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ABSTRACT

This report is a study of oseillogrems mede in the Radio
Receiver Section of the Naval Research Laboratory of kxeyed signels trans-
mitted by Station NSS at Annapolis. Distortion of the signels by the
receiver was avoided by brosdening its cirocults. Considerable distortion
and attenuation of the dot signals were observed, especially at the lowest
frequency used, 15.44 kes. Oscillogrems Werse enlarged and analyzed to
determine the loss in amplitude and power, and curves were drewn to deter=
mine the effective Q of the antenna.
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AUTHORIZAT IQN

1. The general problem of ecceptence tests on station NSS was
suthorized in reference (a). Dates for the tests were esssigned in
reference (b).

(a) BuEng. Ltr. C-NOs-35693(9-2-R6), C-NOs-36484 (9-2~R6)

of 20 June 1939,
(b) BuShips Dispatch 272143 of 27 November 1940.

INTRODUCTORY

2. This report is a study of oscillograms made in the Radio
Receiver Section of the Naval Research Laboratory of signals transmitted
by Station NSS at Annapolis. A receiver with very broad cirocuits was
used, to avoid distortion of the received signals.

CONCLUSIQNS

3 Considerable distortion and attenuation of dot signals are
encountered. For instance, at 15.44 XC, et a transmission speed of 100
wpm, the dot cycle builds up so slowly that only 25% of the power is
rediated that would appear if the dot cycle rose instently to its full
value. The maximum instentensous value of carrier amplitude is only
50% of that which would eventually obtein after full build-up. IMoveover,
the wave shape is so distorted es to decrease considerably the intelli-
gibility of the signal. In actual practice, the selectivity of the re-
ceiver employed will cause still further attenuation and distortion.

4, The effect appears to be caused chiefly by the transmitter
antenna selectivity, since it is greatly reduced at higher carrier fre-
quencies. The antenna is the only circuit in the transmitter with any
eppreciable selectivity.

5. Most of the oscillograms show a much slower build-up than
decay. The most probeble reason for this is a detuning of the final
circuit due %o’ mechanical strain on the veriometer. The motion is
actually visible when the transmitter is in operation.
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LA LU Bl
SECTION I

RETICAL CONSIDERATIONS

B In radio telegraphy transmission and reception there is

1ly some distortion end attenuation of dots and dashes, due to tuned
nnas and oircuits employed, in addition to thet ceused by relay and

er time constants, etc. 1f none of these effects were present, the

d carrier envelope would be rectangular.

5 A rectanguler envelops repeated at reguler intervals, however,
ually a carrier modula ted 100% by & rectangular wave. Since 2
pgular wave is rich in harmonics, the carrier will have many side-
is. A wide bend is therefore necessary to pass & radio CW telegreaphy

1 without distorting and attenuating its rectangular dots end dashes.

8. Redio transmitters opereting at a low frequency are especially
le to distortion of rectanguler modulation, since the bend width of &
euit of given Q is proportional %o its resonant frequency. In addition,

 antenna § of a low-frequency frensmitter antenna is usually high be-

e of its low rediation resistance.

9. Consequently, when the transmitter key ijs closed, the voltage
not build up instently, but rises gradually to its meximum value.
arly, when the key is openel, the voltage decays gradually. These
lags are obviously more serious as the keying speed increases.

10. Let us consider Figure 1 of Plate 12 as @ simplified one-tube
smitter. When the key is closed, the voltege across the tank builds

g;ponzntially, end is

nwt
R

(1) N, (1-e ), assuming the circuit is underdamped.

1/2), and was originally deenergized at the moment the key was closed.
s the rms voltage across the tank in the steady state condition, after
exponential term in the equation has become negligible. e is the

srian logarithm base. ¢«) is 277 times the frequency of the tank cir-

t end impressed voltage. Q is the retio of the tank circuit resctance
its resistence (including the transferred resistance of the tube plate).

11. The above equetion may be rewritten
-mt
By =¥ o W
S & -

Vo

If £(t) is plotted against t on semi-log oross section paper, & straight

line will result. If an oseillogrem of the voltage build-up is made. and
£(t) is plotted ageinst T, the coordinates of any point on the resulting
streight line may be substituted in the following equation to determine

the circuit Q.

(k5 Q°

3
’
f
[
N

-wt -1
2 loggf (%) 4,60 loglof(t)
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(I1) was obtained from (Ia) by taking logarithms of both sides of the equa-
tion and clearing.

12. A transmission of n wpm (words per minute ), contains on the
average an equivalent of O.4n dot cyocles per second. The period of = dot
cycle is the length of time between the beginning of one dot and the begin-
ning of the next one, and is equal to + Since a perfect dot lasts

O.4n

exactly one-half the period of a dot cycle, the time, T, during which the

voltage is building up is TR, Thus the maximum voltege that will be
n . » L] n.

ettained is

- @
2Q(0.8n)
(111) Vo = Vy (L -eo N
The ratio of this voltage to the voltage that would eventually be developed,
vo’ iS
- {3 =g
v 1.6 O.8n
(Iv) p =L=1-¢ =], el where a = &2,
Vo 2%
13. The voltage during the decaying half of the cycle 1is
ot - W%
7 1 2q
(V) V = Vqe = pV e g Hence
o
WD) Q- .

Vv
4.6 log, ngg)

It should be noted that in a practical transmitter the Q of = gircuit dur-
ing the decaying cycle (key up), mey be considerably higher than that of the
build-up cycle, due to variations in tube plate resistence with grid exocita-
tion.

14. The energy contained in & build-up cycle 1is
1
; ¥ 3
(VII) 'Wi = - v at, where r is the circuit impedance.
o
15, The energy contained in a decay cycle is
= N
Q481
=has oL 2
(VI31) W = < v as




The energy conteined in & perfect rectangular wave is

WD = VozT = Voz
r 0.8nr, since V = V,, and is not a function
of time.
16. Let us define By, the keying efficiency of the transmitter

as the ratio of the energy contained in the actual build-up and decay
of a dot cycle, to the energy that would be conteined in the equivalent
rectangular wave (see Fig. 2, plate 12). Then

B © Wi f Wn
W
Wy
W = Ey) = Build-up keying effioiency, and
E"_z_ = Epp ® Decay keying efiiciency
W

Substituting (I) in (IV) gives

2 [opt:r xlz M o
Yo T -e W) at
r o

Wl o - @
W ;l—— twt
B, ="L = ©Oa [0.8n T A

O

Integrating,

¢ 3 1, [ o= \? » B
(IX) Ekl e 1*0.811 Za £ E-a_- ( (=} Oian L _%, e 0.81‘.1
a

2Q
Substituting (V) in (VIII),
2. 2 1
Wy = . 0.8n -t )2
3 e 2R at
“ 1
™ = w = 2 «ON - 't;
E 2 : 0.8
T " s T ER e — 4t.Integrating,
WO
L5




[ R S -t
5 -
- O.4np Ou4n
() Bt == Q-e . )

fnowing ), n and Q, equations (IX) end (X) permit the calculation of
the theoretical keying efficiency, since Ekl ¥ Ekz = By

17, If the buildup causes a mechanical movement of the vario=-
meter, & progressive detuning will take place which will meke the build-
up non-exponential. It will also make the build-up slower, since the
transmitter is tuned up under full power, and will be off tune when the
key is first closed. The deceay will not be slowed, but the frequency
will change slightly during the decay oycle.

SECTION II

EXPERIMENTAL CONSIDERATIONS

18. In order to study the keying characteristics of Station NSS,
a receiver was set up in the Receiver Section of the Naval Research Lsbora-
tory, equipped with an oscillograph and camera. The receiver was of specisal
construction and employed 3 tuned r.f. stages of emplification, each tuned
circuit having been broadened by shunt resistence, so as to cause negli-
gible distortion of a rectangular envelope. Run 1, on Plate 2, shows an
oseillogrem obtained by keying the receiver antenna, with & 15.44 KC signal
present. The film speed is 10 inches per second in all these oscillograms.
The time constent of the receiver is shown to be between 1075 end 1.6 x
10~3 seconds, end will have little effect on the transmitter keying oscil-
lograms. Run 2 on Plate 3 gives a time constant of 3 x 10~% seconds at
26.1 KC. Run 1, on Plate 7, shows a very small time constant at 32.8 KC.

19. The rest of the oscillogrems show signals radiated by keying
the transmitter at vearious speeds and frequencies.

SECTION III

CALCULATIONS

20. The figures on Plate 17 were made with e projector. The
negative of the run number indicated wes inserted in the projector, which
was fooused on & screen. The oross-section paper was mounted on the
screen, and the projected imege outlined by pencil. It will be noticed
that the sprocket holes were also outlined, thus ziving e time reference
for these figures. The sprocket holes are 19/%4—inch apart on the nega-
tive, which progresses at e rate of 10 inches per second. IHence the dis-
tance between holes represents 19/64 inch + 10 inches per sec. = 2.97 x
10-2 sec. Other distences on the figures can thus be converted to seconds
by proportionality.

DECLASSIFIED
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CALCULATION OF WORDS PER MINUTE

21. The number of words per minute (WPM), indicated under the
oscillograms on Plates 1 to 9, inclusive, end under the run numbers of
the curves of Plate 13, and of the figures of Plates 17 to 26, inclusive,
were obtained by measuring the whole length of a dot cycle on the oscillo=-
grem negative. This distance was divided by the film speed, 10 inches
per second, to obtain the period of a dot ocycle. The reciprocal of the
period gives the number of dot cycles per second. Dividing the number
of dot cycles per second by 0.4 gives the number of words per minute.
Thus, for exsmple, the dot cycle 1is 0.57 inches in length in Run 7,

Plate 1. 0.57 inches divided by 10 inches per second gives a period of
0.065 second. The reciprocal of this quantity is 17.6 dot cycles per
second. Dividing this last quantity by O.4 gives a keying speed of

44, WPl

22. Caloulation of Factor p. The quantity p was determined by
transmitting Trom time to time With the key down long enough to obtain
a full build-up, thus affording a numerical comperison between full
build-up and the build-up ettained at various keying speeds.

23. This is the measured value of p. On Plate 1, Run 1 shows
an amplitude of 0.272 inch with the key down., Run 7 shows an amplitude
of 0.228 inch. Therefore, p = 0.228 divided by 0.272 = 0.838. In soume
cases the measurement was made directly on the oscillogreph screen. Thus
Run 19, on Plate 3, had &n emplitude of 1*15/16 inches on the oscillograph,
compered with & key-down amplitude of 2-7/1& inches. (See Appendix
for tebles of these values.)

24, Calculation of Keying Bfficiencys, BEg. In order to measure
keying effieiency it 18 necessary to measure the energy contained in a
dot oycle compared with the energy thet would be conteined in an equiva-
lent rectengular envelope. The figures of Plates 17 to 19, inclusive,
were used for this purpose. The figure for Run Vo. T, Plate 17, will
serve as an example for this calculation.

25 The dot cycle has been divided into 14 columns representing
equal time intervels. The mean ordinate of each column is recorded next
to it, the unit being chosen as 0.1 inch. These quentities are propor=
tional to the average voltage during their time increments. The numbers
in the next column ere the square of the numbers in the first, and are
therefore proportional to the energy contained in the time increments.
The sum of the latter column, 409 energy units, is proportional to the
energy contained in the whole cycle, or dfv.dt.

26. The rectangle is the envelope thet would have resulted if
the voltage hed risen instantly to its meximum velue when the key wes
closed, and decayed instantly to zero when the key was opened. Its
amplitude is 1/p times the meximum amplitude of the dot cycle. In this
case, p was measured to be 0.838, and the maximum aemplitude of the dot
cycle was 7.8 units, so the amplitude of the rectangle is 9.32 units.

-6—

DECLASSIFIED

¢ ity B




uaring 9.32 gives 86.7 energy units, for one time increment. Since

$here sre ten time-increment columns in the rectangle, the product of
210 times 86.7 zives 867 energy units. The ratio of 409 to 867 energy B

units gives = keying efficiency of 47.2%. This is the measured vaelue of

' the key-up period, as it should be, being sometimes longer end other L
| times shorter. The fraction of the total period during which the key
. is down will obviously cause grest veriations in keying efficiency for i
4 given keying speed. Consequently, some correction must be made. It 5

‘was decided to convert the actual WPM to & "corrected" WPM, the corrected i |
L WPM being that keying speed which would have the seme time interval be-
2 tween the closing and opening of the key as did the oscillogram under &
. 8nglysis, assuming the key to be down half the total period of the dot W
I oycle of the "corrected" envelope. In other words, we have merely al- i B

27. Calculation of Corrected Kezins speed. It will be noticed %
n most of these oscllliograms th& e key-down period is not equal to s

P ered the duretion of the “key up' portion of the cyele %o meke it equal E
to the “key down" portion, end sltered the dot cycle frequency accordingly. ' \ﬁ
(See Plate 12, Fig. 2). In this figure, the period is T+ T'; and WPM = ﬂ
oy 1 The corrected WPl B

0.4 (T*T’S . _ . i
= i = 1 =I _....L--—- .‘

& 0.4 (T+T) 0.87 i

' )

28+ For instence, Figure 1 of Plate 28, Run #7, was keyed at l

44 WPM., The key-down portion of this projection is 3.3 inches long. ;0
Since one inch on this sheet equals 0,884 x 10=2 gec, T = 3.3 x 0.884 y

x 1072 gec. = 2.92 x 1072 second. IHence nt = 1 a 42.8 WPM.
0.8(2.92) 10~

sheet. In these ceses, nt' was caloulated by dividing n by the ratio of

the key-down period to the half-period of the dot cycle. For example,

in Run Wo. 8 of Plate 19, the dot cycle has a length of 2.04 inches, or

e half-length of 1.02 inches. The key-down period is 1.3 inches. Divid-

ing 96 WPM by the ratio 1.3 %o 1.02 gives & corrected n! of 75.3 WPl

The only error in this correction occurs when the envelope does not have

time to decay to & nagligible value before the beginning of the next dot
- oycle. The latter pert of the decay eycle contributes very little to the

energy of the dot cycle, nowever, because of the square law relationship

between energy and voltage. The ourves of keying efficiency Vs. WPM

on Plates 8 and 9 are plotted using the corrected WPM.

i

29. In a few cases the sprocket holes were not traced on the r
{!

}

CALCULATION OF RECEIVER TIME CORSTANT

30. The oscillogram for Run No. 1, at 15.44 ke, wes projected
onto Plate 20. The time constant is defined es the time in which the
voltage deceys to = of its meximum voltage, or the time in which it

e

-?-
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:ﬂ}sos to 1 --% of its maximum voltage, where e is the base of Naperian

Mogarithms. One inch along the time axis = 19/6¢ inch -

lO.in./éec. x 3.24 inches .
816 x 102 sec. The distance required for the voltage to rise to 1 -~ 5

8

0,632, of its final valus, is 0.17 in., or 1.53 x 10™% sec. The

istance for decay to 1, or 0.368, of the maximum voltage, is 0.12 inch,
B

por 1.1 x 107 sec. Similer caloulations were performed on Plate 28 to
{gbtain the receiver time constant at 26.1 ke,

CULATION OF TRANSIMITTER Q

31, It was decided to determine the effective § of the transmitter,
suming that its time constant was due entirely to a single tuned circuit,
¥ the antenna. For this purpose very large projections were made of some
the oscillograms of verious keying speeds, (Plates 21 to 26, inclusive,
29 to 32, inclusive). Tables were made of voltage units (tenths of en
)a against time units (inches.) The time units were converted to

onds in the usual way. For example, Run 7, on Plate 26, shows a

stance between sprocket holes of 3.34 inches. Hence 1 inch =
19/64 in.

5.3% in. x 10 in./sec. !
the dot cycle is 26,4 divisions (1 division = 0.1 inch.) p was measured
to be 0.838, so the maximum amplitude with the key dowm, V,, would have

been 26.4 divided by 0.838, or 31.5 divisions, or voltage units. Ience,

Vo = V
to determine o _ s orl = % » substitute 31.5 for Vg, and

v
o o
substitute for V the number of divisions emplitude at time t. On page 9
sre the tabulated calculations for the voltage build-up of Run 7.

= 0.884 x 10°2 second. The meximum amplitude of

4
s

TR AT TR
_—
=
-

|
-
.
s
> 2
§
o o
2 2
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~
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Time Axis
Inches

0

0.2

1,1
1.5
1'7

1.9

24
2.6
2.9
3.1

3.3

1.3

TABLE 1
Voltage Rise Curve. 44 WrM

150‘.’:4 KC: Run ?; Plate 26

Time 5
Voltage Axis = V (Column le.BSx}g' )
Unit = 0.1 inch Seconds x 10

0 0
4 0.177
5.2 0.265
8.5 0.442

11,4 0.619

13.7 0.796

15.9 0.972

19.5 _ 1.326

20.7 1.50

2240 1.680

23.0 1.86

24.6 2.12

25,2 2430

26,1 2,565

26.4 2474

2644 2.92

31.6=V, o

17.7 1.10

.0 e

= ——

O
Column 2
-y

1,000
0.873
0.835

0.730

0,381

0.343

0,302
0,270
0.218
0. 200

0.1714




o

32. Similar tables were calculated for the other curves on Plates
13 and 15. Since these curves are not perfect straight lines, their Q's
appear to be varying. The effective & at any point on one of these
curves can be obtained by drawing a tangent. For example, & tangent
wes drawn on Plate 13 to the curve for Run #10, intercepting the
ordinate at a value A,

The equation of the tangent is
=4t
£(t) = Ae 2§ (See equation (Ia) in Theory)

Hence Q = ‘aJt( )
4.6 log £t
10 2

When t=28 2 1072 second, f£(t) = 0.107, and the intercept A

is 0,61, £{t) _ 0,107 = 0,1754
A 0.61

q = -2 T (15.44) 10° (5) e . ST
4.6 ("'0-756)

=04 756

2T (15.44)10 = 2%,
4.6

Since

And Q = 1400.
The straight lines on Plates 13 and 15 labeled "Average Curve" were drawn
to obtain the "average" Q of the transmitter during the build-up cycle.
33 The transmitter Q during a decay oycle is obtained in the

same menner. The table below gives the coordinates for the decay curve
of Run 7, Plate 26.

—10-
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Time Axis
Inches

0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.5
1.0
1.1
1.2

1.3

TABLE 2
Voltage Decay Curve. 44 WPM

15.44 XC. Run 7, Plate 26.

Time _5%;“
Voltage Axis=V  (Column le.BSBxlo'z) (Column 2 divided
Unit= 0.1 inch Seconds x 1072 by 26.2)
26.,4=pVp 0 1.000
26.2 0.0884 0.592
25.1 01768 0.957
23.2 0.265 0.885
20.6 04353 0.786
17.1 0.442 0.652
13.7 0.530 0.522
11.0 0.620 0.420
8.9 0.707 0.340
745 0.800 0.286
6.4 0.884 0.244
5.2 0. 972 0.198
4.1 1.060 0. 15865
2.6 1,148 0.0892
S5E -
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UEULASDDINIEY
34. Similer tables were calculated for the other curves on Plates

14 and 16. Since they are not perfectly straight lines, their Q's sppear

to be varying. As in Paragraph 32, the effective Q at & given point can

be determined by drawing a tangent, such as the one drawn to the curve

for Run-#T,a§? Plate 14. Agein the equation of the tangent is

t{t) = 4o o bt for these curves, as was also the case for some curves
on Plates 13 and 15, A is greater than one, and the intercept on the f(t)

axis falls off the sheet. @ can now be most readily calculated by taking
the coordinates of two points on the tangent.

-wt1 "L (6 - t3)
Then ££Ell = Ae 2R » o =
£(t2) . ~wt2
Ae 4N
Hence @ = -&)(‘tl Z tzz )
f{t1
4.6 lo il et 8
810 (F(ey)

For example, two sets of points on the curve for Run #7, Plate 14 ars t =

1072 sec., £(t;) = 0.180, and t, = 2 x 10"° sec. £(t,) = 0.0180.

=211

g« =20 (15.44) (10°) (-1)10"~

0.180
log,, (G o180)

Calculation of Keying Efficiency: (Using equgtion (IX) of "Theoretical
Consideratcions." )

4.6

35, The "Average Curve" of Plate 13 has a Q of 700. Thus at
15.44 kc.,
- & 8
Ll S = 69.2
2Q 2(700)
=-86.5 -86.5

—_— 2
0.8n [0.0289¢ ™ -0.00723 (¢ % ) _ 0.02165]

I
[
+

and Ekl s

i 3T
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36. Thus, for the curve of Run #7, Plate 13, where n = 44 WP,
n corrected = 42.8 WPM.
By -2.02

= 1+ 34.2 [0.0289e - 0,00723 (672:02)2 _ 4 02165]

1

= 1 + 34,2(0.00384 - 0.000127-0,02165) = 1 ~ 0.613 = 0,387

37. In calculating Ekz, equation (X) is not used, because the

decay characteristics of Plates 14 and 16 are too curved to be represented
by & single Q. On Plate 14, the curve of Run 75-2 was chosen as typical,
and plotted on Plate 27. The square of this curve was then plotted, its
area representing the energy of the decay cycle. By counting squares,

the ares under the curve is 21.5 sq. in. TBG squere envelope drawn on
this plate has an area of 40 sq. in. in 107° seconds. Hence the decay

ouvelipe Ik Sit T 0.687 of the energy contained in a rectanguler

envelope lasting 10~% secgnds, or 0.00537 of the energy in ome second.
Eultiplying by pe = 0.8p“n, we get
—

B, = 0.00430p’n.

From equation (IV), in “Theoretical Considerations,"
Y
p=1-e UiBn, From calculations in paragraph (36), (Run #7),

-8
0.81‘1 "2 002
e T e = 0.1327

Hence p = 1-0.1327 = 0,867

Eygp = 0.00430(0.867)%(42.8) = 0.1382

Eki * Eka = 0,387 + 0.138 = 0.525. This is the calculated value

Of Ek.

-13-
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Run No.

10

19

21

WPM

12.2
17
44

52.5

91

96

17.2
3843
93

145

TABLE 3

Tebuler Calculations

15,44 KC
Corrected Calculated lieasured Calculated leasured
WPM B, By p ol
12.2 0.831 0.862 1.000 1.000
14,66 0.809 0.997 0.895
42.8 0.525 0.472 0.867 0.838
71 0.367 0.381 0.704 0.742
1 0.983 1.000
108 0.241 0.225 0.512 0.566
7543 0.312
261 ko.

18.4 0,935 1.000 1.00
45,5 0.848 0,987 1.00
101 0.681 0.5380 0.882
137. 0.598 0.860 0.780




SECTION IV
SUMMARY
38. Plates 1 to 9., inclusive, show oscillograms made at various
frequencies and sending speeds. The dot amplitude %amp.) in inches is

recorded, as is the amplitude (max. emp.), in inches of the final build-
up value with the key down indefinitely. The time of day is also
recorded.

39, Although machine sending was employed, successive dots are
not always identical, and some have rather irreguler shepes, indiocating
that the funotioning of the keying mechanism may be somewhat irregular,
and thet there may be key chatter at times.

40. However, these effects are unimportant compared with the
slow build-up of the carrier after the key is closed, especielly at
15.44 ko. This is apperently due to the high antenne Q and to some
detuning of the antenna circuit during the build-up and decay periods.
If the antenna variometer could be made more rigid, considerable im-
provement might be obtained. Also, some improvement might be obtained
by tuning up the transmitter at 20 or 30% of full power, so that the
entenna would pess through resonance part way up the build-up cycle.

41. Plates 10 and 11 show curves of keying efficiency against
sending speed. The calculated curve wes obteined by essuming the shape
of the dot cycle to be determined entirely by the antemna Q. The ef-
fective antenna Q weas caloulated from the oscillograms. The purpose
of this calculation was to obtain & smoother curve of keying effieiency
vs. sending speed, relatively free of irregularities due to keying
veariations in individual cycles analyzed.

42, Plates 13 to 16, inclusive, show build-up and decay curves
plotted on semilog paper. The Q's of some of the slopes are recorded,
including that of the average slope. Some inaccuracy in the determina-
tion of these Q's is caused by the difficulty of locating the exsct
instents at which the build~up and decay of the dot oycles begin.

43. Plates 17 to 26, inclusive, show enlargements of individual
oscillogrem cycles at 15.44 kc. Plates 28 to 32, inolusive, show similar
enlargements et 26.1 ko.

44. No enlargements were made at 32.8 ko., because of the rapid
build-up and decey of these oscillograms and because of transients, per-
heps due to keying irregulerities, thet distort the wave form. These
effects would meke a calculation of the effective § of the antenna at
32.8 ko. very inaccurate,

45. Transients appear in the decay oycle of most of the oscillo-
grams., These may be dus to insufficient keying bias. Transient.peaks in
the keying bies may thenm decrease the bias sufficiently to permit plate
ocurrent to flow,
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