRIER GROUP CARRIER GROUP VALUE

1 1 1

2 1 2

3 2 1 3

4 2 1 4

5 3 2 5

6 6

7 4 3 3 7

8 2 8

9 5 4 4 9

10 10

11 6 5 11

12 5 3 12

13 7 6 13

14 6 14

15 B 7 15

16 LCO LCO 4 16

17 9 7 8 17

18 18

19 10 8 9 19

20 5 20

21 11 10 21

29 9 22

23 12 11 23

24 10 6 24

25 13 12 25

TABLE B
Table of Numbers Squared
.0 1 .2 .3 .4 .5 6% 7 .8 .9

0 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0
1 1.0 1.2 1.4 1.7 2.0 2.3 2.6 2.9 3.2 3.6 1
2 4.0 4.4 4.8 5.3 5.8 6.3 6.8 73 7.8 8.4 2
3 9.0 96 102 109  11.6 123 130 137 144 152 3
4 160 168 176 185 193 208 212 221 234  24.0 4
5 250 260 270 281 292 308 814 325 336 348 5
6 36.0 372 384 397 410 423 436 449 462 476 6
7 490 504 518 533 548 56.3 578 593 608 624 7
+8 640 656 672 689  70.6 72.3 57 T4 T9.2 8
9 81.0 828 846 865 884 90.3 922 941 960  98.0 9
10 | 1000 1020 1040 1061 108.1 1103 1124 1145 1166 1188 10
11 | 121.0 1232 1254 1277 1300 1823 1346 1369 1392 141.6 11
12 | 1440 1464 1488 151.83 1538 1563 1588 161.3 163.8 1664 12

* Sample: 8.6 squared = 74.0
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ON 1 CARRIER
ENTRIES FOR FORM E-4558-4

ON1

ISS 4, SECTION 362-400-510

GROUPS EQUIPPED

1LCO

1-5 1,2 3,5LC0 1,2,3,4 1,2,3.LC0 1,2.L.C0
CHAN. | MULTIPLY
CHAN. | MULTIPLY | cyay, | MOLTIPLY | CPA BY CHAN. | MULTIPLY | cyan. | MULTIPLY | oy, | MULTIPLY
BY BY BY BY
OR OR CARR OR OR
CARR. [ _ | + | CARR. No. | _ |, | CARR. [ . | CARR. [_ T+
1 1 -
2 2 1 1
3 3 2 2
4 4 3 3
5 5 4 4
6 6 5 5
7 LCO * 6 6
8 9 7 LCO*
9 10 8 -
10 - - -
K 23.2 K K K
M 10 M M 8 M
N 50 N 54 N 61 N
. - . 0.0 ’ - . 7.0 * 85 * 105
* REDUCE MEASURED VALUE OF
LCO BY AMOUNT SHOWN.
YO POSITION
2 3| 4 5|6 g7
)
1Lco 1,23 45
1,2 LCO 1,2,3,5 LCO
1,2,3 LCO 1,2,3,4

Fig. 1 — Information for Form E-4558-4 (ON1 Carrier)
(on back of revised Form E-4558-4 also)
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E 4558-6 (11-63)

N CARRIER
CHANNELS EQUIPPED N CARRIER Y, POSITION
12 113" 11 | A&BPROG 0 :
CHA - + - + - +
WL la|ole | oo o CHAW
- 5 6 7 8 9 10 N
6 7 8 9 10 1t 12
A &B PROG. CHAN.
3%, 11
1-12 or 2-13
ON 2 CARRIER Y, POSITION
S HH
s I
2 3|4 5 [ef] 728 9
-l
1 LCO
1,2LC0 1,23 45,6
1,2,3L00 1,23,5,6LC0
1,2,3,6 LCO 12,356
ON 2 CARRIER
GROUPS EQUIPPED
1.2,3,4.56] 1,2.3,5,6 |1,2,3,5,6LC0[1,2,3,6LC0] 1,2,3LC0 | 1,2LCO TLCO
+ + N A e N P I
Q ® | @
-6.2 1
4.2 2
-2.2 3
4.2 4
5
6
7
....... LCO
8
9
10
11
.......... 12
K
M
N

Fig. 2 -~ Form E-4558-6 (back)
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BACK OF FORM

ISS 4, SECTION 362-400-510

E 4558-6 (11-63)

N CARRIER Y, POSITION
A
channeL /| HER H tH
5 61/71 8 9 1w
6 7{le 9 10 W 12
Ag&B PROG. CHAN.
MY 1
1-12 01 2-13
on 2 #RRIERY, POSITION
T 0T TI
HHH it
Sasaasas i
1 T 1
2 3 51 5 |6ff 798 9
FRONT OF FORM a
1100
E4558-6
SLOPE COMPUTATION N or OWCARRIER | 1L.2L00 T23456
K @ 1,2,3LC0 1,2,3,56LCO
BLOCK 1 12,3L00 1,23,
WULTIPLY PUT/ PRODUCTS | DATE SYSTEN WA D 2 P 1,2,3/6 LCO; 123,56
o B A7 n @@ TESTER LOCATION ) ® W/ N
CARR, 1 )(e)| (b)<(¢y| SLOPE SETTING TYPE EQUIP. /
NO. - ~ .
(a) o | © (d) (e) [} TEMP, DIRECTION
1 CHANNELS o GROUPS USED ON 2 CARRIER
§ BUILD OUT EQPT VALUES AL___ SP / GROUPS EQUIPPED
/ 123,456 L2456 1,2356LC0[1,23,8LC0] 1,2,3LC0 | 1,2LC0 TLCO
2 BLOCK 2
5 w;ﬂ“&‘g'}j&ga DETERMINATION OF SLOPE
t m = = = =
g Channel is used, SLOPE= § -(E)- /
reduce measured 4
Lco* value by 5.0 db DESIGN SLOPE P /
4 BLOCK 3
9 *ON CARRIER DETERMINATION OF -
10 GROUPS  REDUCE vy 0.1
u USED  MEASURED I )
2 (+LCO)  VALUE BY e
13 . 1Ls DETERMINEZION OF Y,
TOTALS 12 1.0 Y=
DIFF. BETWEEN COL. . 12 90 | Nxs = =
{c) AND (d); (&) AND (f) ® ® 123 70 Yy =
RETAIN SIGN OF LARGER 12356 0 Yi = (Su)
+6 ?'f_c - 5_ -0 -2 )
| ] HH o
+5 glu| |=»
| ] §
+4 4 g 12 % /
[-=4
+3 S5 18| |-
- = /
+2 -6 114 / %
# 1 H H-7 1A &l -
M e T T s o = s
gl o -8 | |l | E
L £ |27 @
2| - o4 | 8| | E
B z & I
2| -2 ] -10 18| 2|3
-3 -t -19 -31
& - 2 |E|m| |
L 1E E
gl s B Zra -8
g E| Lk g
£l |g|® ' 8| gla| | CROSS OFF SCALES
S § HH al | NOT USED
#1 2 3 4 /5 6 728 98 10 11\12 (3
2 3 4 5 (86 7 8399 10 1 12 )3
CHANYEL OR CARRIER NUMBER

Fig. 3 — Location of Information on Form E-4558-6

(N Carrier)
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SLOPE COMPUTATION  N_or.ON-CARRIER

ISS 4, SECTION 362-400-510

E 4558-6 (11-63)

N CARRIER ~_BLOCK 1 '
- — 60D -
HANNELS EQUPPED___~\| outpur |_PRODUCTS | DATE 3 3 ¢ SwTeM LAl _cle ~/7/
e dn  |@x@]@x©)]| TESTER MM A].  rocaTON G /le Lo - ST3 -
13"/of11 { A&BPRO oR | OR 7 -
- - " d)(0)| )x(e)| SLOPE SETING _A ____ TYPE EQUIP. e
\_ @ | ® olaldl o|moe_620° DIRECTION ___ & - &J
1. g‘:/ g 7,‘; CHANNELS or-6RetPs usep_A< 4 14019. Lhay
. 5.
<3 BUILD OUT EQPT VALUES AL__~ P__4 &
1.9112. 4 BLOCK 2
wn:ﬂ"}&“gg‘fﬁgm DETERMINATION OF SLOPE ($)
o W Channel is used, SLOPE= § = -(El = 3—3,5_ =423
ed
ol by 80 DESIGN SLOPE __ £ 2-2
6./ 0.2
BLOCK 3
54 2.7 *ON CARRIER DETERMINATION OF Y,y
! g1 GROUPS  REDUCE y @3k
o 79, % USED  MEASURED Wy 9L
3 KV (+LC0)  VALUE BY BLOCK 4
6 4.8 1 L5 DETERMINATION OF Y,
) 23.728 0.4 4, 10,0 YN+ Y
L .51 0.4 123 W | Nxs=yx23 =+ 3 2
M ® S ) 1236 10 Yo =~ O/ L
RETAINSIGNOF CARGER, — 2+ & |+ 233.0 | 1y 40 Y2="73.0 (SUM)
+6 Ty ~ 3 wn 10 2
i Valves & colomn sy Y+
+5HH -3 41 -2
T ( ’é.) ? ’lc, (A ) f. Fobn
+4 -4 . .
A b2k o £ + ro A 2 2
+3 AREE -1 _25
+2 -6 -1 -2
'\ + 4 -1 _zt N
[« 4
%—J 0 a Loc 2 'é’/:m oF ro /m [4
[+
E B f/ra»‘ back O‘F ‘R"’"
Q 1
-2 -10 % -
N T it e 1
-4 5 6|/ 8 9 10 1 _ ]
6 74 9 w0 1 1 2 2
e
-6 2 14 -
N — ot
_ HHTY i 44 H .$
1 2 3 4 5 6 7958910 11 12 13k

1) 7 (- 2= o

5 1
CHANNEL OR CARRIER NUMBER

L4

PRINTED IN U.S5.A,

Fig. 4 — Sample Calculations Showing Location of
Information

Page 7



SLOPE COMPUTATION ON{

ISS 4, SECTION 362-400-510

B-L558-L (L-~58)

GROUPS /2,3, 4c2

BLOCK 1
CHAN. 1 TP ouTPUT PRODUCTS | OATE_7-27= G2  systemSe2 OV L4 ~Sugh
ULTIPLY | OUTPU
C(A)\RRR BY abm [l MORLCH esTeR £ LocATIONSBAR NI N
+ | - [bhxiafib)x(d)] sLoPE SETTING TYPE EQUIP___/7L ngzg
+ -—
le) | td) | te) | ) 1 tepp y £ DIRECTION __ &= 4J _
BLOCK 2 ©
DETERMINATION OF SLOPE (S
%3. "
://}'zzzl SLoPE: § = () 553 =7 ¢
. . A
£'L/ IJa‘/ 7'3
201 .07
f 23.% BLOCK 3
9.0 uy, | DETERMINATION OF Yo
’q »O
K‘J S73 Yo:LMqL .z §— . ‘6'7
5
BLOCK 4
TOTALS Wo 479 /Z-(Z DETERMINATION OF Y5
1 - [ Y’z =Ns + Yo
DIFF. BETWEEN COL. y . b~ 2
() AND (d);(e) ANDIf g7 (,,,(77 NxSzggx 202 - .9
RETAIN SIGN OF c$3 Yo: ~6:
LARGER -73.0 | -S> Yig= -/ 2./ {SUM)
* MEASURED VALUE LCO
REDUCED BY7 pdb. +6 BLOCK S o
Y2
+b
H3HE
2 &
|
D S
4
=]
-p
-b
-6
1y 2 3 5 6 S 8 9 10

7
Yo CARRIER NUMBER

Printed in U.S.A

Fig. 5 —Sample Calculation (ONT) Using Method of

Least Squares
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SLOPE COMPUTATION  Ner=8N-CARRIER

ISS 4, SECTION 362-400-510

E 4558-6 (11-63)

BLOCK 1

-L7-€3 ) -
cian. | WULTPLY | outpur |_PRODUCTS | DATE 1 SYSTEM _/ Dﬁ H A
OR BY dn (@@ TesteR__ RN rocanion Delfs S
CARR. (b)x(c)| (b)x(d)| SLOPE SETTING __ < TYPE EQUIP. HL Kﬁdf,‘
NO. - + + - + - é z o
@lo|lol|lol| ol ol DIRECTION £ -+J
—t CHANNELS eraRotPsUSED 2 —/J
2 |y (S|us ¢
3 7 49 BUILD OUT EQPTVALUES AL_O sp__ 4
4 7 2 |73.4 BLOCK 2
5T s 2./ |33 wn;ﬂ"&“g';'rﬁ:mm DETERMINATION OF SLOPE (5)
A £.4264 Channel is used, SLOPE= S = () = /%"= _¢ ¢
Z_ { 76| 76 reduce measured -7 0
160 value by 5.0 db DESIGNSLOPE _~ /- <
8 / /6.2 [0
BLOCK 3
9 3 /-0 .30 *ON CARRIER DETERMINATION OF Y
10 'S 29 0.0 | GROUPS  REDUCE y = @247
1 9 K 233 | USED  MEASURED oW T " 72
12 ’9 //(J/ /03, (+LCO)  VALUE BY BLOCK 4
I /1l (26 /1.6 i 1L5 DETERMINATION OF Y,,
TOTALS /i,7 257 Y | 12 100 Y =N+ Y
DIFF. BETWEEN COL. 2 1 90 | Nxs =Px 66 = -3,3
() AND(; (AND() | ‘;)0 ® 123 70 Yy =-7 L
RETAIN SIGN OF LARGER| — /0. 7| = /70,57 | 1235 10 2=_s2.5 (W)
6 _BLock 5 - »
m Yo
; -2
+8 -2
+3 .z
+§ o
{ : : (| b |
[ |
N < ’9
e .
= =1 -0
- 41
- 42
-5 . 3
HHE
—r—3—a__5_ 6 798 o o y—ga 3 ¥
2 3 4 5 6 7 849 10 11 12 13

CHANNEL OR CARRIER NUMBER

PRINTED IN U.S.A.

Fig. 6 — Sample Calculation (N) Using Method of

Least Squares
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SLOPE COMPUTATION N ar() ZARRIER

ISS 4, SECTION 362-400-510

E 4558-6 (11-63)

BLOCK 1 ,
cua, | WULTIPLY | ourpur | PRODUCTS | DATE ﬁ////{ svsreu o8 oM M-
R BY dm (O] TESTER L/ vocamon Myl M A
CARR. (b)x(c) (b)x (d) SLOPE SETTING [Z TYPE EQUIP.
NO. el IS I Rl RS 42° WE
@ ®| ©| @ © m TEMP. DIRECTION
; 5; Z ~GHANNEES-or GROUPS USED /=6
3 /,' rd BUILD OUT EQPTVALUES AL_ 2 sp__ 4
4 06 BLOCK 2
5 ol “:“"A‘i“g';';;m DETERMINATION OF SLOPE (5)
t = ¢ = - -
: g ?) Channel is used, SLOPE= S = ‘(E)' T — ¢ 72
: reduce measured
—Go+ = value by 5.0 db DESIGNSLOPE £ 7:O
8 /-
BLOCK 3
9 L7 *ON CARRIER DETERMINATION OF Y
10 2.9 GROUPS.  REDUCE y =(®_ _
11 2.2 USED  MEASURED o M
" 27 (+LCO)  VALUE BY -
13— 1 1L5 DETERMINATION OF Y, ,
TOTALS ' =
12 100 YW+ Y,
DIFF. BETWEEN COL. . 123 90 |NxS= X =
(c) AND (d); (e) AND (f) ® ) 123 7.0
RETAIN SIGN OF LARGER 12356 40 (SUM)
" BLOCK 5 b
HH Y‘z:::m
+5 H R E]
5]
+4 1 -ba
+3 e -b5
bl
+2 ‘15
ok - Fllm
L
= 0 - -
2 SINE - i
= > w ] = -3.0N ks
T
2 S Gr (2 > 44, Z Jo
| 1A -
s Slope = 7 A I
Ca Gw 12 i /// her han |2
-5 Crr // ﬂqmﬁrf :/apa, -
-6 /k 7 .
Y,
LT ] T ——T
- : T 3
t 2 3 4 5 6 798 9 10 1 12 i3
d—F4 56 7 8 I Ftf—tttZ"13
—CHANNEL-BR-CARRIER NUMBER

PRINTED IN U.S.A.

Fig. 7 — Sample Calculation Using Graphic Method
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Sample 1: N Carrier Channels 1-13 Without Channel 3 Sample 2: ON2 Carrier, Groups 1-4, no LCO
M = number of channels = 12 M = number of carriers = 8
W = X — Xav W = X— Xav
CHANNEL X VALUE  Xav COL (a) COL {b) w2 CHANNEL X VALUE  Xav COL (a) COL () w2
1 1 - 187 = -—-127 161.3 1 3 — 10 = -7 49
2 3 — 137 = -—-10.7 114.5 2 5 — 10 = -5 25
4 7T — 137 = — 6.9 449 3 7T — 10 = -3 9
5 9 — 187 = — 47 22.1 4 9 — 10 = -1 1
6 1 - 137 = - 27 73 5 11 — 10 = +1 1
7 13 — 187 = — 07 0.5 6 13 — 10 = +3 9
8 15 — 137 = + 1.3 1.7 7 15 - 10 = +5 25
9 17 — 137 = + 33 10.9 8 17 — 10 = 47 49
11 21 - 137 = + 7.3 53.3
12 283 — 18.7 = + 9.3 86.5 X,, = Xtotal = M
13 25 — 187 = +11.3 127.7 - 80 +~ 8
164 658.8 = 10
= 2 =
X, = Xtotal =+ M K = w t_gtal 22
. = 168 + 22
= 164 + 12 —
= 13.7 )
K = W2total + 22 Nz 25513__1}3;");2222
= 658.8 + 22 - 68
= 29.9 )
Y = channel corresponding to X value of X,,
N = (X;p— Xa) + 22 ¢ :
= (23— 137) = 22 = Zh5anne1 corresponding to X value of 10
= 42 = half way between channels 4 and 5 on upper
Y, channel corresponding to X value of X,, channel scale

channel corresponding to X value of 13.7
(channel 7=X value of 13, channel 8=X value
of 15)

one third the distance between channels 7 and 8

i

Fig. 8 — Sample Calculations Determining Values for
Form E-4558-4 or -6
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