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Photographlng Telev1smn Pictures -

by Ray E. nght* and Damd J. Br_y’an'l‘

‘Special prccautmns need to be taken when photographing a television picture to avoid a
.“strobing’ interference between the relative movements of the camera shutter and the

television scan. An electronic timing unit-is deseribed that switches the television picture on -

for one, two or four fields, when the camera shutter is fully open, after receiving a trigger
. pulse from the fiash contact. It 'should be possxble to apply the principle to a domestic

television receiver having an input from a camera flash contact and a switch marked ‘tv*

and ‘photo’. By setting highlight brightness to 85cﬁ/m2 at f4 for one television frame, and
increasing black level to ensure recording of good shadow detail, a normal colour monitor
grey-scale balance produced first-class results on Agfa CT18 film.

While at Thames Television we were
asked to photograph the. television.
coverage of the Apollo-11 moon landing.
" To do this we developed a piece of
.equipmeént that eliminated shutter bars,
usualty- present when using a' camera’

-—=hutter speed- of approximately '1/25 -

ond, The usual solution to this problem
a longer exposure time — was not
acceptable in this case because we wanted
to freeze movement at least as well as the

moon camera had done. :
A television picture is a series of fields,

each taking”1/50 of a second to write its
3124 lires. from top to bottom .of the
picture. The lines %of each alternate field
are traced out between the lines of thé
previous field. This is called interlace. One
complete television frame uses two fields,

. persistence or memory in our vision is just
longer tham /25 second, we effectively see

emulsion it is possible, by using a fast
shutter speed,.to catch and record part of

picture. Of course, a longer film exposure

.would, and a normal looking reproduct:on
is obtained.

Fig. 1 illustrates the action of both a
focal plane and a blade camera shutter.
The diagram is marked off in television
fields. The blade shutter opens quickly and
remains fully open for the majority of its
exposure time, and then closes qulckly (a).
| On the other hand, a focal plane shutter
=opens steadlly and relatively slowly, and
closes in the same way (b). It is only
briefly fully open when set to about*1 /30
second. If a blade shutter opens in the

e

*Television consultant. -~
T Michael Cox Electronics Ltd.

it lasts *1/25 second and because the -

. & picture of 625 lines. However, because "
there is no persistence in a photographic -

‘the television scan as an incomplete:

lime stores up successive fields as thé eye

middlé of a field and its opén- time is -

longer or shorter than 1 /25 second there
will be a bright or dark shutter bar across
the photograph where ecither more or
fewer than 625 lines have been exposcd
and recorded.

This effect can be minimized by
accurately adjusting, the shutter’s open
time to be “1/25 second. If the

; . apen period
open ' / \ I (a)
closed ~
. fully open
open
{b)
closed
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- Fig. 1. Both blade-type.(a) and focal -
plane shutters (b} have disadvantages
Jor controlling exposures — overcome by
switching two fields as in Fig. 3.

‘photographer
shutter release in between one field and the

hapf)e;led to - press the

next, when no picture information is being
transmitted, a good photograph would be
obtained. Sometimes the shulter bar falls

on' an area of picture information of little -

interest, in which case a part of the
negative may be satisfactorily used.
The focal plane shutter is unique in that

the speed of the shutter blinds across the .

film is similar to the speed of a television
scan down its picture,-This ean result in
two diagonal "lines of exposure
demarcation, one for the opening blind
and another for the closing -blind. The
normal photographic solution to this is a

longer exposuré time, but unfortunately

this will not capture any movemient.

It is clear that both shutters have
inherent drawbacks that prevent them
being used to photograph a television dis-
play with a shutter speed that both stops
movement and guarantees a perfect record
each time.

Electronic shutter

A solution to this problem is to pulse two
fields on to a picture monitor, but only
when the camera shutter is fully open.
This may be arranged to occur at

‘precisely the right moment by triggering

the electronic shutter from the camera
flash contact. Fig. 2 is a block diagram
illustrating this arrangement.

Most cameras with focal plane shutters
have two sets of flash contacts cperating
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Fig. 2. Closihg the camera’s flash contact initiates an electronic delay, which in turn starts a
[field ‘counter to-determine the exposure tinte, i.e. 1, 2 or 4 fields duration. A frame pulse is
Jormed to gate the colour signals to the television monitor. These colour signals are derived

and to synchronize the momtor

-

. Jrom a PAL decoder, which also supplies the synchronizing, pzdses o operate the j' eld counter
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““at slightly different times. The M or FP

contact, used with flash bulbs, closés as

the first shutter blind starts to move, thus.

giving the flash bulb approximately 25ms .

to reach its peak brightness coincident
" with the full opening of the camera shutter
blinds. The X. contact closes as the shutter

reaches its-fully open position and is used .

with electronic -flash equipment which
reaches 'its brightness peak instan-
- taneously when triggered, .

. Operation of the electronic shutter is
best described by considering it in use with
a focal plane camera shutter timed to open
in1 /25 second and using M or FP flash
syfc on the camera. Fig. 3(a) shows the

. camera shutter release pressed at the’ ‘start

of field 2. .
An electronic de]ay, adjusted to end

when thé shutter is fully open, is started by

. the camera flash contact. After the delay
the next two television fields are selected

_ and” switched: to the monitor. After the

exposure is compléted the shutter may
close. To operate the electronic shutter

with the . X-synchronization .contact, ithe -

delay in. the electroniés must be reduced °

to negligible proportions.
If the’ camera- shutter was released

after the start'of field 2, Fig. 3 (b), then the -

first complete field cannot be seen by the
‘open camera until the start of field 5. In

this case the open time of the shutter must’
\ “be lonmger to' capture the full picture

composed -of fields 5 and 6. The total
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Fzg 3. Opemtmg the camera shutter .at-the start of a frame starts a manostable delay

i

Jully operr (o). To allow for a shutter operatmg
camera exposure time chosen miuist be at Ieast 80ms —
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- camerd contacts makmg a second time.

_camiera shutter tlme reqmred to fully cover

\ the electronic, exposure is.-made up of

40ms of electronic delay during fields. 2
and 3 followed by 20ms.wait for the start
of field 5 and then 40ms exposure for
fields. 5 and 6. In practice this sequence
is"covered by, choosmg the” next longest
camera shutter speed which IS 125ms —

. or1 /8 second.

. The  electronic shutter - bu1lt for the
moon landing photography ‘had two
additional features.. The -flash contact -on
the camera could bounce and produce a
second pulse To overcome this.an inhibit

“circuit was mcorporated that prevented -

‘the circuit respondmg to any pulses other
‘than the first one for about 0.5 to 1.0s. A
. further refinement- was a switch enabling
the selection of oné field (half a television

. picture), two fields (one picture) or four
. fields (two pictures) for photography

Crrcurt descnphon

E[ectromc delay - and resct. Closmg the
camera flash contact triggers the integra-

ted monostable circuit M, — Fig. 4. The.

40-ms negative-going output of M, is used
- to inhibit the ficld pulse counter until the
.camera - shutter has opened fully.. The
47-nF - capacitor at the input prevents
. spunous signals which may be picked up

.in 4 Tong flash cable from friggering the -

.circuit. The ]eadmg edge of the positive

" output of M, triggers M,. The 0.5-u5

posmve-gomg output of M, resets the field
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- Fig. 6: Circuit Sor providz‘rig positiu:e field sync pulses. -

J .

| Fig. 5 This mhzbrt monostable circuit (M. L) is provzded to preveutM, from bemg mggered by

pulse counter B,, B, and B, to the 000
state. Whern the -counter is in this state
gite Gy erl have. a high output” whatever

" the condition of §, and hence mput Jto

gate G, will be high.

. In the X mode of synchromzatron the .
t1rnmg capacitor of M, is removed from
the circuit thus reducing the 40ms delay to
1us whxch in this contextis neghgrble

Fteld counter.. At the end of the 40m< or
1(s period of M, input 1 to gate G, be-
comes high. Positive—going' field pulses
from the field pulse' former can now

pass through G, and after inversion by

G, clock the bindry counter. As the
counter is clocked, into the 001 state by
the first field pulse, gate ‘G, is enabled
as @, is high and" @, or Oy
(as selected by S,p) is low but, after
inversion by G, appears high at input 1 to
G, The low output of G, sets B, thus
producing a low on the g cutput. -

Gate Gy is enabled on a count of either
010(2), 011(3) or 101(5) as selected by &

- and when enabled resets B, causing the Q

ontput fo revert to high. An output pulse,
has thus been produced starting on the
first television field pulse after the delay of
M, and lasting for a further 1, 2 or 4 fields
as selected

: Inhlblt circuitry. Transrstors Trl to Try,
Fig 5, form a monostable circuit (M,)-
- which inhibits M, from trrggenng a second -
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time 'if -for any reason the flash contacts
make a-second contact while the shutter is
still open. This second contact, sometimes
produced as the shutter is .in the act of
closing, is not a problem with normal flash
photography, as a bulb can flash only
once in its- life and electronic flash

equipmeént has a recharge time of several -

- seconds. As unwanted television ‘flashes’
- disturb the photographer even- when the
shutter is fully closed; the period of Mj is
adjusted to be less than the. minimém wind
on time of the camera. Transistor Tr, is
an inverting transistor, and Tr; and LP,

indicate to the photographer the- state of -

_the inhibit circuitry. The -monpstable is

"designed with a complemeitary input to,

give” a fast re-set time, necessary for
-correct inhibiting ‘when photographing at

maxifurm speéd (that is as fast as the

photographer can wind on the film). -

Field pulse former. Mlxed sync pulsés
- derived from the video signal by the PAL
decoder are passed via the emitter follower
Tr,, Fig. 6, to an integrating circnit (Cas
R,). The output of the mtegrator switches
Tr, at field rate, remaining line-rate

information being removed by a shunt - :

capacitor at the collector. In. practice the
monostable . circuit Trg and Try was
needed  as
serrations in the output of the integrator
could produce a double pulse at the output
of Tr,, thus causing the field pulse counter
to miscount,

Level converter and signal gates. The
negative-going pulse output of B, is used
to switch Tr,, Fig. 7, to produce a

: posrtrve-gomg pulse switching between -

—12 and 412V with respect. to earth.

.

- This is used to switch three signal.gates,
., one each for the red, green and blue video

outputs of the PAL decoder. Switch" S,
turns off Tryp thus allowing_ the® video

signals to be routed continuously to the

picture monitor while setting up.

- Video switches are of the- series- shunt ;

type and “were chosen for their good

.

diodes to prevent forward biasing of the
gate junctions. The gates are decoupled to
the control line to improve switching speed

and to prevent pick-up at the hlgh_

impedances produced when the series

diodes are reverse biased. A -standard

Thames Television video buffer amplifier

0K won Iy positive -
- 2N3702 tield
- . : pulse
. ‘ , o Tr‘a3 ,_.I i
. ; . ' S % 470
_ 100 : S ] . 20K . 3
¢ =R I - A~ &
i 1K -|-‘."7"
——4 oV,

remaining -~ broad-pulse’

isolation and lack of dc. offset. The -
- junction f.e.t. gates are driven’ vig series

3 -
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Fzg 7. lets level cizanger cgnverts thenmmg pulse autputofB‘; intoa form suitable, for dnvmg

the 1 three szgnal gates.

. (type VA200) is used in conjunction. with
each sig‘nal gate to make up- the small loss
of the gate and to provide an output w1th av
sourcc impedance of 75 ohimns.

_ At first sight it rrught appear more
,econormcal to install a single gate at the.
input td the PAL decoder. ThIS is mot
possible because  the colour decodmg
. circuits must be fed continuously with the
colour burst from a video signal as when
interrupted they take -a finite time to. :
re-synchronize when reconnected. In
addition, a, ;supply of ‘mixed sync pulses
derived from .the video signal by the
decoder must also be provided for the
coldur monitor (which has a relatively

_ lofig synchronizing tirne) and for the ﬁeId
pulse counter if the system is to start,

(2
Exposure determmatlon
The .active exposure time is -fixed
according to the nmmber of television
fields -fequired — usually two — and is,
therefore ~1/25 second. Although. the
camera shutter may be. open for longer

‘than _this, the television screen only lights
up for two, selected fields of that duration.
A series of experiments, with the camera
lens set to f4 and using' Agfa CT18
reversal filmi rated at 50 ASA showed that

_picture whites at a brightness of 85 ¢d/m?*
reproduced ‘well  without unduc tonal
compression, and shadow 'detail was-

" optimum with the imonitor black level set a
little high. It was nat easy to measure this
increase in black levél because it amounts
to a.very small figure. Becanse the shutter
is’open for longer*than the active television
exposure, this black level increase tends to.
produce a fogging exposure. This was not
found troublesome with reversal film and
can - certainly be cancelled out in a
negative /positive method of photography.

»> o
green & blue
gates

B
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Apphcatlons

It is. possible to ‘apply the prmmple of thIS
" electronic shutter to domestic receivers by

using the timing pulse, from B, either to -

gate _the YRGB or RGB signals to the
" picture fube or’ video amplifiers (after
synchronizing information has been
extracted)} or by applying a blanking signal
to the tube. Problems are likely to be

encountcred however, with the TESpOnSe .

time of the e.h.t. stabilization circuits and
the loss of field interlace which may
accompany this.. This
present on sSome plcture ‘monitors,. as

- illustrated in Fig, -8. To be sure of

gbtaining premsely the correct picture it
‘would of course bg .necessary -either to use
‘a second receiver or to arrange that the
signal is extinguished at the starf of the

=

initial 40-ms_delay. We see the time when'

a domestic television receiver could have a
camera’ flash socket at its rear together
‘with ‘a switch marked ‘tv’ and “photo’
that will .efiable the enthu51ast at home to
“get first  class photographs off his
.television set.
The benefits of 'a rehable method of
television -stills photography was soon
realized by production staff who now use

this equipment to obtain stifls'from video -

taped programmes,

The “ability of being ablé to ‘select-and

photograph one single television field is

particularly useful in .recording the effect °

* of pick-up tube lag.
The motxon—capturmg ability of such a
- photographic set-up is determined by the
television pick-up tube bemg used and the
~ television field repetition rate. A complete

broadcast television pléture is transmitted’

‘in*1/25 second, as in Fig.' 8(c), which in

" * common with motion picture films is fast
enough to convey the appearance of .

preblem  was

.o 293

T NG ,
. Fig. 8. Examples of electronic . shutter in
" use. While-(a) and (b) are satisfactory (c)
* shows “movement too fast for the frame.
rale to caplure, but almost frozen on each

Vv \ field: With both (c) and (d) poor e.h.t.
regulation results in loss of interlace.

‘‘continuous motion from a series of such
. pictures. One field of a televison picture -
will have a stopping speed of-1 /50 second.

—which can be selected on the electronic -

shutter - but of course with only 3124
lines. Such effects as smear and lag, v151b1e
with today’s generation of photoconduc-
+tive  pick-up tubes, will reduce. the’
shacpness of moving pxctures still further.-
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