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FOREWORD 

T
HIS is one of a series of Engineering Monographs 
published by the British Broadcasting Corporation. 
About six will be produced every year, each dealing 

with a technical subject within the field of television and 
sound broadcasting. Each Monograph will describe work 
that has been done by the Engineering Division of the 
BBC and will include, where appropriate, a survey of 
earlier work on the same subject. From time to time the 
series will include selected reprints of articles by BBC 
authors that have appeared in technical journals. Papers 
dealing with general engineering developments in broad­
casting may also be included occasionally. 

This series should be of interest and value to engineers 
engaged in the fields of broadcasting and of telecom­
munications generally, both in the United Kingdom and 
overseas, by giving information that may not otherwise be 
available to them. 

Individual copies will cost 5s. post free, while the an­
nual subscription is £1 post free. Orders can be placed 
with newsagents and booksellers, or BBC Publications, 
35 Marylebone High Street, London, W. l 
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INTRODUCTION 

THIS monograph summarizes the fundamental and 
practical aspects of a suppressed-frame 35 mm. 

telerecording channel designed and constructed by the 
BBC Engineering Research Department primarily to 
provide additional telerecording facilities for use in 
connection with the Coronation. 

In view of the comparatively short time which was avail­
able for the design and construction of this channel, it was 

decided that any method of recording which required the 
development of new mechanisms and optics should be 
avoided. Tests were therefore made in order to determine 
the picture quality which could be obtained using a high 
grade television monitor' and commercially-available 35 
mm. cine camera. The results of the tests indicated that the 
construction of an apparatus of this type would be amply 
justified. 

PART I. THE RECORDING EQUIPMENT 

1. Fundamental Considerations 

1.1. The Recording Cycle 
The need to use a standard film-transport mechanism 

restricted the choice of system to one employing an inter­
mittent~motion camera, since previous investigations had 
shown that any attempt to use flying-spot or other con­
tinuous-motion systems would require a longer period of 
development. Rapid-pulldown cameras were not available 
for 35 mm. film, and the choice was therefore further 
restricted to cameras having a pulldown angle of between 
140° and 1800. 

This meant that the recording cycle* would consist of 
exposure during one whole television frame while the film 
was stationary in the gate and pulldown of the film during 
the next (suppressed) television frame. 

1.2. Vertical Resolution 
The obvious disadvantage of such a system of tele­

recording is that each frame of film will contain only half 
the detail of the television picture, that is to say, only 202½ 
of the original 405 lines would be recorded; this loss was 
at first regarded as likely to be intolerable. The examina­
tion of a large variety of telerecordings made specifically 
for the purpose of testing this belief showed, however, that 
the loss of vertical resolution was in fact by no means un­
acceptable, indicating that the eye takes cognizance of the 
considerable correlation existing between adjacent lines of 
the average television picture. The effects of correlation 
between adjacent lines of a television picture may be 
described by consideration of extreme cases. If the tele­
vision picture consisted solely of vertical bars, all lines 
would carry identical information and the picture would 
be faithfully reproduced with only a single scanning line 
broadened to fill the whole height of the frame. If, how­
ever, the pattern of bars falls horizontally in the picture, 
and the numberofbars is greater than the number of scan­
ning lines, that pattern can never be faithfully reproduced. 
The normal television picture will fall statistically between 
these limits. Whereas at least 405 lines are essential to pro­
vide a sufficiently smooth background (line structure) to 
the television picture, it is found that a 202½ line picture 
nearly always provides sufficient vertical resolution. Whilst 

•Method proposed by P.H. Dorte in J947 
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it would not be suggested that a picture having 202½ line 
resolution is indistinguishable from one having 405 lines, 
the use of spot wobble to broaden the lines in a suppressed­
frame recording is found to give an acceptable picture 
when the film is re-scanned by 405 lines in the telecine 
machine. By this means original line structure is, of course, 
restored, although pairs of lines may carry identical 
information. 

Any lack of correlation between adjacent lines is most 
noticeable when reproducing a high-contrast low-angle 
edge. The attempt to portray such an edge with broadened 
lines results in a series of serrations or steps which may be 
obvfous from time to time to the experienced observer, 
but it is doubtful whether this defect is noticeable to the 
public. 

1.3. Spot Wobble and Noise 
The obliteration of the line structure by carefully adjust­

ed spot wobble is of course essential in any telerecording 
system if beat patterns are to be avoided when the film is 
scanned. 

Where the number of lines recorded on the film is less 
than the number employed in the rescanning process, it 
follows that some adjacent lines in the reproduced picture 
will contain identical signal information and also identical 
recorded noise. In the case of the suppressed-frame system 
each recorded line will, in theory, be reproduced twice so 
that there is now a simple addition of the noise on adjacent 
lines whereas in the original picture the noise on adjacent 
lines was unrelated. This has the effect of reducing the 
signal-to-noise ratio by about 3 decibels. 

1.4. Movement Portrayal 
There is only one other fundamental difference between 

the suppressed-frame and other current methods of tele­
recording. This is that each frame of film produced by the 
suppressed-frame system contains only one image of any 
moving object. Some of the implications of this are dis­
cussed elsewhere. 2 

1.5. Sound Recording 
In common with other telerecording channels, the sup­

pressed-frame equipment employs a combined camera to 
record both picture and sound on the same negative, 



which, of course, greatly facilitates editing and reduces 
film-stock and processing costs. 

The desired film processing required for the picture is 
not the most suitable for sound recording, but the latest 
design of sound recording apparatus when used under con­
ditions dictated entirely by the requirements of the picture, 
nevertheless gives a most satisfactory result. 

2. Description of the Recording Machine 
2.1. General Description 

Space will not permit of a detailed description of indi­
vidual units, and the following descriptions are limited to 
considerations influencing the design. 

The complete installation comprises: 

(a) Two machines, of which one is illustrated in Fig. I. 
One machine is reloaded whilst the other is in 
operation. 

(b) A picture-control desk to permit monitoring and 
adjustment oflevels during the recording. 

(c) A video-control bay containing apparatus for the 
correction of the frequency and amplitude charac­
teristics of the signal. 

(d) A sound-control bay giving monitoring, adjustment 
and distribution facilities. 

(e) Two sound amplifier stacks associated with the 
recording galvanometers. 

The picture display portion of the machine, illustrated 
in Fig. 1, is based upon a laboratory picture monitor,= 
while the portion of the machine on the right-hand side of 
the illustration consists of the combined picture and sound 
camera, the base containing the control equipment and 
camera-phasing apparatus. 

Fig. I - Suppressed-frame television recording assembly 
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Fig. 2 - Mirror-drum assembly for television frame suppression 

2.2. The Picture Display 
A 12 in. cathode-ray tube is employed. It has a short 

persistence, fine-grain zinc sulphide phosphor emitting 
blue light (450 ml') and a high-resolution electron gun. 
The diagonal of the raster on the tube face is 10 in. 

Video amplifier and timebase circuits are of orthodox 
design, but great care has been taken to realize a high stan­
dard of performance. The deflector coils are toroidally 
wound and the focus coil is of special design with an adjust­
able gap. Pincushion correction coils are fitted to improve 
the rectilinearity of the display. 

With 14 kV anode potential on the cathode-ray tube, it 
was found that with a peak beam current of 40/'A the spot 
size achieved cansed no measurable loss of resolution of 
3Mc/sbars. 

An additional unit provides a blanking pulse to black 
out the tube during the pulldown of the camera, and there­
fore no mechanical shutter is necessary. The control pulse 
for the blackout unit is generated in the camera, so that 
when the camera is running only alternate frames are dis­
played by the monitor. To facilitate correct amplitude 
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adjustment of the 10 Mc/s spot wobble without running 
the camera, the blackout circuit can be switched to opera­
tion by a binary connter actuated by frame synchronizing 
pulses. 

2.3. Camera Phasing Arrangements 
In order to maintain the correct phase relationship be­

tween the pulldown of the film and blackout of the 
monitor, it is necessary that the blackout trigger pulse 
should be generated by a device mechanically coupled to 
the camera. This allows the duration of the exposure of 
each film frame to be made precisely equal to the period of 
one television frame, and to commence and finish simul~ 
taneously with the television frame. 

Mounted axially on the shaft which drives the camera 
pulldown mechanism is a segmented cylinder (Fig. 2). The 
surface of one of the segments is highly reflecting and the 
other is matt black. A beam oflight impinges upon the sur­
face of the cylinder and is either reflected into a photocell 
or absorbed, according to the angular position of the 
camera shaft. In this way an electric pulse is generated 



which causes the display cathode-ray tube to be extin­
guished whilst the film is being pulled down through the 
gate, the cylinder having been correctly located on the 
shaft. It will be seen from the illustration that the divisions 
between the two segments of the cylinder are not parallel 
to the axis of the camera shaft and by axial movement of 
the light source and photocell it is possible to adjust the 
duration of the blackout pulse until the period of exposure 
is precisely equal to that of one television frame. For the 
sake of simplicity the cameras are synchronously driven 
from the mains, and as the television picture is also locked 
to the mains, the camera mechanism can be brought into 
the correct phase simply by rotating the body of the driving 
motor. The steering wheel, which is prominent in Fig. l, is 
mechanically linked to the motor body, and the operator 
turns this wheel until the "splice" is moved ont of the 

visible plctrrre;-and-into the frame suppression peiiod. 

2.4. Camera Mechanism 
The combined camera is basically a standard 35 mm. 

mechanism together with a sound camera (Fig. 3), all 
mounted as a complete unit on a single casting. The 
mechanism performs very satisfactorily on continuous 
1000 ft runs provided it is carefully cleaned before reload­
ing, and to facilitate this, a supply of compressed air is 
made available. The time taken by a skilled operator to 
clean and reload the machine is approximately 3½ min., so 
that the 1000 ft film magazines are more than adequate for 
continuous recording. Some indication of the reliability of 
the apparatus is given by the fact that during an experi­
mental period of operation 200,000 ft of film was exposed 
without breakdown of any kind. 

Fig. 3 - Camera unit 
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2.5. Specification of the Lens 
An ad vantage of the suppressed-frame system is that the 

optical arrangements are straightforward and therefore 

,oo 

High quality 9cnrrol / 
purpou lrns tor 3Smll'I. 

Mrd11.1111 quality 
gtnrrol purpo,r lorn, 

"'-----------'---------'---------'----_j 0 ,o 20 30 40 

Pat1ern1, pn mm 

Fig. 4 - Lens performance 
Percentage modulation patterns per mm. fl 2 anasligmal 

lenses 

can be extremely efficient. Since the working conditions of 
the lens are fixed, that is to say, the conjugate foci and the 
spectral distribution of the incident light are precisely 
known, itis possible for the lens to have a much higher per­
formance than a normalcinematographcamera lens. Fig. 4 
shows the comparison between a Jens specially computed 
for the suppressed-frame equipment, and general-purpose 

lenses'·'. This special lens has a relative attenuation at 
3 Mc/s for axial objects of barely 0· 1 db when used at its 
full aperture ofT.2 (f/1 · 85). The ability to use such a high­
performance lens is a great advantage since it permits a 
lower beam current in the cathode-ray tu be, and reduces 
losses of resolution which can only be partly restored by 
the use of equalization. 

2.6. Photometry 
Facilities are provided which enable accurate exposure 

of the film to be maintained by continuous monitoring of 
the light incident to the camera. This is achieved by the use 
of a multiplier photocell mounted directly below the lens 
and so positioned that it receives light from all parts of the 
cathode-ray tube display. The output of the photocell is 
displayed as a time function on a normal oscilloscope and 
gives a clear indication of the I uminance and contrast range 
of the display. To provide a standard luminance for cali­
bration purposes, a spot photometer. colour matched to 
that of the fluorescence of the tube, is also provided, which 
takes the form of a pistol-shaped projector with a¼ in. cir-'­
cular screen. The photometer is held in the hand with the 
small circular screen close to the face of the tube, and the 
tube beam current is then adjusted to give an accurate 
match between the light emitted by the phosphor and that 
reflected from the circular screen. 

PART II. THE VIDEO CONTROL EQUIPMENT 

3. General 
PART I describes apparatus by which a television picture, 
displayed at the screen of a cathode-ray tube, is photo­
graphed by means of a suitably mechanized camera. Such 
a process introduces various forms of distortion. some of 
which may be corrected by operating upon the television 
signal before it is applied to the cathode-ray tube. 

Those distortions which may be thus compensated can 
be divided into two main classes, namely: 

i. Aperture losses 
ii. Modification of the overall contrast law. 

The aperture losses manifest themselves as a degrada­
tion of the recorded image sharpness and are caused by 
imperfections in the performance of the display cathode­
ray tube, the optical system and the film itself. The overall 
effect can be expressed as a modification of the equivalent 
frequency response of the recording system and takes the 
form of a loss at the higher frequencies. Such a loss, when 
due to symmetrical apertures, is not accompanied by phase 
distortfon and H is necessary, therefore, to correct such 
losses by means of an equalizer which does not influence 
phase. 

The overall amplitude characteristic of a television 
recording and play-back system should not, under normal 
circumstances, modify the contrast law of the reproduced 
images and therefore the overall signal gain from the input 
of the recording equipment to the output of the play-back 
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apparatus should be independent of the signal amplitude. 
Without some form of correction, this result could be 

achieved only over a relatively sma11 contrast range, owing 
to the shape of the density /log exposure characteristic of 
typical film. Curve L of Fig. 5 shows a typical contrast 
characteristic describing the performance of the negative/ 
positive film process. 

By the use of a non-linear amplifier in the signal chain, 
the usable range of the contrast characteristic may be 
increased appreciably. 

Fig. 5, as a whole, illustrates a well-known graphical 
construction whereby the amplitude characteristic of such 
a corrector may be deduced. In order to describe the dia­
gram it is convenient to assume that BW represents that 
range of the film characteristic occupied by the recording, 
the point B representing black level. A point Pon the char­
acteristic corresponds to a certain negative exposure and 
print density. As the print density and the logarithm of the 
telecine photocell output are linearly related, the range 
BW in curve L may be transferred to a characteristic M 
representing the logarithm of the telecine signal output in 
terms of the logarithm of the photocell output. In the dia­
gram it has been assumed that these parameters are con­
nected by a power law of exponent0·4. 

By a similar argument, it will be appreciated that the 
range BW of the curve L can be transformed, via the re­
cording cathode-ray tube characteristic N, to a range of 
electrical output from the corrector. 
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Fig. 5 - A graphical method of calculating the film correction characteristic 

If the corrector input and telecine output signals are to 
be related linearly (i.e. a distortionless recording system), 
the range BW transformed via curve M must be related to 
the same range transformed via curve N by the required 
corrector characteristic 0. This characteristic expresses 
the logarithm of the corrector output as a function of the 
logarithm of its input and shows an increased slope at the 
extremities of the range B'W'. 

The increase of tone separatjon in the darker tones and 
high-lights of the picture is achieved by applying increased 
amplification to the signal waveform in regions near to 
those corresponding to black and white respectively. 

In addition to those distortions which have been dis­
cussed and which are of a fixed nature, others may arise 
due to differences in the characteristics of picture sources, 
in particular cameras which may differ, both in contrast 
law, or "gamma", and in definition. 

It can be argued, therefore, that, in order to obtain 
greater uniformity of recording, a variable non-linear 
amplifier and a variable equalizer should be inserted in the 
video circuit to the recording apparatus. 

Correction of the input signal will, in general, result in a 
reduction of the signal-to-noise ratio and the degree to 
which such correction may be applied will, therefore, 
depend upon the signal-to-noise ratio at the corrector 
input and the further degradation introduced by the 
recording/playback process. 

Summarizing the above discussion, it can be seen that 
two prjncipal items are required in the signal chain from 
the equipment input to the recording display unit The 
primary function of correction for the photographic pro­
cess is carried out in a film compensation unit which takes 
its input from a picture correction unit performing the 
function of signal standardization. 



4. Description of the Apparatus 
The principles discussed here have been embodied in 

video control equipment developed for use with the 
suppressed-frame recording cameras, and Fig 6. shows a 
schematic diagram of this apparatus. From the diagram it 
will be seen that the equipment includes several items in 
addition to the picture correction and film compensation 
units. These ancillaries consist of a waveform monitor, a 
picture monitor, a video/sync. control unit, and a distri­
bution unit. 

Vi<ko 
by-pass 

Wavdorm 
rnonrtor 

Output 
rVidfo out-, r-Sync.ouh 

FHm compt:nsotion1---1---1 
unit 

Video 
Sync. 

r
-+---'~-,!3;3 Picturr' monitor 

Picturt correction1-1---1--1 
unit 

111 Standard 
~ waveform 

Input 

Fig. 6 - Video control equipment 

4.1. The Video/Sync. Control Unit 
The deliberate amplitude non-linearity of the amplifiers 

in both the picture correction and film compensation units 
is such that signal voltages near black level may be sub­
jected to a greater degree of amplification as compared 
with the remainder of the voltage range. In order to avoid 
unnecessarily large sjgnal voltages, and consequently the 
use of hlgh-dissipation valves in certain circuit positions, 
it is advisable to remove substantially the synchronizing 
pulse train from the incoming signal before its application 
to the pfoture correction and film compensation units. The 
synchronizing pulse train is, however, required for locking 
the recording display-unit time bases and therefore a 
similar pulse train is derived from the signal waveform 
before the modification is effected. 

A further train of pulses is required for operating clamp 
switching circuits at points with.in the picture-correction 
and film-compensation units. These switching pulses, 
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having time coincidence with black level intervals of the 
picture waveform, are derived, in turn, from the syn­
chronizingpulses. 

All the above preparatory operations are carried out in 
the video/sync. control unit which provides separate out­
puts of the modified waveform, the separated synchroniz­
ing pulses, and the clamp switching pulses. The modified 
video signal output is then passed to the picture correction 
unit. 

4.2. The Picture Correction Unit 
The purpose of this unit is to compensate as far as pos­

sible for defidencies in the incoming signal. The criterion 
for its adjustment is that a monitor connected directly to 
the output of the unit should produce the best possible 
picture quality. 

The first corrections performed by the unit are those 
concerned with attenuation and phase distortion of the 
higher frequency components of the video picture signal. 
These are performed by an adjustable derivative equalizer 
utilizing the prindple 4 whereby one or more time deriva­
tives of the picture waveform are generated and added to 
the signal itself. By adding a sufficient number of deriva­
tives and by adjusting the amplitude and polarity of each 
independently, any form of low-pass characteristic may be 
equalized without introducing any phase distortion re­
quiring further correction. In the case of the derivative 
equalizer section of the picture correction unit, only the 
fust and second derivatives are generated, which offers a 
satisfactory compromise between accuracy of correction 
and ease of adjustment. 

The picture tone-gradation is corrected by a vadab1e 
"gamma" corrector wherein the signal is passed through 
networks containjng non-linear elements in the form of 
germanium crystal diodes. The circuit arrangement used 
permits the "gamma" exponent to be varied continuously 
between the values of approximately O· 5 and 2 ·0. Control 
of gradation is thus provided by varying the relative gain 
of the circuit at different signal magnitudes. 

The input to the non-linear amplifier must contain the 
full direct current component and it is therefore necessary 
to stabilize the voltage representing black level at a fixed 
value. This is effected by a well known switching arrange­
ment keyed by a train of clamping pulses from the video/ 
sync. control unit. The non-linear amplifier consists of a 
modified form of a circuit described e1sewhere. 0 

Two video signal outputs are provided from the picture 
correction unit; the first is fed to a good quality picture 
monitor used for picture assessment, and the second passes 
the signal to the film compensation unit. 

4.3. The Film Compensation Unit 
At the input of this unit the signal is assumed to have 

been corrected as closely as considerations of signal-to­
noise ratio allow, so as to conform to standard charac­
teristics. As pointed out in the introduction, the film com­
pensation unit should have a transfer characteristic which 
approximates to the inverse of that introduced by the 
recording process. Most of the aperture losses in the re-



cording process occur at points such as the screen of the 
recording cathode-ray tube and the optical system of the 
film camera, that is, at places where the signal has a 
"gamma" of unity. It can be shown that it is preferable to 
equalize such losses by pre-emphasizing the signal voltage 
ata point in the circuit of the film compensation unit where 
the "gamma" is also unity. 

Fig. 7 shows a schematic diagram illustrating the 
sequence of the various processes carried out within the 
unit. As will be seen, the incoming signal is fed to a circuit 
having a 2· 5 power law from which a unity-"gamma" sig-

three operations is shown in Fig. 8. The design is based 
upon a circuit• developed for film-scanner use. The input 
signal, having a polarity such that white corresponds to the 
maximum negative voltage excursion and including the 
full d.c. component, is applied to the valve Vl, whose 
anode circuit is common to that of V2. This drcuit is 
directly coupled to V3, a cathode follower, which in turn 
drives V2 via the network V4, VS, RI, and R2. Assuming, 
for the moment, that V 4 presents an impedance which is 
low compared with either Rl or R2, and that VS is cut off, 
it will be seen that a negative feedback path exists between 

Yid•o Lower qamma 
Vidio 

input Raisa 
Stretch Strotch 

output 
Derivative to correct for . ~ - - gamma 

from f+ <quoll1<r ➔ di.play I ubc ➔ white + block 
, 

0·4tol characteristic 

Fig. '7 - Film compensation unit 

nal results, and the pre-emphasis for correcting subsequent 
aperture losses is now achieved by a similar derivative 
equalizer to that contained in the picture correction unit. 

After the pre-equalization it is necessary first to restore 
the contrast law of the signal to a value approximating to 
the reciprocal of that of the recording cathode-ray tube. 
Secondly, distortion of the contrast law caused by the 
photographic process takes the form of inadequate ampli­
fication of the black and white portions of the signal range, 
and therefore in order to compensate, increased ampli­
fication is provided for both these regions ("stretch white" 
and "stretch black", shown in Fig. 7). 

The basic circuit arrangement used to perform the above 

V2 

Voriabl, 
pot,ntial 

the anode and grid of V2. The (I,, VJ characteristic of V2 
has a bottom-bend curvature of which a certain portion 
corresponds to a "high gamma". Due to this "high­
gamma" element in the feed back path, the overall transfer 
characteristic from the grid of VI to the cathode of V3 will 
have a "low gamma" which can be arranged to approxi­
mate to a value ofO · 4. The signal voltage at the cathode of 
V3 has a polarity such that the maximum positive excur­
sion corresponds to white, and when this potential exceeds 
a certain value, the feedback voltage at the grid of V2 is 
attenuated by cut-off of V4 and the conduction of VS. 
Those voltages corresponding to the white and near-white 
tones of the picture are arranged to exceed this critical 

1----,ou,pul 

Fig. 8 -A circuit suitable for the correction of non-linear distortion 
in television recording 
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value and therefore undergo increased amplification. 
The resistors RI and R2 control the maximum changes of 
series and shunt impedance in the feedback path and there­
by control the amount by which the amplification is varied. 

The signal at the cathode of V3 is passed to V6, the 
cathode circuit of which contains the non-linear element 
V7. Above a certain grid voltage the diode V7 is cut off and 
V6 suffers degenerative feedback due to a high cathode 
resistance. Below this voltage V7 conducts and the gain of 
V6 increases. By this means those voltages corresponding 
to the near-black tones of the picture are subjected to 
greater amplification than those corresponding to mid­
tones. The curvature of the(I., V,) characteristic ofV4, VS, 
and V7 permits the changes in amplification to take place 
without discontinuity. 

The overall amplitude characteristic of the circuit shown 
can be adjusted to approximate the converse of that due to 
the display cathode-ray tube together with the film. 

4.4. Distribution Unit 
Fig. 6 shows that the signal output from the film com­

pensation unit is fed to a distribution unit from which 
identical outputs are available for the recording display 
units. The distribution unit also provides several outputs 
of the synchronizing pulse train derived in the video/sync. 
control unit. 

5. Operating Aspects 
THE apparatus illustrated in Fig. 6 incorporates facilities 
whereby an alternative path may be provided from the 
video output of the video/sync. control unit to the relevant 
input of the distribution unit. By this means recording of a 
programme may continue, with substandard performance, 
jn spite of breakdown in either the picture correction or 
film compensation units. 

Further protection is afforded by duplicating the video/ 
sync.-control and distribution units and means are avail­
able for a rapid changeover from one unit to another which 
is identical in performance. 

6. A Possible Further Development 
ALL previous considerations have assumed that the image 
displayed and recorded is of the positive form and that the 
film process incorporates a negative from which, in turn, 
a positive print is taken. It may be advantageous, in certain 
circumstances, to record the image directly on to the posi­
tive film, which implies that an electrical analogue of one 
photographic process he incorporated in the video equip­
ment. 

The characteristics required may be derived as follows: 
Over that part of the film characteristic where "gamma" 

is constant we may write 
D = y log E + K (I) 

where D represents film density, Ethe exposure, and K is 
a constant. 

Also 
(2) 
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where T denotes the transmission coefficient of the pro­
cessed film and therefore represents the voltage obtained 
from the playback photocell. 

From(!) and (2) 

Hence 

where log C = K. 

I 
log - = y log E + K 

T 

I 
T=­

C.EY 
(3) 

The electrical arrangement required to perform the 
operation described by equation 3 must incorporate a cir­
cuit whose output voltage bears a reciprocal relationship 
to the input, and when "y" has a value other than unity 
additional non-linear amplification must he incorporated 
before or after the reciprocal process. 

., 
A 

,, 

Fig. 9 - Method of taking the reciprocal 
of a signal 

One circuit arrangement proposed for performing the 
reciprocal operation is based upon the use of logarithmic 
and anti-logarithmic amplifiers'. Another possible ap­
proach is illustrated in Fig. 9. This consists ofan amplifier 
A (of gainµ) and modulator B (of gain µ) in the feedback 
path. If a carrier voltage e, is injected as shown, then the 
gain of the circuit may he expressed by the well known 
relationship e, 

e, 
(4) 

If the gain of the modulator Bis varied according to an 
inputEY such that p = ~, · E> (5) 
then from (4) and (5) 

e, 
e, 

I-' 

If for all values of Er, µp, · Er}> I and the feedback is of 
suitable polarity, then 

e, 

-] 
(6) 

The carrier vo1tage e1 may have any convenient fre­
quency including zero. Comparison of equations 3 and 6 
shows that the circuit described performs as the electrical 
analogue of a photographic process. 



CONCLUSIONS 

7. The Marginal Quality of Telerecordings 
IT has frequently been pointed out that the quality of tele­
vision pictures is only just above the threshold of accept­
ability. Further degradation of any sort will render all but 
the best original pictures more or less unacceptable, and 
all telerecordings must contain the product of distortions 
in the original picture and those of the telerecording/ 
telecine-reproducing process. Variation in the quality of 
jncoming pictures constantly masks the smalJ differences 
which may exist between various systems of 35 mm. tele­
recording, but although the defects peculiar to the sup­
pressed-frame system are noticeable from time to time, the 
average performance is little different from other current 
methods of telerecording. Although picture correction 
facilities have been provided in order to remove differ­
ences, the full benefit of such equipment will not be realized 
until the signal-to-noise ratio of most television trans­
missions is materially improved. 

To summarize the advantages of the suppressed-frame 
method, it may be said that in exchange for the occasional 
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introduction of serrations on sloping edges, there are 
obtained mechanical simplicity, reliability, and a sensi­
tivity not easily to be achieved by more complicated 
methods. 
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Summaries of some recent BBC Patent Applications 

PAT. APP. NO. ]6250/54 

FLUX-SENSITIVE 
MAGNETIC REPRODUCING HEAD 

Inventor E. D. DANIEL 
The statement of invention reads: 
According to the present invention means for reproducing from a 
magnetic record comprise a reproducjng head, means for applying 
an oscillation of a frequency/, greater than one-half the highest 
frequency to be reproduced, to saturate, or at least substantially 
reduce the permeability of, a part of the magnetic circuit of the re­
producing head, whereby there is generated in the winding of the 
reproducing head an oscillation of frequency 2/ modulated in accor­
dance with the remanent flux of tbat part of the record at any time 
between the poles or the reproducing head, and means for extracting 
the modulation from the modulated osciUation. 

This invention is a magnetic reproducing head intended to re­
produce from a magnetic record a voltage output dependent upon 
the magnitude of the remanent flux in the medium, and independent 
or the frequency of the recorded signal, at least over a substantial 
range of frequency, and compJetely independent of the speed of 
movement of the recording medium. 

PAT. APP. NO. )6253/54 

TRANSMISSION MEASURING SET 
In,entors G. W. DILWORTH and R. E. NETIIER 
The statement of invention reads: 
According to the present invention alternating current measuring 
apparatus comprises means for rectifying the current and applying 
the rectified current across one diagonal of a thermaJ bridge having 
an indicating mete~ connected across its other diagonal. and a cali­
brated control device whereby the r.m.s. value of the current can 
be decreased and increased by known amounts. Because the current 
fed to the thermal bridge is a rectified current, the arrangement is 
responsive to the sense of a change in current. 

The invention is an arrangement intended to measure alternating 
currents. It is capable of measuring very small power leve1s by 
measuring the current in, or voltage across, a known impedance. It 
is, therefore, particularly suitable for measurements required in signal 
transmission systems. 

PAT. APP. NO. 17472/54 

EXCESS FRICTIONAL LOAD INDICATOR 
Jnyentor C. G. RUMSAN 
The statement of invention reads: 
According to the present invention a prime-mover is provided with 
means .responsive to the relationship between the fuel supply to the 
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prime-mover and the power output of the prime-mover, over a wide 
range ~f values or power output, to give an indication and/or stop 
the pnme-mover (or reduce the fuel supply thereto to a low vaJue) 
when the ratio of the fuel supply to the output power exceeds a pre­
detennined value. The said predetermined value may vary with the 
output power. 

In its main application this invention is intended to protect the 
prime-mover of an engine-driven generator against the effects of 
internal mechanical faults in the prime-mover. 

PAT. APP. NO. 17473/54 

MEASUREMENT OF RESOLUTION OF 
OPTICAL LENSES 

Inventors R. D. A. MAURICE and W. N. SPROSON 
The statement of invention reads: 
According to the present invention there is provided apparatus for 
producing a visual display representative of the effective resolution 
of an optical lens, the apparatus comprising a mounting for the 
lens, a test chart of a predetermined contrast ratio and comprising a 
plurality of spaced bars, the widths of the bars and of the spaces be­
tween each two immediately adjacent bars being equal to one an­
other at all sections of the test chart transverse to the Jongitudinal 
centre-line of one of the bars or spaces, the said widths decreasing 
progressively in a direction paraJlel to the said longitudinal centre­
line to give a progressive change of grade of detail within a pre­
determined range, means including the optical Lens when present for 
examining an area of the test chart on or substantially on the said 
centre-line and of smaller size than the smallest width of bar or space 
to be examined, and for displacing the said area and the test chart 
relative to one another in order to move the area over the test chart 
in a direction parallel to the said centre-line and thereby change the 
grade of detail under examination, visual display means operatively 
connected to the last-mentioned means and capable of producing a 
visual display representative of the grade of detail under examina­
tion a photoelectric device receiving at least part of the light from 
the said area and which has been reflected by or transmitted through 
the test chart, the photoelectric device producing electric signals 
rep~entati-~e of the intensity variations of the said received light, 
the visual display means being connected to receive the electric sig­
nals and responsive thereto so that the said visual display is also re­
presentative of the said intensity variations. 

The invention is an arrangement for measuring the image-forming 
properties of optical lenses and provides a visual display which is 
representative of the effective resolution of the optical lens under 
test. 
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