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UNITED STATES PATENT office 
2,373,14 

TELEVISION FM RECORDING AN 
PROJECTION 

Thomas T. Goldsmith, Jr., Cedar Grove, N.J.,as 
sigmor to Allen B. Du Mont Laboratories, Inc., 
Passaic, N.J., a corporation of Delaware 
Application June 21, 1941, Serial No. 399,055 

(C. 18-6.) 11. Claims. 
This invention relates to the production of 

television programs in large size on motion pic 
ture screens. With the system employed herein, 
incoming electrical signals are converted into 
the corresponding lights and shades of a picture 
On a cathode-ray tube. In carrying out this in 
vention pictures are reproduced as negative 
images on a cathode-ray tube. Then a motion 
picture camera is used to record the series of 
pictures directly on positive stock film. This 
film is developed rapidly and can be projected 
promptly in standard motion picture theatre 
projecting equipment, resulting in large screen 
reproduction of television, 

In this way the necessity for reproduction of 
the television picture on a tube which in itself 
is of Sufficiently intense brilliance to allow direct 
projection, is avoided. The Cathode-ray tube is 
bright enough to provide for recording on an in 
expensive grade of motion picture film although 
this brilliance is far less than that required for 
direct projection, say on a screen 30 feet in size. 
Consequently the life of the cathode-ray tube 
and aSSociated equipment is much longer than 
in the case of direct projection and also the 
equipment is much less costly. 
There are many advantages in this interme 

diate film method of obtaining large screen pro 
jected television pictures. By recording on film 
it is possible to use standard projection equip 
ment with its inherently high brilliance pro 
vided by the highly developed projection arc 
lights. By use of the intermediate film, the pro 
gram may be edited before showing if desired. 
Also, repeat programs are available and the pro 
grams may be Scheduled at will So as not to in 
terrupt the continuity of the theater feature pro 
granS for example. 

In carrying out the invention a television re 
ceiver, which may be of conventional form for 
accepting the composite video and synchronizing 
signals either from a transmission line or over 
the air, may be used. The picture goes through 
a conventional receiving circuit to be monitored 
in its positive polarity in the standard way. At 
a point along the amplifier circuit the composite 
synchronizing and video signals are fed to the 
circuit that is necessary to invert the polarity of 
the picture. This circuit may take the form, for 
example, of an additional video amplifier stage, 
or it may consist of a reversed polarity detector 
circuit when used with radio frequency transmis 
son. This invented signal is then fed to a cath 
ode-ray tube, preferably using a blue screen 
of high brilliance employing 10,000 to 15,000 
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volts for acceleration. This bright negative pic 
ture is photographed on positive film and after 
a rapid developing process the film may be im 
mediately thereafter passed through a motion 
picture projector to provide a direct positive pic 
ture on the conventional theatre Screen. 
A particular feature of the invention is the 

provision in the equipment which drives the 
bright blue cathode-ray tube, for producing lo 
cally such signals as are necessary to blank out 
the white return lines which would otherwise be 
produced on this inverted television picture. 
This local blanking generator may, for example, 
consist of a set of saw-tooth generators operat 
ing at horizontal and Wertical Scanning frequen 
cies and controlled by the incoming synchroniz 
ing signals, followed by suitable blanking signal 
shaping circuits of the type described in Camp 
-bell Patent 2,207,048. 

Another feature of this invention is the use of 
automatic direct current leveling circuits feed 
ing the cathode-ray tube which maintain the 
proper voltage relations between the locally gen 
erated blanking signals and the incoming pic 
ture signals. In the conventional receiver pro 
ducing a positive picture the pedestal level of 
the composite signal determines black for the 
picture. However, with the present invention 
this pedestal level determines the maximum 
White of the picture since the picture signals are 
inverted. A diode tube is inserted to maintain 
this white level at a constant brilliance so that 
the incoming picture signals always work to 
Ward the black from this fixed point. For ex 
ample, this diode may be placed in the circuit at 
the grid of the cathode-ray tube. An additional 
diode direct current leveling circuit is prefer 
ably employed to control the operating range for 
the locally generating blanking. In one embodi 
ment of the invention this locally generated 
blanking may be applied to the cathode of the 
Cathode-ray tube with its direct current level 
control adjustable in a manner to provide for 
change in average brilliance of the tube. These 
blanking signals are of Square pulse shape and 
must have a minimum amplitude which is as 
high or higher than the total peak to peak ampli 
tude of the incoming composite picture signal. 
If the blanking signal is higher in amplitude 
there will be no harm done. In practice the 
blanking signal is continuously produced at a 
level higher than any possible peak picture sig 
nal. Consequently the use of the direct current 
leveling diode always regulates the level of the 
picture interval of this square pulse blanking 
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signal so that this interval corresponds to fixed 
brilliance level and the other level of the blank 
ing signal may fall where it will. With the di 
rect current leveling diode the actual amplitude 
as well as the width of the blanking may vary 
from time to time without harm since the active. 
interval for picture is maintained at a constant 
level for this blanking. 
The invention may be more clearly understood 

from the description in connection with the ac 
companying drawings, in which: 

Fig. 1 is a block diagram showing Somewhat 
diagrammatically a way in, which various units 
may be assembled and connected in carrying out 
this invention; and 

Fig. 2 is a similar diagram on a larger Scale 
showing more details of certain components and 
some additional elements. 
In the drawings, reference character indi 

cates a television receiver for an input signal 
through connection 2 either to a transmission line 
or through the air. The receiver delivers a com 
posite television signal 3 of conventional polarity 
which may be monitored on a cathode-ray tube 
O in the usual way. This composite signal 3 is 

delivered to a one stage amplifier which inverts 
the picture signal as shown at 6. This inverted 
signal is passed through a direct current inserter 
5 which controls the reference level from which 
the modulation occurs and yields the Wave form 6 
which is opposite in polarity to the conventional 
wave form 3. The wave form 6 is delivered by 
means of connection 7 to the grid 48 of the bright 
cathode-ray tube 8, thus providing the grid modul 
lation to this tube 8 for producing a bright re 
versed polarity television picture on the screen 
of this tube. In one embodiment of the inven 
tion this cathode-ray tube 8 has a blue screen 
with a high accelerating voltage So that it pro 
duces light which is most actinic even for inex 
pensive grades of motion picture film. 
The television receiver delivers a horizontal 

sawtooth wave form by means of connection f to 
the monitor cathode-ray tube fo, to the cathode 
ray tube 8 and to the horizontal blanking gen 
erator 2. The receiver also delivers a vertical 
sawtooth wave form by means of connection 3 
to the tube 0, to the tube 8, and the vertical 
blanking generator 4. The horizontal blanking 
generator 2 and the vertical blanking generator 
4 may consist, for example, of circuits of the type 
described in the Campbell Patent 2,207,048. 
The square wave form blanking pulses from 

generators 2 and f4 are suitably mixed in the 
blanking mixer T and after passage through a 
direct current inserter 25 the blanking signals 
are applied by means of connection 26 to the 
cathode 47 of the cathode-ray tube 8. 
The above described blanking signals which are 

represented by wave form 8 serve to annul the 
standard blanking which is an integral portion of 
wave form 6 and therefore prevent the visible ap 
pearance of the return lines in the process of 
scanning the cathode-ray tube 8. This wave form 
18 represents the signal on conductor 26. 
The motion picture camera 27 records the re 

versed polarity pictures which appear on the 
screen of tube 8, using positive stock film 28. This 
film may be of an inexpensive grade since the 
blue light from tube 8 is of sufficient brilliance 
for direct recording on the positive stock. Use of 
the negative or reversed polarity picture on tube 
8 and positive stock film in the camera 2 makes 
it feasible to develop only one film, thus saving 
the conventional step of initial recording on a 
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2,378,114 
negative film and production of a positive there 
from. The positive film 28 is immediately there 
after passed through equipment 29 of the known 
Sort for rapid development, fixing and drying of 
the film in the well-known way. This developing 
process can be accomplished in a minute or less, 
so that the film is almost immediately ready for 
projection after reception of the picture on tube 8. 
The positive developed film is then passed into 

the motion picture projector 30 Where the con 
ventional arc light 3 is directed by a condensing 
lens 32 through the film gate and the picture 
is focused by the lens 33 on the conventional 
theater screen 36 in the well-known manner. 
Some of the details of Fig. 1 are shown on a 

larger scale in Fig. 2. This Fig.2 shows particu 
larly, more in detail, the circuits for direct cur 
rent level control of both the picture signals and 
the locally generated blanking signals. It also 
shows an additional tube in parallel with the 
cathode-ray tube which combines the two signals 
in the same way they are combined in the cath 
Ode-ray tube 8 but in a manner so that the re 
Sulting signal appears across a load resistor for 
monitoring on an oscillograph. 
The waveform 35 represents the composite tele 

vision picture signal, which is ready to be ap 
plied to the grid of the cathode-ray tube 8 ex 
cept that it has not yet passed through the direct 
Current level control circuits. The wave form 
35 represents the signal which is present on the 
lead 40 and at the lead 40 this wave form has 
no particular relation between its average volt 
age level indicated by the dotted line 36 and its 
blanking level represented by the pedestal height 
shown at 39. There is no necessary definite re 
lation between the dotted line 36 and the level 
39 up to this point, because condenser coupling 
might have been employed in earlier amplifier 
stages which would make the level of the dotted 
line 36 vary with respect to the pedestal 39, de 
pending upon the composition of the picture. 
The signal 35 is passed through the condenser 
4 to a diode tube 42 which is so connected as 
to provide direct current insertion to control the 
pedestal level 39 at a fixed voltage relation for 
the grid 48 of the cathode-ray tube 8. The re 
sistor 44 between tube 42 and lead 7 is of low 
resistance value, yet sufficiently high in resistance 
so that the synchronizing peaks 37 on the com 
posite wave form are practically ignored; con 
sequently the signal appears on the plate 43 of 
the diode 42 as though the pedestal level 39 were 
essentially flat from the beginning to the end of 
the blanking interval. A high resistance leak 45 
is placed across the diode 42 so that the voltages 
may return to normal after momentary unusual 
surges. The condenser 4 tends to apply signals 
to the plate 43 going positive and negative with 
respect to the dotted line 36. However, upon an 
attempt to drive the plate 43 positive with respect 
to the cathode 46, the tube 42 will conduct cur 
rent and establish a bias voltage on the con 
denser 4 so that no Subsequent signals can go 
more positive than the cathode 46. The reference 
voltage level indicated by the dotted line 38 is 
established in this way, and the television signals 
are maintained always negative with reference 
to this line 38, except for the synchronizing peaks 
3, and the pedestal 39 level is caused to assume 
the fixed voltage of the dotted line 38 to maintain 
the proper brilliance setting of the grid 43 in the 
cathode-ray tube 8. In this way the receiver 
automatically varies the absolute brilliance of the 
received picture when the transmitter sends one 
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line, for example, which is essentially bright on 
a standard picture of positive polarity, as shown 
in the first section of wave form 6, and a subse 
quent line which is essentially dark in a standard 
picture of positive polarity, as shown in the sec 
ond section of wave form 6. It is to be understood 
that the cathode-ray tube 8 must reproduce this 
picture in negative polarity and therefore this di 
rect current inserting diode accomplishes the re 
sult of maintaining a direct current level repre 
sented by line 38 for maximum white with means 
for modulating always toward black from this 
level, whereas the conventional tube with a pic 
ture of positive polarity has a direct current in 
serter for maintaining a constant black level with 
facilities for modulating toward the white. 
The connector 49 carries the locally generated 

blanking signals from the blanking mixer T and 
introduces these signals through the coupling con 
denser 5 to the cathode 52 of the direct current 
insertion diode 53. The plate 54 of this diode is 
returned to a bias voltage Supply by means of 
the potentiometer 57. The condenser 55 is em 
ployed to prevent signal voltage from appearing 
across the potentiometer 57. The high resistance 
56 shunts the diode and enables the circuit to re 
turn to its operating range automatically after 
an abnormal surge may have appeared. By 
means of the potentiometer 57 the absolute value 
of the direct current voltage may be set inde 
pendent of incoming signals and this potention 
eter serves as the brightness control of the cath 
ode-ray tube 8. The vacuum tube 58 is connected 
as a cathode follower stage to pass the blanking 
signals without inversion of polarity but with re 
duction of source impedance. The blanking sig 
nals are applied from the direct current inserting 
diode 53 to the grid 59 of this tube. The cathode 
60 is connected directly to the cathode 47 of the 
cathode-ray tube 8. The resistance 6 in the 
cathode circuit of tube 58 is of low value so as to 
transmit the blanking wave forms without dis 
tortion and so that changes in current in the 
cathode-ray tube 8 will not cause an appreciable 
change in the direct current level control circuit. 
The blanking wave form 63 represents the signal 
on the conductor 49 and would represent the sig 
nal at the grid 59 after passage through the con 
denser 5 if it were not for the direct current 
inserting diode 53. The dotted line S2 represents 
the average level above and below which the sig 
nal swings positively and negatively. Thus the 
voltage difference between this average level 62 
and the level of the picture interval 67 of the 
blanking signal would depend upon the relative 
areas indicated in the shaded portion 64 and the 
cross hatched portion 65 of the wave form 63. 
By use of the direct current inserting diode 53 the 
wave form 66 results and is applied to the grid 
59. Here the dotted line 68 becomes the reference 
level for the direct current in the blanking cir 
cuit. This level 68 is actually determined by the 
potential of the plate 54 and may be varied by 
means of the potentiometer 5 so as to change 
the brightness of the cathode-ray tube 8. How 
ever, the picture interval 67 of the blanking sig 
nal represents the most negative excursion of the 
blanking signal, and by means of the diode 53 
this tendency of the cathode 52 to go negative 
causes the tube 53 to conduct and charge con 
denser 5 so that the picture interval level 67 
always coincides with the dotted line 68, even if 
the wave form 63 should be changed in amplitude 
or width. For example, the shaded area 64 might 
be increased by widening of the blanking pulse 

0. 

20 

30 

35 

40 

80 

35 

75 

Ways of carrying out the invention. 

3 
which would cause the wave form 63 to shift 
with respect to the level 62, causing a change 
in brilliance of the cathode-ray tube 8. It is nec 
essary that the portion 64 of the wave form 63 be 
a square impulse for blanking, which starts 
slightly before the standard blanking signal in 
the wave form 35 and ceases slightly after this 
standard blanking interval ceases so that the 
entire blanking and synchronizing signal of the 
incoming television wave form may be completely 
Suppressed. Since it may be necessary to alter 
the width of the region 64 and it may be desirable 
to change the amplitude of the wave form 63, the 
direct current inserting diode 53 is available for 
providing automatic means for controlling the 
output level of this signal so that the critical 
level 67 is always maintained at its proper value. 
A vacuum tube 70 may be connected in parallel 

with the cathode-ray tube 8 for the purpose of 
providing monitoring of the combination signal 
resulting from the two signals applied to the grid 
48 and the cathode 47 of the cathode-ray tube 8. 
The combination signal appears on the cathode 
ray tube screen of the tube 8 as changes in bril 
liance, but for adequate control of these signals 
it is desirable to produce and monitor the result 
ing wave form of the combination. Therefore 
the grid of tube 70 is connected directly to 
the grid 48 of tube 8. The cathode 72 of tube 
O is connected to the cathode 47 of tube 8. The 

plate 73 of tube 70 thus carries a current which 
is characteristic of both signals applied to tube 8. 
A voltage develops across the plate load resistor 
14 which represents this combined signal. It may 
be applied by means of a selector switch 76 to 
an oscillagraph 8 so that the wave form will ap 
pear on the cathode-ray tube 79 of the oscilla 
graph for monitoring purposes. The selector 
switch 76 also makes provision for monitoring 
the signal 66 through the connection 88 and for 
monitoring the signal 6 through the connection 
8, thus providing monitoring of either of the 
signals independently. The switch 76 may also 
be used to monitor other points in the circuit if 

' desired by use of the lead 82. 
Other means for direct current insertion may 

be employed, such as using the conducting ac 
tion of a positive swinging grid of a cathode-ray 
tube or the grid of some tube in an earlier ampli 
fying stage in the known ways. 

Also, it may be desirable to produce the nega 
tive polarity pictures on the cathode-ray tube 
Screen by simply using the signal normally fed 
to the grid of a cathode-ray tube for producing 
a positive polarity and connecting this signal in 
stead to the cathode of the cathode-ray tube. 
Then the blanking signals can be applied to the 
grid of the cathode-ray tube. This will require 
less changing of the actual video circuits used in 
conventional reception. 
The particular embodiments of the invention 

which are shown herein have been explained in 
considerable detail for purposes of making the 
invention clearly understood, but there are other 

For in 
stance, the picture and Synchronizing wave form 
may be mixed with the locally generated blank 
ing signals in a tube ahead of the cathode-ray 
tube, using direct current leveling on each chan 
nel, with direct coupling between such a stage 
and the cathode-ray tube. 
The accompanying Sound for the television 

may be recorded on the same film with the 
picture, displaced the conventional distance 
from the corresponding picture frames so as to 
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synchronize in standard motion picture projects 
tors. 
What is claimed is: 
1. In a device of the character described, 

means for receiving television pictures and re 
cording them on film, comprising a cathode-ray 
tube having a screen and means for producing 
pictures in negative polarity upon said Screen 
from a received signal of positive polarity, and 
blanking means to suppress the normal return 
blanking components in the received television 
signal. 

2. In a device of the character described, 
means for receiving television pictures and re 
cording them on film, comprising a cathoder 
ray tube having a screen and means for pro 
ducing pictures in negative polarity upon Said 
screen from a received signal of positive polarity, 
and a camera for recording said pictures on 
film. 

3. In a device of the character described, 
means for receiving television pictures and re 
cording them on film, comprising a cathode 
ray tube having a screen and means for pro 
ducing pictures in negative polarity upon said 
screen from a received signal of positive polarity, 
a camera for recording said pictures on film, and 
means for quickly developing said film and means 
for projecting said film upon a Screen. 

4. In a television system having Synchroniz 
ing signals combined with picture signals, means 
controlled by said synchronizing signals for pro 
ducing blanking signals, means to apply Said 
picture signals to the grid of a cathode-ray tube 
in polarity which produces negative pictures On 
the screen of said tube from received pictures of 
positive polarity, and means to apply Said blank 
ing signals to the cathode of said tube. 

5. In a television receiving system, means for 
producing pictures of inverted polarity on a 
cathode-ray tube Screen from received picture 
signals of positive polarity, means for recording 
said pictures on film with photographic re 
versal of polarity, and means for projecting on 
a screen the resulting pictures of positive polar 
ity. 
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6. In a device of the character described, 

means for receiving television pictures and re 
cording them on film, comprising a cathode 
ray tube having a screen and means for produc 
ing pictures in negative polarity upon said screen 
from a received signal of positive polarity, a 
direct current inserting diode for maintaining a 
direct current level for maximum white on said 
tube, and means for modulating always toward 
black from this level. 

7. In the process of producing television pro 
grams, the Steps which comprise producing a 
negative visible television picture from received 
Signals of positive polarity and photographing 
said picture. 

8. In the process of producing television pro 
grams, the steps which comprise receiving tele 
vision picture signals in positive polarity from 
transmissions of positive polarity, inverting the 
polarity thereof and photographing the pictures 
thereby produced. 

9. In the process of producing television pro 
grams, the steps which comprise receiving tele 
vision picture signals in positive polarity from 
transmissions of positive polarity, inverting the 
polarity thereof and photographing the pictures 
thereby produced and projecting the photo 
graped pictures on an enlarged scale. 

10. In the process of producing television pro 
grams, the steps which comprise receiving tele 
vision picture signals in positive polarity from 
transmissions of positive polarity, inverting the 
polarity thereof and photographing upon a mov 
ing prepared surface the pictures thereby pro 
duced. ? 

11. In the process of producing television pro- - 
grams, the steps which comprise receiving tele 
Vision picture signals in positive polarity from 
transmissions of positive polarty, inverting the 
polarity thereof and photographing upon a mov 
ing prepared surface the pictures thereby pro 
duced and projecting the pictures from said sur 
face on to a stationary surface. 

THOMAS T. GOLDSMITH, JR. 
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