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Part 1

PLANNING AM/FM STUDIO FACILITIES

NAB ENGINEERING DEPARTMENT *

GENERAL PLANNING CONSIDERATIONS

The early planning of a radio station usually involves consideration of the market
to he served, site selection, transmitter power, tower height, station policies, per-
sonnel, the extent of programming, the hours of operation, and available capital. In
this part we confine ourselves mainly to the selection and arrangement of equipment
to achieve the desired results. Fivst and foremost of the decisions to be reached is
whether the studio and transmitter are to be combined under one roof or to be in
separate locations.

In the past few vears there has been a trend toward combined stndio and trans-
mitter facilities rather than separated facilities. More recently, however, there has
again been a trend toward scparated installations, with the transmitter operated by
remote control from the studio where permissible,

It is generally agreed that wherever practical it is most economical to combine the
studio and transmitter facilities. The initial equipment requirements are less, and
nore important is the fact that day-to-day operating expenses are lower. With the
plant “all under one roof” there are savings in heating and air conditioning, building
maintenance, and travel time, and in addition, less technical persommel is required. A
“combined” operation, however, is not always practical. There are several important
considerations:

1. Is the combined location the best spot for the transmitter site? (By that we
mean i3 there sufficient room for installation of tower or towers and an adequate
ground system? Furthermore, is it more advantageous from a standpoint of providing
the desired coverage?)

2, Is the combined location convenient and accessible for station personnel and for
clients? (A combined location is generally more practical in smaller cities, since an
accessible and satisfactary location for both studio and transmitter can usually be
obtained near the city lmits. )

When a combined operation is not practical, the second most economical approach,
where permissible, is to operate the transmitter by remote control from the studio.
Then one can select a transmitter site that is most advantageons from a radiation and
coverage standpoint, and the studio could logically be placed at its most convenient
lacation. The building requirements at the transmitter can be the very minimum,
requiring only space for the equipment, a small work area, and a small room-heating
wnit.  The studio contains conventional equipment and a remote-control unit. This
type of installation is one of the most desirable for larger cities.

# Compiled from sources listed in this part.
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Contrel Room

All control-room installations, large or small, are alike in many respects. The
differences are mainly a matter of the number of microphones, turntables, tape re-
corders, and other program sonrces to be served. This, in turn, will dictate the type
of consolette or control console that is most suitable, Beyond this, there arc various
arrangements of facilities to suit special conditions and personal tastes. For eco-
nomic reasons, most stations locate the control console in front of the studio viewing
window. They locate the turntables on either side of the operator’s position at the
console, a microphone over the console for control-room annuncing, and tape-record-
ing equipment within casy reach of the operator.

House Monitoring

A house-monitoring system is an important function, and proper planning hefore
construction begins will provide a much neater installation.  Provisions should be
made to carry audio to several locations throughout the building, the lobby area,
offices, clients’ room, etc. Besides normal program material, it provides a convenient
closed-circuit system for auditions and special monitoring.

Ductwork

The careful planning and layout of trenches and ducts for wiring is essential to
economical installation and cfficient operation. Once the technical equipment has
been accurately determined, it is then time to plan trench runs, These should pro-
vide for some measnre of future expansion.

Studio Considerations

As we examinc prescnt-day operations, we find the studio receiving less considera-
tion because fewer live programs are being originaled. Ilowever, we have further
discovered that neglect in the planning of the studio places a later handicap on the
average operation, which could have been prevented with only a small additicnal ex-
pense and a little careful consideration at the time of construction. Hence in this
article we present plans that provide for normal expansion without undue expense.

EQUIPMENT FPLANNING *

The next most logical step after early plans have been completed is the careful
and considered planning for the technical cquipment. This goes hand in hand with
the building design and construction. Equipment planning is the proper selection
and layout of technical equipment to satisty contemplated progranming requirements,

We are going to cover tlwee versatile plans for radio station equipment, which do
not uecessarily represent any existing stations but do illustrate several ways in which
the very latest equipment can be arranged to perform cfficiently with a minimum of
capital and personnel.

Since programming requirements vary, we present thvee plans, which represent
three specific calegories of operation:

1. Plan A covers a typical “combined” studio-transmitter operation, with program-
ming requirement of records and transcriptions, cantrol-room announce, one studio,
tape facilities, network, and remotes.  This is @ small station, requiring minimuam in-
vestent,

9. Plan B also covers a “combined” opervation but incorporates additional facilities
to allow for an annmounce booth and other local program material. 1t is a typical
comnunity station of moderate size,

# The following material was based on an article entitled, “Planning a Radio Station,”
contained in RCA Broadeast News, vol. 97, October, 1957.
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3. Plan € covers a fairly large two-studio station with separate studio and trans-

mitter locations but with optional remote operation of the transmitter.

It is de-

signed for large-citv operation, providing a high degree of Hexibility and Facilities for

extensive programming.
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Plan A

Plan A is a desirable lavout for the small station that proposes to start operation at
minimum investment. It includes the necessary technical equipment for handling the
following programs: (1) announcements, (2) rccord and tape shows, (3) network,
{(4) remotes, and (3) local live originations such as interviews and newscasts,

It will be noted in Fig. 1-1 that the floor plan is separated into combined trans-
mitter and control room, small studio, engineering workroom and parts storage, sup-
ply storage, and a sound lock.

The major items of equipment required to perform the programming operation are
identified on the floor plan. A block diagram and rack lavout {Figs. 1-3 and 1-4)
show how the system is connected.  An equipment list itemizes the requirements,
including the miscellaneous small items necessary to complete the system.

Table 1-1. Plan A Eqguipment List *

(Providing the facilities for handling records and transcriptions, announcements from the
control room, one studio, tape facilities, network and remote programming. )

Quantity Control room Quantity  Studio (Continted)
1 Audio consolette with tubes 1 16-in. clock
1 Dual headphone 100 ft Intercommecting cable No. 22
1 Microphone AWG shielded pair, with cot-
1 Microphone mounting ton-braided outer cover
1 Microphone plug
1 Microphone receptacle AM Lmusm{t{er input and
2 “Oneair” lights monitoring
2 Three-speed turntables 1 Cabinet rack
2 Transcription tone arms 1 AM frequency monitor
2 Pickup heads . 1 Modulation monitor
2 Transcription equalizers or filters 1 40-cdb 600-0hm fixed pad
1 Tape 1'ecnrde_r i 1 Program amplifier with tubes
1 Input  transtormer for tape re- 1 Mounting shelf for BA-25 ampli-
corder fier
1 Ollt])Lg transformer [or tape re- 1 920-dly 600-chin fixed pad
corder 1 Limiting amplifier with tubes
1 20—(11:) G00-ohm fixed pad 1 Ni()untifg shelf for amplifier
1 Monitor speaker 1 Double-jack panel
1 Monitar-speaker Imusing_ 1 Single-jack panel mat
1 Spcvaker lllf‘tCllillg transformer 400 ft  Interconmecting cable for audio
1 R 16-in. Sessions clock rack wiring, No. 20 shielded
100 ft 111terconnec‘tmg culﬂ.c Nu. 22 pair, solid conductor
AWG shiclded pair, with cot- 200 ft  Interconnecting cable for a-c and
ton-braided outer cover flament  circuits, No. 18
Studio shielded pair, stranded con-
ductor
2 Ribbon microphones 1 Terminal board mounting bracket
1 Deslk stand 1 Terminal power strip
1 Floor stand for microphone 1 Terminal audio block
3 Microphone plugs 4 Audio patch cords, 2 ft in length
3 Microphone receptacles 1 Switch and fuse panel
2 “Onm-air” lights 1 31%4u-in. blank panel
1 Studio monitor speaker 1 234240, blank panel
1 Monitor-speaker housing 2 n. hlank panels
1 Speaker matching transformer 1 5%2-in. blank panel

® Transmitter and antenna equipment are not listed here, since they are specified in ac-
cordance with power and pattern.

The choice of transmitter, of course, depends upon the power of the individual
station. Regardless of power, all other items included in plan A remain the same.
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Fig. 1-2. Jack panel for plan A.

Plan A incorporates many features to permit operation with a minimum of per-
sonnel. It is designed for a single operator-announcer to work directly from the

control room. The equipment location makes this prac-
ticable, since turntables, tape recorder, control console,
and record rack are all within easy reach of the operator.
The equipment rack is situated for convenient 1'()alding of the
frequency and modulation monitor meters without leaving
the operating position. Record-storage racks are easily ac-
cessible within the contrel room.  Furtheruore, the small
utility storage rack and table, located directly behind the
operating position, provides a handy place for keeping the
daily program material ready for use.

Entrance to the control room or the studio is via the com-
mon sound lock.  The small engincering warkreom with
storage cabinet and workhench is sometimes neglected in
planning but will prove its worth many times over.  The
wiring trough shown by dotted lines in Fig. 1-1 makes the
wiring veadily accessible for service or making additions to
the system,

Technical Facilities of Plan A

The control consale is the heart of the audio svstem. Be-
cause of its operational simplicity, it makes possible smooth
and successiul performance. This is owing lo proper loca-
tion of important controls.  Both from a systemy standpoint
and trom the physical standpoint all controls are easily ac-
cessible to the operator.  An examination of the block dia-
gram (see Fig. 1-4) shows the functional location of the
comsole in the system.  Note the capabilities, especially the
number of inputs and outputs,

Turnitables are next in tuportance.  They are three-speed
units: 33%, 45, and 78 mpm.  These utilize a simplified
speed-changing mechanisin, proved and reliable, driven by
a hysteresis synchronous motor.  The turntable starts very
smoothly, which is so necessary with microgroove record-
ings.

A tape recorder is located on the tuble within casy reach
of the operator. (This may be rack mounted, if desired.)
It is a dual-track, two-specd (3% and 714 ips) unit, driven
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out for plan A equip-
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direct by a synchronous motor. It utilizes the latest circuit techmiques: transistor
amplifiers and electrodynamic-tape tensioning and braking.

An automatic-gain-control amplifier and a limiting amplifier are located in the
equipment rack. The functions of these twa units in the system are related, and a
description of their importance follows.

It is a well-known fact that station coverage, regardless of power, is definitely
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Fic. 1-5. Floor plan B: location of all major equipment items. Note the addition of an
announce booth and a record library,

related to the ability to maintain the highest possible average level of modulation
without distortion. The use of a limiting amplifier has been common for several
vears with reasonably good results; however, it has some limitations. In a limiting
amplifier, the gain is constant up to a certain output level.  Above this level, there
is so much gain reduction that the output level will be maintained virtually constant.
Thus, a limiting amplifier is effective only on high levels of program material.

On the other hand, the antomatic-gain-control umplifier { AGC) will serve to main-
tain a relatively constant cutput, much in the same maner that an operator might,
by carefully and constantly “riding gain” on the program. The characteristics of
the AGC amplifier und the Timiting amplifier supplement cach other ideally when
connected in a system feeding a transmitter, This combination permits a higher
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average level of program material and prevents overmodulation on sudden program
peaks, which effectively improves reception in fringe areas and extends coverage
without increasing transmitter powenr,

Other major equipment items located in the equipment rack are the frequency and
modulation monitors ( required by the FCC) and a jack panel. The complete rack
layout is shown in Fig. 1-3.

Plan B

Plan B typifics the most desirable arrangement for the community-type radio station.
This plan fulfills all the requirements, from a space and facility point of view, for
handling a very diversified program schedule. It incorporates technical features that
make for an adequate yet economical operation.  The following equipment list itemn-
izes the equipment inchuding the miscellancous small items necessury to complete the
system.

While plan B is identical in many respects with the plan A station, it includes
larger and additional facilities (sce Fig. 1-3). The major difference is a larger
studio, the addition of an announce booth, and a record-library room. Additional

Table 1-2. Plan B Equipment List *

(Providing the facilities for handling records and transcriptions, anncuncements from tle
contral room, one studio, announce booth, tape facilities, network and remote programming. )

AM transmitter input and
Quantity Studio and announce booth Quantity monitoring (Continued )

2 Ribbon microphone 1 Terminal power strip
2 Desk stands 1 Terminal audio block
1 Floor stand 4 Audio patch cords, 2 ft in length
1 Uniaxial micropbone 1 Switch and fuse panel
4 Microphaone receptacles 1 Monitor amplifier with tubes
4 Microphone plugs for house monitoring system
4 “Om-air” lights (speakers to be selected as re-
2} Studio monitor speakers quired}
2 Monitor-speaker housings 1 Plug-in transformer for amplifier
2 Speaker matching transformers 1 Mounting shelf for monitor ampli-
2 16-in. clocks fier
150 ft  Interconnecting cable No. 22 1 31%%2-in. blank panel
AWG shiclded pair, with cot- 1 1 -in. blank panel
ton-braided outer cover 1 57%2-in. blank panel
1 in. blank panel
AM transmitier input and
monttoring Record library
1 Cabinet rack 1 Automatic turntable with remote
1 AM frequency monitor cantrol
1 Modulation monitor 1 Turntable
1 40-dl; 600-olim fixed pad 1 Transcription tone arm
1 AGC program amplifier with tubes 2 Pickup heads
1 Mounting shelf for amplifier 2 Transcription equalizers and filters
1 20-db 600-ohm fixed pad 1 Utilitv amplifier
1 Limiting amplifier with tubes 1 Monitor amplifier for audition
1 Mounting shelf for amplifier 1 Plug-in transformer for amplifier
1 Double-jack panel 1 Selector switch for input of ampli-
1 Single-jack panel mat fier
400 ft  Interconnecting cable for audio 1 Bridging pad for automatic-turn-
rack wiring, No. 20 shielded table audition
pair, solid conductor 1 Monitor speaker for audition
200 ft Intercommecting cable for a-c and 1 Monitor-speaker housing
Blament  circuits, No. 18 100 ft  Interconnecting cable No. 22
shielded pair, stranded con- AWG shielded pair, with cot-
ductor ton-braided outer cover
1 Terminal board mounting bracket

® Transmitter and antenna equipment are not listed here, since they are specified in ac-
cordance with power and pattern.



g ue[d 107 WELERp Wassg 9] "OLf
= T 3nomd)
| ~09/05 AOEI-00! g w3y ﬂ
HINOUHL f U oo9 5
QI TYNHON —e<—>—e— _ | 3 D
SNV Ml I Hd owwn |
> oo
AP 430 “ 41008 Kddfs 43m0d L3 P ,ﬁ
5 , HAY 304 INOHA
1911 av- o §— [ | PO TCE] o lw 450 , o AN AL
nerazsam b _ “ _\\J_ y A oS! |
YIWIGE0N0 — ! _ ‘m | sw3y AWy dWY  dmv ] [ © L3N - I,ﬁ
| =y NOW  Wod  Jud v Iw o (eom
L} H
TECER] | Wioom | | [4 4 _O | |
lewq\ ] ..oL,J y T # Tos! e ' |
—(] ¢ om
_ | ¢ L-—- v | | |
! [ . |
_ f S vos Czei ” , —(] eom a
80 0z J
_ o
= ——y | 0 rom |
o T 7 | aonis
| [ 160G [T ._.oonis L
_ 3R ] : ; ] |
v 80 0% |
_ | a5 U ] NW M W , (Jom wwv i
! nLs I'd
|_hooy 3 | *oa >|b 009 eI | o8 wnv |
! | P
[ o
NOILYLS 3009 W mo sy = | ddul |
3O HIMOd !
SHILYY3dO 8002 149 wdmw .ﬂ cz«xi i “
L0y - _ ; - -
Eﬂw%@%oouq DWML_%T any - “ﬂ R ‘ A, o |
NI 031537135 . ¥ A_WWLA Joer ! 2o
33 01 U8 awv | _t=- | i | VTD|_‘ g}
YILLIWSNYYL 334 5O “ NOW  dwv B3IS008 Wod d €W A ﬁ NHNL “
NOW aNV 1%3 NOILLANY
LndNI v - - .
S| HILLWSNTHL | [HI0H00T | HOK ’TA?W.ATE_ “om | yon “
uwlmoa v ) F\W\MlLdom_ | || | (] |
! B NOW Wod 1X3 _ 4 SHIT 8 NNY _ | [N *
! |
i —_ - L - , |
002 w008 poos 4y [ 1571 e S 0 P R e (T |
I \Y'mlolxv.?.l:z.\ \YTMQAI |/\/_|MI,.%TA < an |
rEul E N a001| dWY Wod rlM\\L\L I L F\L\Lc Lo g 77 _ f NV HD
8002 200y _ Ln 4% 315008 d SANY 3ld | | i
WryHo0Hd |
_ :iwmI 3113705N03 §— 98 | | oo 10um03
L ——

6-11



6-12 Studic Facilities
EXT | EXT | CON- | 4D DB | AGC | 20 DB | LIMIT-
NET | AUTO | REM | REM | REM | pGm | AuD | SOLE | PAD | AMP | PAD |€R AMP
ouT | ouT | out | ouT | out | ouT | ouT
NET | AUTO | REM | REM | pry | TAPE 30 DB | AGC | 2008 | LIMIT- | XMIT-
T i 2 EM | REC |SPARE| PAD | AMP | ‘PAD |ER AMP| TER
IN IN I IN IN IN | IN IN N

Py
IR

—+—< OPEN JACK

LEGEND

Fig. 1-7.

FREQUENCY
MONITOR

MOOULATION
MONITOR

LIMITER
AMPLIFIER

BLANK PANEL

JACK PANEL

BLANK PANEL

AGC AMP

BLANK PANEL

HOUSE
MONITOR
AMPLIFIER

BLANK PANEL

SWITCH AND fUSE

PANEL

Fic. 1
plan B

equipment,

-8. Rack lavout for

0 G NS TS O G O
AR R B AR AR

—~ea—~—>—e— NORMALED THROUGH
Jack panel for plan B.

equipment consists of an  automatic turntable, an-
other microphone, a monitor speaker, and associated
items.

Now programming can be expanded to include the
origination of a fairly substantial live studio show. An-
other important aspect of this plan is that with the
announce booth serving as another point of origination,
it becomes very practical to record announcements and
other program material while on the air.

Again we have utilized a common sound lock, in the
interest of economy, with the announce booth, studio,
and control room all accessible from this area. The
separation of the record library from the point of pro-
gram origination makes it possible, with the facilities
provided, to carry on auditioning of records, building
of shows, cataloguing, filing, cte.,, without interruption
during the program day.

It will he noted that the automatic turntable is
located in the record library bnt controlled remotely
from the operator’s desk. This is convenient and further
isolates the unit from the control room, so that any noise
created while it goes through the change cycle will not
go out on the air when the control-room announce
microphone is open.

Technical Facilities of Plan B

The control console offers the additional system and
operational functions required for Plan B. It retains,
however, the operational simplicity of the console em-
ployed in plan A. As a matter of fact, it is simply an
expanded version of plan A, just as plan B is cssen-
tially an expansion of plan A, An examination of the
block diagram, Fig. 1-6, verifies this, showing the func-
tion of the consolette in this system.

The jack panel for plan B is shown in Fig. 1-7, and
the rack layout in Fig. 1-8.

Three turntables are specified in the cquipment list
tor plan B. The additional turtable, along with some
accessory equipment, makes up a small system for
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auditioning records,  Figure 1-9 gives the details as to how this system goes together.
A first step toward automatic, or unattended, programming is provided by the

automatic turntable. It can be used at some later time as one of the building blocks

in u complete, unattended programming

system.  The automatic turntable, in con-

junction with a tape recorder, can be

utilized at the present time for more m ‘

AUDITION
TURN
TABLE

effective programming. For example,

taped commercials and  announcements SEPA:—(I)QI\EI%%AN
can he pre-recorded at any convenient AUX. INPUT IN TURN-TABLE
time. Then the desired records are CABINET

loaded into the automatic turntable.
This, in conjunction with a cue sheet,
will enable an operator to sclect and
direct, simply and casily, the function of }
the units. Plans for unattended operation will, by necessity, require some changes in
programming concept. A transition will be required from the old way to the new,
and all stations will not find unattended programming operation applicable in the
same way. Here, however, is the opportunity to guin experience and guidance for
future planning.

An automatic-turntable system ( block diagram, Fig. 1-10) serves to provide neces-
sary information for planning.

Fie. 1-9. Block diagram of record-audition
system.

TC AUX. INPUT ON
AUBITION AMPLIFIER

30 DB BRIDGING

AUTOMATIC TO
TURN —- EQUALIZER Amp CONTROL

TABLE CONSOLE

Fic. 1-10. Block diagram of automatie-turntable system.

Plan C

Plan C approaches the ultimate for the “larger”™ type of radie station as we know
it todav. From the Hoor plan (Fig, 1-11), it will he apparent that a high degree of
flexibility is maintained, offering facilities for handling very extensive programming.
Furthermore, it will be noted that plan C incorporates many of the same general con-
siderations described for the other layouts but with several additions. There is also
one significant deletion—the transmitter.  In this plan we have assumed that the
transmitter would be located separate from the studio, with its own building, at its
own site.

First there is a large studio. the size to be determined by just what type of pro-
graus one wants to originate.  The associated technical facilities saggested will handle
choral groups, full orchestra, audience-participation programs, ete.

Then there is the main control room equipped with a dual-chanvel control console.
These two full channels, cach with ils own monitoring amplifier and power supply,
provide maximum fexibility aud reliability,  Two Hhree-speed twrntables and two auto-
matic tumtables are cmploved.  Two remote-controlled  tape recorders and two
monitor speikers together with miscellancous amplifiers and aceessory ilems  are
included.

A highlight of this plan is the inclusion of w multipurpose roomn. I may be a small
studio or, as it is shown equipped (Fig. 1-11). may serve many purposes as follows:

1. A subcontrol room serving the main studio fov regnlar programming auditions or
recording (sce Fig. 1-12)

2. For disc-jockey-tvpe shows
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Fic. 1-11.

FLOOR PLAN C

is separated from the studio location.

Floor plan C: location of all major equipment items.

Notc that the transmitter
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3. For separate programming of another channel such as FM or to another AN
station
. As a recording control room
. Announce booth
Auditioning special programs
. Standbyv
. As a progrum “nrake-up” facility for automatic program utilization in the future.
The announce hooth, record library, engineering workroom, and storage area follow
closely the preceding plans.

PN T

Technical Facilities of Plan C

The major equipment item new to this plan is the dual-channel control console,
A block diagram of the it is shown within the system diagram in Fig. 1-13. It has
22 inputs available, a “split-mixer” fader system, and two VU meters.

BLANK PANEL BLANK PANEL
VU METER
AM-FM PANEL
TUNER N L B
BLANK PANEL
REM_CONT, REM. CONT.
TAPE TAPE
RECORDER RECORDER

BLANK PANEL

SOUND EFFECTS

LINE FILTER
EQUALIZER
TWOQ DOUBLE TWO DOUBLE

JACK PANELS

JACK PANELS

BLANK PANEL

BLANK PANEL

AGC AGC
AMP-1 | AMP-2

MON. MON
AMP-1 | AMP-2

BLANK PANEL

BLANK PANEL

BLANK PANEL

BLANK PANEL

BLANK PANEL

BLANK PANEL

SWITCH & FUSE
PANEL

SWITCH & FUSE
PANEL

Fic. 1-14, This shows the necessary rack equipment for plan C with several desirable
optional items: AM-FM tuner, line equalizer, VU nmteter panel, and sound-effects filter,

As used in plan C system this consolette is made to serve on command as a master
control; a “combo,” or aperator-announcer’s control board; and a program on one
channel while running an audition or recording on the other. Figures 1-14 and 1-15
show that the rack lavout tor Plan C is as given in Table 1-3.

At the beginning of this part it was stated that the plans did not necessarilly repre-
sent any existing stations but that they illustrated several ways in which the equip-
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ment could be arranged and that the plans or combinations of them would satisfy
a majority of cases. As plan C is examined, it becomes evident that some of these
features would readily adapt themselves to Plan B. With the cross-application pos-
sibilities of these plans, practically all programming requircrents can be met,

Table 1-3. Plan C Equipment List ?

Quantity Main control room Quantity Stidio and announce booth
1 Dual-channel  audio  consolette 1 Pressure microphone
with  tubes and additional 2 Ribbon microphones
speaker light relay I Floor stand
1 Dual headphone 1 Microphone boom stand
1 Microphoue 2 Uniaxial microphones
1 Microphone mounting 4 Desk stands
1 Microphone plug 8 Microphone receptacles
1 Mierophone receptacle 8 Microphone plugs
2 “On-air” lights 3 “On-anr” lights
9 Three-speed turntables 2 Studio monitor speakers
2 Trauscription tone arms 2 Monitor-speaker housings
2 Pickup heads 2 Speaker matching transtormers
2 Transcription equalizers or Alters 1 16-in. clock
2 Tape recorders, remote control, 300 ft  Intercomnecting cable No. 22
rack mounting AWG shielded pair, with cot-
2 Cabinet racks ton-braided outer cover
2 40-db 600-ohm fixed pads
2 AGC program amplifiers with
tubes Record library
2 Monitor amplifiers with tubes 2 Automatic turntables with remote
2 Mounting shelves control
2 Monitor speakers I Turntable
2 Monitor-speaker housings 1 Trauscription tone arm
2 Speaker-matching transtormers 3 Pickup heads
1 16-in. sessions clock 3 Transeription equalizers and filters
4 Double-jack panels 2 Utility amplifiers
2 Double-jack panel mats 1 Monitor amplifier for audition
8 Audio pateh cords, 2 ft im length 1 Plug-in transformer
1 AM-FM tuner 1 Selector switch For input of ampli-
2 Line cqualizers fier
1 VU-meter panel 1 Monitor speaker for andition
1 Sound-efects filter 1 Monitor-speaker housing
2 Terminal hoard mounting brackets 150 ft  Interconnecting cable No, 22
2 Terminal power strips AWG shielded pair, with cot-
2 Terminal audio blocks ton-braided outer cover
2 Switch and fuse panels
4 10%¥2-in. blank panels
1 1 in. blank panel Multipurpose room equipped as
4 1. blank panels studio
2 1. blank panels 1 Pressure microphone
2 31%4u-in. blank panels 1 Microphone mounting
200 ft  Interconnecting cable No. 22 2 Microphone plugs
AWG shiclded pair with cot- 2 Microphone receptacles
ton-braided outer cover 2 “On-air” lights
4060 ft  Intereonnecting cable for audio 1 Monitar speaker
rack wiring No. 20 shielded 1 Monitor speaker housing
pair, solid condnetor 1 Speaker matehing transformer
200 ft  Interconnecting cahle for a-c and 1 16-in. clock
filament  circuits No. 18 50 ft  Interconnecting cable No, 22
shielded pair, stranded con- AWG, shielded pair, with cot-
duetor ton-braided outer cover

¢ Transmitter and antenna ecquipment are not listed here, since they are specified in ac-
cordance with pawer and pattern.
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Multipurpose room equipped as a Multipurpose room equipped as a
Quantity subeontrol room Quantity subcontrol room (Continued)
1 Single-channel audio  consolette il Input transformer for tape re-
with tubes corder

1 Dual headphone 1 Qutput transformer for tape re-
2 Three-speed turntables corder
2 Transeription tone arms 100 ft  Interconnecting cable No, 22
2 Pickup heads AWG, shielded pair, with cot-
2 Transcription equalizers and filters ton-braided outer cover
1 Tape recorder

HOW TO DESIGN THE COMBINATION CONTROL ROOM-ANNOUNCE
BOOTH TO GIVE GOOD ACOUSTICAL PERFORMANCE !

Many present-day radio control rooms are not only used for this purpose but also
act as announce booths where most of a station’s announcing is carried on. In many
cases the control room may be the only studio area in a station, and it will contain all
the audio equipment of the station. Frequently, a transmitter and a record library
will also be located in the control room. This makes the problem ot acoustics more
complex, but since radio sells with sound, good acoustics are a must when the best
sound possible is desired.

Design Factors

Combination control rooms are at hest a compromise of the several design factors.
In the design of this control room, consideration must be given to the following:
. Location of the control room within the studio building
. Isolation—elimination of unwanted sound and naise, both internal and external
. Construction—dual wall, floating wall, single wall
. Reverberation control, elimination of unwanted reflections, and floor treatment
. Ventilation and air conditioning
Size and arrangement of ecquipment

O Ui 0O LD

Location

The combination control room must be located so that it is convenient to the office
areas, but traffic in and out of the room should be minimized in order to reduce dis-
tractions to the announcer. The location selected must have as little external acous-
tical and electrical noise as possible.  The control room should be located away from
street noise or noise that may be generated i other parts of the building, because it
may become difficult and costly to reduce unwanted noise that enters through the
floor and walls.  Air-conditioning compressors and other rotating machinery should
be well isolated and kept as far away from the control yoom as possible.

It is not wise to locate a control room next to a power-transformer vault or other
large electrical equipment that may produce strong electrical fields, These strong
electrical flields may cause noisc problems in audio equipment. If the control room
contains the transmitter, great care should be given to the grounding of all andia
equipment, inclading equipment racks, consolettes, turntables, pickup arms, and
other metal objects. In some cases, it may be desirable to shield the control room
with copper screen to reduce noise generated from high-pawer RF ficlds of the nearby
transmitters and antennas.

1 RCA Broadeast Neres, vol. 100, April, 1958,
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Isolation

Ideally, a control room should be a sound-isolated room within a reom. Cost con-
siderations in a small station may make such construction impractical, but it should
be considered when possible.  The Hoors and walls should be built from materials
that will minimize the transfer of sound into the conlrol room., Many new stations
use conerete block walls and concrete slab floors that are isolated from the building
walls with asphalt-impregnated glass fiberboard.  This tvpe of floor construction is
very practical, since it reduces outside vibration in the control room floor.2 A stable
floor will improve tumtable operation by reducing vibration that enters the pickup
system from external sources.

Construction

The ideal control-room wall would consist of either a dual masonry wall or a
masonry wall with a sound-isolated Hoating inner wall.®  In the smaller stations, cost
considerations usually preclude this tvpe of construction. A single wall of masonry,
cement, gypsum, or pumice block is & good compromise, which is completely satis-
factory where external noise is reasonably low.

Wood-wall construction should not he used unless double walls are used. Stag-
gered 2- by 4-in. studs can be set on
16-in. centers on a 2- by 6-in. plate for
the dauble-wall construction {see Fig.
1-16). Rock-wool bats can be interlaced

Dﬁ Eﬂfi—2x4 STUDS
hetween the studs for additional sound LATHM_ STAGGERED 16

% PLASTER

A

isolation. There should be at lcast 2 in. OC.ON 27X &
olatic t= PLATE

of rock wool or other sound-ubsorbing

material above the ceiling surface, and if  Fie. I-16. A cross section of a sound-insu-

external noise is of large magnitude, the lating partition.  Wooden walls should be

constructed in this manner to reduce external

noise.

ceiling should be sound isolated.

If care has been given to the location of
the control room in a given building, the
offices and other quiet arcas surraunding the control room may screen it from un-
wanted sound.  Control-room doors should be the heavy soundproof tvpe (see Fig.
1-17), or double doeors should be used. Observation windows should be kept to a
minimumn.  Fach such window should consist of two panes of heavy plate glass of
different thicknesses to break up resonance conditions. The glass plates should be
set in rubber or felt gaskets, and usually the glass plates are set about 10° off vertical
(see Fig. 1-18).

Reverberation Control

Some form ol reverberation control should be employved within the studio. If a
studio has too long a reverberation period, the sound vy blur and speech may lack
intelligibility. Such sound characteristics are not pleasing to the listencr. Generlly
a studio should have an approximate reverberation time of 0.4 sec for a volume of
1,000 cu tt rising to 0.6 sec for 10,000 cu ft ' {see Fig. 1-20). The reverberation
time should be about the same from 100 to 5,000 cvcles, but it may rise slightly at
5,000 cycles {see Fig. 1-19). This type of studio characteristic helps climinate low-
frequency boominess.”  An acoustical consultant should design the studio and supply
the proper materials.

2 Impact Noise Isolation in Television Studios, Broadcast News, vol. 97, October, 1957,

# Michael Rettinger, “Applicd Architectural Acoustics,” Chemieal Publishing Company,
Inc., New York.

4+ NBC Studio Design, J. Acoust. Soc. Am., vol. 8, p. 31, 1936.

5 Edward J. Content and Lonsdale Green, Jr., Acoustical Design and Treatment for Speech
Broadeast Studios, Proc. IRE, vol. 32, no. 2, February, 1944,
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Consideration should be given to all wall and equipment surfaces in the control
room in order to eliminate unwanted reflections. Perforated hardboard or Transite
can be used for wall coverings with rock or glass wool placed hehind it for sound ab-
sorption (see Fig. 1-21). Hardboard may be painted, and it is easily maintained
with occasional washing. The hardboard can be used for wall pancls set at various
small angles of 5 to 10° to produce greater diffusion of sound.

FELT OR
., RUBBER
! STRIP
J / ,-DO0R
- METAL BACKED |\
7] 1 FELT STRIP
MASONRY
METHOD OF SEALING DOOR CRACK
AGAINST SOUND LEAKAGE
Frc. 1-17. Normal methods for sealing the
control-toom door.  The door itself should - PLASTER

Dbe of a heavy type to improve isolation of
the control room.

Fig. 1-18.  Sound-insulating window
construetion showing structural separa-
tion of double wall. Glass windows in
studios and control rooms should be
offset about 107, and theyv should be

—‘RELA‘TIONéH\P éETWEEN E mounted as shown on a doulble wall.

— REVERBERATION
TIME AND FREQUENCY

B | |1

D os | =,

~ — o

F e S T =2 ERERE R
12 ~ : ra . | (1
1o S~ A @ 08
G | T 1 i 04 = I :
64 128 256 52 102420984096 892 = Ol_11 i i

FREQUENCY IN CYCLES PER 1000 40,000 100000 1000000
SECOND STUDIO VOLUME, CUBIC FEET

Frc. 1-19. Morris-Nixon curves showing the  Fic. 1-20. Variations in reverberation time
relationship between reverberation time and  as the size of the room increases with a 512-

frequency, Reverberation time should re-  cvele reference signal,
main fairly constant between 100 and 5,000
cycles.

All glass surfaces should be set on an angle to reflect sound into the sound-absorb-
ing surfaces of the ceiling.  Glass surfaces should be kept to a minimum, and large
corner arcas of glass should be avoided. The floor covering should be of a soft ma-
terial, such as cork or vinyl tile, to reduce surface noise. A rug may be necessary to
prodince the required deadening in control rooms having many glass surfaces and
other reflecting aveas. The surface of the operating table should be made of a soft
material such as linoleum or vinyl. This will reduce table-top noise.
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Microphone Requirements

A good microphone with proper directional characteristics is important in the con-
trol room. A 77-DX microphone operated in a unidirectional pattern has excellent
properties (sec Fig. 1-22). The BE-3A microphone is also an excellent microphone
for the control room. The distance between the speaker and the microphone will be
determined by the acoustics of the control room; however, good microphone technique
is important for all personnel if natural reproduction is desired.

Ventilation

To do a good selling job, an announcer must sound alive. It is important to pro-
vide air conditioning and ventilation so that announcers have a good environment in
which to work. A central wir-conditioning system is recommended. The air is
bronght in through ducts fromn the eoolers.  The air ducts should be lined with a
sound-absorbing material for a distance at least twenty times the average width of
the duct. A separate duct should be run to each studio and to cach controt room to
avoid sound transfer through the ducts. Low-velocity wir should be used to prevent
air noise from the duct openings.

If the control room contains a transmitter, it is usually possible to exhaust hot
transmitter air to the outside and to cool the transmitter with spent room air. If
this is not possible, the transmitter should be partitioned oft from the control room,
and a separate source of air shauld be used to cool the transmitter. The transmitter
can be remotely controlled if it is in another room some distance from the control
operation.  Such a procedure will suve many dollars in construction costs and also
eliminate a source of noise in the control room.

Equipment Arrangement

The equipment selected will, to a large estent, determine the physical aspects of
the control room. The control room should be lurge enough to contain all required
personnel and equipment. At the same time thought should be given to possible
future expansion, and extra space should be provided with this in mind. A control
room that is a little Jarger than necessay at the outset makes it easily expanded
later, Furthermore, it is always mare diflicult to treal a small room acoustically
than a large room.

Planning It Right

A good architect should he consulted when planning a studio-coutrol rovmn.  After
a general station plan is formulated and equipment selected, the architect and the
consulting engineer should work out the specific construction details for the station,
Careful acoustical plamming combined with good equipment will enhance the sound
of any station and make its sound sell more.

ROOM ACOUSTIC DESIGN

Foreword

The third edition of the “NAB Engineering Handbook™ contained a reprint of a
paper presented by Mr. John E. Volkium before the Acoustical Society of America
in New York, entitled “Polyevlindrical Diffusers in Room Acoustieal Design.”  Mr.
Volkmann prepared another paper entitled “Acoustic Recommenclations for Simall
Combined Studio, Scoring Stage and Review Room” which although it was prepared
originally for motion-picture studios provides data of interest in the construction of
television studios.
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The NAB Department of Engineering, with the permission of Mr. Volkmann and
RCA, has combined the two papers to provide informational data useful in the design
of studios used for AM and FM broadeasting as well us for television hroadcasting
and recording.

Basic Requirements and Definitions

Although Jarge-scale vecording and projection operations usually rvequire separate
rooms for optimum acoustic results, cconomic considerations frequently necessitate
the combining of these facilities into one studio and the primary purposce of these
recommendations is to provide the Dbasic information necessary to accomplish this
objective. The proper plaiming and acoustic design of a studio before construction
have reccived ever-growing attention by architect and engineer and have eliminated
much of the necessity for the curative treatment of acoustic defects.

Good Acoustics

The requirements for good acoustics have been stated by Wallace Clement Sabine,
pioneer in architectural acoustics, in his book referenced in the bibliography. The
criterion most frequently used for judging the acoustic excellence of a room is its
optimum  reverberation time. Other factors and acoustic phenomena with which
the scientist or acoustical engincer is concerned in determining the acoustical per-
formance of a room include the following: ccho, resonauce, interterence pattern,
sound absorption, reflection, transmission, diffuse sound, rate of decay, intensity
distribution, sound level, and noise level.®

Expericnce in rooms with wood paneling and sound-diffusing surfaces mdicates
that the manner in which the reverberant and other aftersounds in a room are dis-
tributed has possibly as much to do with the acoustical excellence of a room as the
actual time of decay in the room, and from time to time we have heard discussions
on the diffusion of sound in rooms not only in regard to fulfilling the assumptions in
the Sabine reverberation formula but in regard ta its subjective effect,

Physical Design Factors

The major physical factors with which the architect is concerned in the acoustical
design of a stucdio are as follows:

1. Choice of site

2. Size of studio

3. Shape and proportions of studio

4. Selection and placement of alsorbing materials

5. Sound and vibration isulation

The broadcasting and recording engineers are also interested in the placement of
microphiones and loudspeakers and i variable reverberation control,

General Considerations
Since most room aconstic difficulties occur due to reverberation and other reflection

phenomena, a brief discussion of these general fuctors and their control is considered
important to a proper understanding of aconstical design.

Reverberation

The action of sound when confined in an enclosure is much more complex than its
action in free air. In free air only the direct sound trom the source can be heard.
In a room, however, the sound one hears is composed of both the direct and the re-
flected waves, The sound wave generated in the room proceeds or expands spheri-

& See Appendix A for definitions of acoustic terms.
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cally from its source until it meets the boundary surfaces, where it suffers partial
reflection, absorption, and transmission. The reflected wave from each surface con-
tinues its travel inside the room only to suffer again partial reflection, absorption, and
transmission each time it strikes a houndary surface. This process 1s repeated until
the sound energy is completely dissipated. In an ordinary room with plaster walls
and ceiling, an ordinary sound may undergo from 200 to 300 such reflections before
its energy is completely dissipated by absorption or transmission. If we recall that
sound travels 1,120 fps, it is readily seen that the duration of this prolonged after-
sound, called the reverberation time of the room, may be several seconds for a large
room where the mean free path is long. The effect of excessive reverberation is to
blur speech and music owing to the overlapping of successive sounds,

The reverberation time ot a room, which is the time required for a sound of given
initial intensity to die away to the threshold of minimum audibility, depends directly
on the intensity level of sound and the size of the room and depends inversely on the
absorption in the room. The standard reverberation time of a room is the time
obtained when using an initial intensity of 1,000,000 times the intensity at minimum
audibility. Increasing the size of a room increases the reverberation period owing
to the fewer number of reflections which occur in it during a unit interval of time.

Optimum Size of Studio

Tust as tradition and experience have taught that an optimun reverberation time
exists [ot cach size of room, so we have learned that an optimum size of studio
exists for cach type and size of orchestra. The data in Table 1-4 are based on com-

Table 1-4, Size of Orchestra vs. Room Size

Volume of room, Auditorium Broadcast
cu ft preactice Optimum practice
10,000 - 6 12
20,000 6 9 25
50,000 9 a1 50
100,000 19 38 130
200,000 31 70 250

mercial practices and subjective listening tests. The columm labeled “auditorium
practice” shows the minimum number of orchestral instruments recommended for
anditoriums, while the columm laheled “broadeast practice” gives the maximum num-
ber of instruments sometimes crowded into broadcast studios, The recommended
practice for recording and scoring studios is shown in the column labeled “optimum.”
Experience in Hollywood indicates that a volume of 50,000 cu ft constitutes about the
minimum requirements for scoring studios. Another acoustical factor which, in the
case of sound-picture projection, is related to the size of room is the acoustical power
required far proper sound reproduction. Most sound motion-picture reproducing
equipment 1s more than adequate for the ordinary-size review room; however, in
those cases where the picture is reviewed in a theater, the reproducing equipment
should meet the “Minimum Power Requirements for Theatres” established by the
Aeademy Research Council.

From the standpoint of reverberation time, minimum power requirements, air-
conditioning-system requirements, ctc., the theater which is used for reviewing pur-
poses should be made a minimum in size compatible with its seating capacity and
architectural treatment. Small review rooms and scoring rooms on the other hand
should be made as large as possible to most nearly approximate auditorinm and hall
conditions. For normal theater sizes the Academy of Moton Picture Arts and Sci-
ences recommends 125 cu ft per seat. For small rooms, say with a seating capacity
of only 20, this figure can be increased to as much as 500 cu ft per seat.
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Room Resonances—Effect of Parallel Reflecting Surfaces

When sound is gencrated between two parallel reflecting surfaces, “standing
waves” are set up at certain frequencies depending on the distance belween the sur-
faces. The lowest frequency al which the standing-wave resonance will he set up s
that frequency for which its wavelength equals twice the distance.  The parallel sur-
faces will likewise cause resonance lor harmonic frequencies.  Thus, for a flat re-
flective ceiling whose height is 11.2 ft above Hoor level, resonance may oceur at 30,
100, 150 cyeles, cte. {frequency equals 1,120 divided by wavelength, that s, by
twice the ceiling height).

The effect of These resonances is twofold: First, it introduces frequency discrimi-
nation in the form of peaks and dips in the response characteristic, and sccond, it
introduces a persistence, or hanging-on effect, in the sound for frequencies at or
near resonance, This frequency discrimination and persistence gives a hollow-sound-
ing characteristic, especially if the resonance [requencics are widely separated (sur-
faces close together), which is generally the case in small rooms.

The effects of standing-wave resonances can be minimized or controlled by any
or all of three methods: (1) by absorplion treatment, {2) by changing the position
or spacing of the surfaces, and (3) by changing the shape of the reflecting surfaces.
In general, the first method is not satisfactory in small studios, since the absorption
required for damping the resonances iy too great from the viewpoint of optimum
reverberation and hence causes the room to sound “dead” and, if the absorption
material is selective, may cause it to sound “bassy.” The other two methods will be
discussed under separate paragraphs later.

Structural Resonance

The phenomenon of resonance, or the ability to vibrate most easily at cerluin fre-
quencies, may nceur in structures as well as in the air in rooms,  Structural resonance
usually is not harmful unless the resonant body is closely coupled mechanically to
the source of sound. As discussed liater, structural resonance is sometimes a virtue;
for example, the resonance of wood pancling in an auditorium is often a factor which
improves its acoustic excellence, especially for music.  In this case, however, the
fundamental and harmonic resonances do not occur at any one frequency bnt rather
over many different frequencies owing Lo variations in size and construction of the
individual wood puanels.

Shape of Studio—Preferred Proportions

To minimize the frequency-discrimination cffect caused In the standing-wave
systems set up between parallel smrfaces in a room, it is desitable to choose major
dimensions which are not integral to one another. By proportioning the three major
dimensions of a room in the ratio of the cube root of 2 (or in ratio of multiples of
the cube root of 2), a good distribution of the natural resonance frequencies is ob-
tained.  For small rooms the preferred ratio of height to width to length is 1 to 1.25
to 1.6 as shown in Fig. 1-23. For the studio of average size and shape the preferred
dimensions shiould be in the ratio of 1 to 1.6 to 2.5, In all cases the dimensions
shown are derived trom the ratio of the 3/2.  Stating it another way the major
dimensions should be separated 1/3 octave with respect to one another, or other
ratins derived from this fundamental ratio hy shifting any ar all of the dinensions
by one or more integral octaves can he nsed.  Other preferred proportions for less
common shaped rooms are also shown in Fig. 1-23.

We next deal with the shape and treatment of individual surfaces,

Shape of Reflecting Surfaces—Sound Diffusion

A pleasing reverberation characteristic depends not only on the proper reverhera-
tion lime hat on a uniform rate of decuy of sound, This requires a diffuse distribu-
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tion of the aftersound in a room and can be obtained by shaping and paneling the
walls, ceiling, and other surfaces so as to disperse their reflections in all directions.
Many rooms and halls known for their acoustic excellence have such wood paneling
and sound-diffusing surfaces. For example, in the Philadelphin Academy of Music,
which has several tiers of boxes and wood paneling throughout the auditorium, the
dimensions of the projecting surfaces, being comparable to the wavelength of sound,
tend to disperse the reflections and give a more difftuse distribution of sound. An
important point regarding sound diffusion is that it does not lessen the total energy
in the room but merely tends to increase the number of reilections which occur per
unit time and hence lessens the intensity level of the individual reflections. Because

PREFERRED ROOM DIMENSIONS
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Fis. 1-23, Preferred studio dimensions.

the difference in intensity level between reflections is less, the decay of sound in the
room tends to be smoother and more uniform and hence more pleasing to a listener.
This factor is also of practical importance iu making the placement of microphones
less critical.

A second factor of importance in these famwous music rooms is that the wood
paucling also helps to give a diffuse distribution of soumd by virtue of the faet that
the energy incident on its surface which is not absorbhed is reradiated.

This reradiated energy does not follow the regular law of equal angle of incidence
and reffection but, owing to panel vibration, acts more like a loudspeaker diaphragm
and, therefore, for most frequencies either disperses the incident energy over u wide
angle or changes its direction. A third important factor in these rooms is that the
tadintion from the wood pancling oceurs farther owing to direct mechanical or
“telephonic” transmission from the original sound saurces on the stage through the
wood Hooring and panel-mounting structure,  Since the wood panels ave more or
Jess of different sizes and shapes, the panel resonance frequencies are not sclective,
Two other interesting facts to note here are that panel vadiators have a decay time
of their own and that the transiission time in wood is much shorter than in air.

This “diffluse” distribution of energy coming from muany random directions and
from a great number of small sources of sound in the voom has, in addition to giving
1 more uniform distribwtion and decay of sound, the tmportant psychological eflect
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created by enveloping the listener with sound, which gives a certain feeling of body
or depth to the sound. This “feeling” effect of sound is further enhanced by the
transmission of sound through the wood floor to the seats and from other structures
in the room.

Sound-absorption Characteristics

The sound-absorbing materials used for the control of reverberation and delayed
reflectious should have adequate efliciency at the low frequencies to give the optimum
reverberation characteristie for the specified room size (see Fig. 1-23),

The optimum sound-absorption units vs. frequency corresponding to the optimum
reverberation times for various room volumes is shown in Fig, 1-24.

Convex Wood Panels

Figure 1-25 shows a twvpical curved wood panel consisting of 4- by 8-ft plywood
formed over curved segment braces and fitted at the edges with 2- by 3-in strips
which have been routed and held together with 1- by 3-in. back braces. The seg-
ment braces, which must be spaced at random, have strips of 32-in. Celotex or other
soft fiberboard placed between them and the paneling to prevent rattles. Tt is felt
that convex cylindrical wood paneling is particularly suited to meet the aforemen-
tioned requircments of a good sound diffuser because it disperses sound energy not
only by reflection from its curved surface but by radiation due to its resonance action
or panel vibration which, as already mentioned, is set up either by direct transmission
froin the original source of sound or by partial absorption and reradiation of the
aerial sounds impinging on its surface.

Dispersion by reflection depends on the size and cnrvature of the panels and their
relation to the wavelength. Dispersion characteristics for a curved and flat panel
plotted on polar cvordinates are shown in Fig, 1-26. This shows clearly the diffusing

action of convex curved surfaces and was
30 20 10 0 10 20 30 obtained by rotating the panel about its
0s |/ long axis while keeping the source and

\ +4 40 directional pickup constant.
It should be noted here that the ap-
0 - parent source for convex reflectors is
50 -4y 50 always behind the surface. The value of
€0 CURVED 14 FLAT such surfaces n reducing the interference
; effect of fivst reflections as compared with
70 -12 70  fat swefaces is shown in Fig. 1-27. Note
i1 that the aiding effect at some frequencies
ilily, and the cancellation at othevs is less for
the convex panel. The relative intensity
Fig. 1-26. Polar distributious from convex levels of the direct and reflected waves
and flat panels. used in obtaining the interference curves
are shown in Fig. 1-28. The reduction in
interference effect is significant when we remember that the total energy content of
the reflected wave from either surface remains the same. As mentioned earlier, the
reduction of the interference effect of first reflection is important in studio microphone
pickup i allowing greater freedom of placement. For remote surfaces in large rooms
a similar diffuse reflection can be ohtained by means of concave reflectors providing
the focus point or the apparent source of sound, which in this case is in front of the

reflector, is not within or near the seating area or any other critical area.

Dispersion of sound by means of panel resonance depends on the modes of vibra-
tion set up. For areas of motion small compared with the wavelength radiated, the
distribution will tend to be nondirectional. Faor vibrations normal to the snrfacc,
a convex cylindrieal panel would tend to set up a cylindrical wavefront as compared
with the planc wavefront in the case of flat panels. The resonance frequencies and
response of a panel depend on a great number of factors such as the damping co-

40
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efficient of the material, thickness, spacing of braces, method of mounting of the
entire panel, etc, It is interesting to note that because of the added stiffness intro-
duced by bending, a smaller panel thickness can be employed for curved panels for
the same frequency. The decay time, or “resonance time,” of a typical panel ex-
cited at one of its modes of vibraton is shown in Fig. 1-29. In addition to the
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Fic. 1-29. Growth and decay curve of vibrating convex panel.

dispersion and radiation action, the vibration of the wood paneling aids the absorp-
tion efficiency over more rigid materials. Preliminary data indicate a coefficient of
approximately 0.18 over a considerable band of frequencies.

This absorption characteristic in conjunction with its dispersing action makes con-
vex wood paneling ideal for small studios.

Objectionable Shapes—Interference Phenomena

Flat, untreated surfaces, it very extended in area or if close to the recording micro-
phone, may give rise to objectionable interferences due to the phase difference be-
tween the direct and reflected sounds. The “loud” and “dead’ spots caused at
various frequencies when the direct and reflected waves are comparable in intensity
level can become very pronocunced and, owiug to frequency discriminatiou, give a
hollow-sounding effect. In view of this effect it is desirable that all Hat surfaces in
the studio have some absorption or clse be shaped to disperse the reflection.

Concavely curved surfaces, even though treated with absorbing material, should
be avoided. Because of their focusing effect, such surfaces accentuate the interfer-
ence problems already discussed.

In larger rooms, reflections from concave surfaces and from large untreated Hat

areas give further trouble duc to the echo
{2 ] or time-delay effect and thercfore shonld

10 ] ' i { 1 definitely be avoided.
£08 =
§8§ / I~ Studio with Polycylindrical Wood
02 RN Panels
0 100 1000 10’600 In addition to the cylindrical wood
CPS diffusers already mentioned, such studios

have several other features of interest in
Fre, 1-30. Reverberation time of listening ;55 acoustic design.
studio. In order to obtain maximum diffusion
in three orthogonal planes, axes of the
polycylindrical surfaces are placed mutually perpendicular to each other. Three dif-
ferent-sized panels and curvatures are used further to obtain asymmetry in the pattern
of diffused sound. The high degree of diffusion obtained in this type of room is
evidenced in the smoothness of decay curves. The reverberation curve for one such
studio is shown in Fig. 1-30, which conforms reasonably well with published optimmal
times.
Another feature of the reference studio is the choice of the mujor dimensions (12.5
by 20 by 32 ft) which progress in two-third octave steps in order to avoid the
“piling up” of roon resonances. This is especially important as already pointed out
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for small rooms where the frequency gap between findamental and harmonic reson-
ances is oftentimes great and unless guarded against may lead to a room response
with wide hollows in the audible range. In the present cuse this consideration was
important because the use of large convex diffusers effective in the range below
approximately 300 ¢ps was nat considered practical.  In large rooms comsideration
shonld be given to the use of low-frequency diffusers as well as for the mid-range
and high trequencies.

Orchestra Shell

Occasionally regular sound stages {usually treated over the entire wall area with
4-in. rock wool and over the entire ceiling area with 2-ft rock wool to eliminate all
reflections) are employed for inusical recordings, in which case it is necessarv to
“liven” the stage.

In an application of polvevlindrical design to an orchestra shell the multiplicity
of dispersing snrfaces and resonant panels not only minimizes the microphone place-
ment problem but gives a more pleasing reinforcement of sound to the conductor and
musicians. The platformis can be used for elevating and reinforcing the bass instru-
ments in the orchestra.

Exclusion of Noise

A review room with good acoustics has its walls insulated against the transmission
of outside noises into the studio. The transmission of sound is of two kinds: (1)
aerial and (2} structural.  Small openings due to doors, windows, portholes, ete.,
transmit sound to a great degree. Thus, all the joints between walls, doors, windows,
etc., should he made as airtight as possible.

Likewise, transmission of sound througl structures, such as the noise from vibrating
motors and machinery, should be minimized by using massive walls and floors and
by separating all vibrating bodies from their supporting structures by sound-insulating
materials such as cork, lead, or rubber.

Massive walls are not always nccessary to obtain suflicient sound insulation. A
double wall of fairly light construction will give good sound insulation provided the
two walls are nat closely coupled mechanically by nails or cross members, that is,
provided the walls arce kept isolated or separated from each other,

Projection Booth

Treating of ceilings and walls inside the projection booth lowers the noise level,
permitting more accurate control of volume and guality.

Treating ceilings and walls by lowering the noise level reduces the sound trans-
mitted into the studio. Insulation of machines from the floor by heavy blocks
mounted on cork or Keldur is often necessary to reduce transmitted sound.

Double or triple optical glass in ports is generally used to reduce the sound con-
ducted by the air through these ports.

The projection booth walls cither should be verv heavy (12-in. brick walls) or
should be constructed with double walls which are isolated from each other so as
not to conduct sound by supporting them on some such material as felt and avoiding
any construction which will tie the walls rigidly together.

Figurc 1-31 shows a cross section of a typical projection-booth window of the
sound-retarding type in accordance with prineiples outlined by National Broadcasting
Company engineers and others. Figure 1-32 shows a cross section of a typical sound-
retarding door such as the Riverbank door used by broadcasting stations and other
sound studios. Figure 1-33 illustrates eonstruction of a typical sound-insulating wall
in accordance with principles stated by Bagenal and Wood in their book “Planning
for Good Acoustics.”
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Acoustic Design of a Typical Small Combination Studio

The following specification covers, in accordance with the principles already out-
lined, recommendations on the acoustic treatment of a typical small combination
studlio.

Purpose of Studio

The general purpose of this studio is to provide the following recording functions:

1. Straight recording {voice or music)

2. Pre- or postscoring of small orchestras

3. Rerccording

4. Reviewing and projection

5. Monitoring and control

A plan view showing the gencral arrangement of rooms and equipment to serve
these functions is given in Fig. 1-34.
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Fic. 1-34. Proposed arrangement of a small studio,

Size and Proportions of Studio

The studio proper shall have a minimum volume of 16,00¢ cu [t and shall have its
average height, width, and length proporlioned in the vatio of 1 to 1.6 to 2.5, namely,

Height, 16 ft

Width, 25 ft

Length, 40 ft

A deviation in average dimension not grealer than plis or minus five per cent is per-
missible (see Fig. 1-23).

It should be noted that this studio constitutes the very minimum requirements coni-
mercially acceptable with regard to size and will produce optimun results for or-
chestras of 10 pieces or less. When larger size orchestras are contemplated, the
minimum reqairements of 50,000 to 65,000 cu ft (25 by 40 by 65 ft) as practiced in
1ollywood should be adhered to.
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Shape of Studio

The general shape of the studio shall be such that all reflecting surfaces in the
room shall be convexly curved to disperse the sound in random directions. The
proposed design with polycylindrical surfaces shown in Fig. 1-35 is recommended for
this purposc.

Walls

All walls shall be treated with convex wood punels, general specifications for which
are given in Fig. 1-25. The panels on the rear wall should be disposed horizontally,
while the front and side-wall panels should be vertical as indicated in Fig. 1-35. All

SPEAKER
GRILLE

SPEAKER
GRILLE

Fic. 1-35. Proposed design of a small film-recording studio and review room.

walls shall be insulated as specified later. Double-wall construction is particularly
important between the projection booth and studio, A blanket of 1-in rock wool
or other sound-absorbing material should line the entire back of the wood paneling.

Ceiling
The entire ceiling shall be treated with convex wood panels which are disposed
lengthwise to the room as shown in Fig. 1-35. The attic side of the ceiling should

receive a granulated fill of roek wool or similar acoustical material to “load” the
ceiling and to afford partial sound insulation against external noises.

Floor

The entire Hoor area (except in orchestra or band-shell area) should be covered
with a good grade of reinforced carpeting with padding underneath,  All seats should
be of the heavily upholstered type,
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Loudspeaker Chamber and Screen

The loudspeaker preferably should be mounted Hush with the screen wall, and all
openings between them caulked to give a sealtight chamber. The ceiling and back
side of the screen wall forming the loudspeaker chamber should e lined with 4 in. of
rock wool.

Sound-absorption Treatment

No additional absorption is required for reviewing and scoring purposes to that
provided inherently by the wood paneling and Hloor treatinent. For dialogue record-
ing it is desirable to furnish adjustable draperies on any nearby wall in the micro-
phone arca.

Exclusion of Externgl Noise and Building Vibration

A noise survey of the proposed studio site should be made by a gualified acoustical
engineer before plans are drawn. From the viewpoint of excluding outside noises
and building vibrations it is essential that during erection all joints and openings
between panels, etc., shall be fully caulked to give a continuous and sealtight en-
closure and furthermore that the entire wall structure shall be floated on cork, rub-
ber, or other suitable material in order to isolate the walls completely from the main
building structure. This precaution is extremely important, since a single mechanical
bridge or solid connection between the inner and outer shells caused by nails, pipes,
duets, ete., can almost completely nullify the sound insulation by setting the inner
structure into vibration, Any bracing between inner and outer walls which may be
necessary for structural reasons should receive individual isolation treatment to break
the continuous mechanical connection. The various methods employed in building
practice and patented methods for vibration isolation are too numerous to treat in
these specifications. The wnderlying principle for preventing transmission through
solids is to avoid a continuous medium (reinforced concrete, brick, etc.) or solid con-
nection (wood, metal, etc.) by interposing a resilient or less dense material {cork,
rubber, felt, air, etc.) in the link between the source of vibration and the reception
point. In general the greater the number of such discontinuities { dense to less dense
medium and vice versa), the greater the isolation effect. The ceiling and floor struc-
ture should receive similar caulking and vibration-isolation treatment.

Exclusion of Air-borne Noises—Ventilation Ducts

In addition to caulking all openings around pipes, ducts, ete., entering the studio
with a mastic felt or other soft material, it is essential to line all ventilator ducts on
the inside with an efficient sound-absorbing material and on the outside with a sound
deadener for a sufficient distance from the point where they enter the studio so that
the ambient noise level in the studio is not greater than 30 db above the standard
reference level of 10 -16 acoustic watt per square centimeter, using a noise-level
meter set on the 30-db loudness contour chavacteristic.  In general this represents a
distance equal to at least ten times the duct diameter. Extra precaution should be
taken at the point where the duct enters the studio that cutside noise does not leak
through owing to the canvas or other isolation coupling.

Recording and Projection Booth

The size of the projection and recording equipment booth shonld be 20 by 16 ft
with a 12-ft ceiling height as indicated in the fioor plan in Fig. 1-34. The booth
foor should be elevated 4 ft above the studic floor level and should be properly in-
sulated according to the principles already outlined, (Either the entire hooth floor
or the areas under all vibrating equipment or both should be isolated from direct con-
nections to the main building structure with 1-in. felted asphalt mastic. }
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The ceiling and exposed wall areas above wainscot level should be treated with a
fireproot sound absorbent.

Vestibule

Entrance to the studio should be made only through double sound-insulating doors
or a sound lock. Detuails of a typical sound-insulating door are shown in Fig. 1-32.
The vestibule or sound-lock area can be used tor storage or other non-noise-producing
purposes as shown in the proposed studio floor plan.

Summary

Acoustic Treatment Guide

The main design features and considerations essential to good acoustics in small
studios can be summarized as follows:

1. The size of the studio should be commensurate with the nnmber and kind of
musical instruments to be recorded, For a 10-piece orchestra the minimum volume
would be 16,000 cu {t. (For orchestras of other sizes refer to Table 1-4.)

9. The major dimensions of the studio should be proportioned to give a preferred
ratio of average height, width, and length of 1 to 1.6 to 2.5, For a volume of 16,000
cu ft this would represent a studio 16 by 25 by 40 ft.

3. Large parallel surfaces should be avoided.

4, All reflecting surfaces should be shaped, preferably convex, to give a diffuse
distribution of sound and to minimize the effects of standing-wave resonances.

5. 1f polycylindrical surfaces are used, their size and shape should be varied and
their axes disposed to be mutually perpendicular in the three orthogonal planes.

6. The characteristics of convex wood paneling are particularly well suited for
supplying the necessary absorption and diffusing properties for studios. The pauel
bracings should be spaced at random distances to avoid selective resonance. The
panels should be varied in size, and backs lined with rock wool or other absorbing
blanket.

7. The floor should be covered with a good grade of reinforced carpeting with
padding underneath.

8. Seats should be of the upholstered type.

9. Adjustable draperies should be provided on wall surfaces in the microphone
area for speech recordings.

10. Studio walls, ceiling, and floor should possess sufficient sound isolation to pre-
vent the transmission of extraneous noises into the studio,

11. The projection booth should be treated with a fireproof sound absorbent on
ceiling and exposed wall areas above wainscot level.

12. All machinery and vibrating equipiment such as arc generators, vollage regu-
lators, ventilators, etc., should be acoustically isolated from the studio.

13. Air-conditioning equipment should be of the low-velocity type and preferably
operated to give full volume at half speed. All ducts should be provided with acoustic
baffling and lined for a distance of at least 10 diameters from the studio.

The foregoing general recommendations on the acoustic treatment for studios are
offered merely as a guide. The services of a qualified acoustic engineer should be
relied upon for the exact specifications relative to the proper type, amount and loca-
tion of acoustic treatment, shape of studio, and type and amount of sound insulation
required. The trend today is toward close cooperation between architect and engineer
and toward functional styling based on the acoustic design. In the case of new studios,
a noise survey of the proposed site and complete acoustic specifications for the studio
are desirable and worth while.

In illustrations or references to acoustical insulating materials in this book, specific
materials mentioned are listed only as an example of a material suitable for the purpose
described. Any equivalent acoustical material can be used with similar results,
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Appendix A

Definitions in Architectural Acoustics
from ASA Standards Z24.1

Acousmc ApsorpTiviTy (AssoneTioN CoEFFlciint): The acoustic absorptivity of a
surface is equal to 1 minus the refHectivity of that surface.

Acoustie Rerrcorivivy (Rerpecrion Covrricient): The acoustic refectivity of a
surface not a generator is the ratio of the rate of Haw of sound cnergy refected from the
surface, on the side of incidence, to the incident rate of flow,  Unless otherwise specified, all
possible directions of incident Aow are assnmed to be equally probable.  Also, unless other-
wise stated, the values given applv to a portion of an infinite surface, thus eliminating edge
effects.

AcousTic Teansxurrrvrry: The acoustic transmittivity of an interface or septum is the
ratio of the rate of floww of transmitted sound energy to the rate of incident flow. Unless
otherwise specified, all directions of incident How are assumed to be equally probable.

CycLr (~): One complete set ol the recurrent values of a periodic quantity ¢comprises
a cycle.

DiFruse Sounp: Sound is said to be in a perfectly diffuse state when, in the region con-
sidered, the encrgy density, averaged over portions of the rvegion large compared with the
wavelength, is unitorm and when all directions of energy flux at all parts of the region are
equally probable.

EcHo: An echo is a wave which has been reflected ar otherwise returned with sufficient
magnitude and delay to be perceived in some manner as a wave distinet from that directly
transmitted.

Frurrer Ecuo: A flutter ccho is a rapid suceession ol refllected pulses resulting from a
single initial pulse. If the Hutter echo is periedic and if the frequency is in the audible
range, it is called a musical echo.

Freguency (f): The number of cyeles occurring per nnit of time or which would occur
per unit of time if all subsequent cyeles were identical with the evele under consideration is
the frequency. The I[requency is the reciprocal of the period.  The unit is the cyele per
second.

InTENsITY LEver (IL) (Sousp Exency I'nux Dewsory Leven): The intensity level, in
bels, of a sound is the logarithm to the hase 10 ol the ratio of the intensity I of this sound
to the reference intensity I,). Intensity level can also be expressed in decibels.

INTERFERENCE PATTERN: An interference pattern is the resulting space distribution of
pressure, particle velocity, encrgy devsity, or energy flux when sound waves of the same
lrequency are superposed.

Meax Freg Pard: The mean {ree path for sound waves in an enclosure is the average
distance sound travels in the enclosure between successive reflections.,
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MurLTipLE EcHo: A multiple echo is a succession of separately distinguishable echoes from
a single source.

Noise: Noise is any undesired sound.

RaTE oF Decay (or Sounp ENeErcy DensiTY) (§): The rate of decay of sound energy
density is the time rate at which the sound energy density is decreasing at a given point
and at a given time. The practical unit is the decibel per second.

Reveusenation: Reverberation is the persistence of sound due to repeated reflections.

ReverBEnaTion TimEe (T): The reverberation time for a given frequency is the time
required for the average sound energy density, initially in a steady state, to decrease after
the source is stopped to onc-millionth of its initial value. The unit is the second.

Sansin: The sabin is a unit of equivalent absorption and is equal to the equivalent absorp-
tion of one square foot of a surface of unit absorptivity, i.e., of one square foot of surface
which absorbs all incident sound energy.

Sounp: (1) Sound is an alteration in pressure, particle displacement, or particle velocity
propagated in an elastic material or the superpositim of such propagated alterations.
(2) Sound is also the scnsation produced through the ear by the alterations described
above.

Nork: In case of possible confusion, the term sound wave can be used for concept (1)
and the term sound sensation for concept (2).

WavELENGTH (*): The wavelength of a periodic wave in an isotropic medium is the
perpendicular distance between two wavefronts in which the displacements have a phase
difference of one complete cycle.

Appendix B

Sectional Dimensions in Inches for Convex Cylindrical Panels

o 60° 90° 120° 180°
Arc | Width | Depth | Radius | Width | Depth ‘ Radius| Width | Depth | Radins| Radius
(a) (¢) (h) () (c) (@) (r) () ‘ () r) (r)
16 15Y% 2 15Y 1433 3 1044 1314 3% 7o a4
32 3054 414 3054 2834 6 20384 2614 735 | 151 | 103
48 4574 615 4574 4314 9 3114 3914 11ts 2274 1514
64 6ll% 8l 6113 BYEZ 12 4154 5254 151 3014 203%
30 76%% 10Y% 76% 72 15 52 6534 1914 38 2514
96 9154 1211 9134 5634 18 6234 7874 23 4534 3015
112 | 107 1434 | 107 008 | 21 7284 921 | 2834 | 533 | 35%
128 | 1224 | 163 | 1221 | 1159 | 23 | 8314 | 105 | 303 | 61 4034
144 13714 1834 13744 12954 2674 9354 11834 3434 6334 4534
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e A
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¢
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LIVENESS IN BROADCASTING *

When your friend tells you the news, do you prefer to have him sit comfortably
in vour home with vou or to talk at you from a box? When yon attend a concert, do
vou prefer to be in the audience and hear the sweep of the music through the hall
or to have the sound shot at you from a cabinet? Your radio can now bring vour
favorite newscaster, in living reality, to your home or can transport you to the best
seats in the concert hall. This article tells you how it is done.

Under normal conditions, you listen to an orchestra, to a singer, or perhaps to
someone telling vou the latest news with two ears. The binaural sense which resnlts
from the use of the two cars enables you to pay attention to the sound arriving from
any desired direction and partially to exclude the sound from other directions. Simi-
larly, yon easily separate nearby sounds from the more distant ones. You have, there-
fore, two means of accentuating, at will, certain parts of the sound.

If, however, the sound has heen picked up by oue or move microphones and repro-
duced throngh a single loudspeaker, your binaural ability to pay attention to the
sound from any desired direction is completely lost.  This results in an apparent in-
crease in the “liveness,” or reverberation, present and also in the intensity of the
incidental noises. However, yvour ability to distinguish bhetween nearby and distant
sounds is in no way impaired but is frequently enhanced.

Therefore, the situation can be sumimarized as follows:

1. You have lost all ability to accentuate at will certain parts of the sonnd, snchb as
solo artist, by the help of the direction from which that partienlar sound comes.

2. You still maintain your ability to accentuate by the distinction between nearby
and distant sounds.

3. The liveness, i.e., the apparent amount of reverberation, has been automatically
accentnated.

Any studio technique which Is to reproduce lifelike and realistic programs mnst
(1) provide the studio engineer with a means of supplying the necessary accentuation
lost by the failnre of the binaural sense, (2) provide the engineer with means of
making full use of the distinction between nearby and distant sounds, {(3) eliminate
the undesired accentuation of the apparent liveness.

This is particalarly true, as the sense of realism experienced by the listener is as
much dependent on the microphane placement and the studio acoustics as it is on
his home conditions.

Greater Coverage

The purpose of this article is to describe a techimique of studio and anditorinm sound
pickup which fulfills the above requirements and which places control of the desired
accentuations on the dials of the studio mixer panel. Fortunately, the correction for
the increased apparent reverberation can be accomplished by the initial placement of
the microphones used.

One of the important advantages of this live type of pickup is as much as 6-db gain
in coverage at no extia expense to the sponsor or the broadcasting company.

This unexpected gain is a vesult of the manner in which the ears of the listener
perform.  For a given power supplicd to the loudspeaker. the loudness of a program
picked up with this new technigue can be 6 to 8 db greater than the loudness of pro-
grams from “dead” pickups. Since this gain in loudness permits the listener to
operate his receiving set with a correspondingly lower electrical gain, static and other
noises are reduced by this amount, Thus, this effect is a real gain in coverage.

In view of this apparently complicated situation, a scarch was made for some simple
acoustic constant whiclh would clarify the studio problems.  Such a constant has been
derived mathematically and checked by practical application to studio practice.

This canstant is called liveness and represents the acoustic properties of an enclosed

® By J. P. Maxfield, Bell Telephone Laboratories, Tne., New York.
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space, such as a studio or auditorium, including the effect of the distances from the

artists to the pickup microphones. The properties of this constant are such that the

formula can be readily applied to the use of one general, ar “over-all,” microphone in

combination with the necessary additional microphones for accentuation purposes.
The liveness formula is

~ 1,0007%0*

1-1
GV (-0

where L = liveness

T = reverberation time, sec
D = distance from sound to mierophone, ft
V = volume of studio, cu ft

Gp = directivity of plckup microphone from source to microphone

The value of 7 used for the practical application of this technique to broadeast
pickup is an average of the values over the frequency range from 500 to 2,000 cps.
Where this average is unknown, the value at 1,000 or even 500 ¢ps can be used as a
guide.

The range of the limits of livencss for satisfactory binaural listening is very great
but is quite narrow for monaural, or single-channel, reproduction. However, ex-
perience has shown that with single-mike pickup the limits of the value of liveness
selected for best monaural pickup always lic within those acceptable for direct listen-
ing. This means that in the concert hall, for example, the microphone position is
always farther from the sound source than the front row of acceptable seats but nearer
to the sound source than the vear row. The center of the monaural range is always
closer to the source than that position generally rated as best for direct listening.
This increased closeness of the monaural microphone automatically removes the ac-
centnation of the apparent excess reverberation present.

The full useful range of liveness for monaural pickup varies matetially from onc type
of sound to another as, for instance, from symphony orchestra to solo singing to speech.
Table 1-5 shows the values of the monaural liveness range for several different types

Table 1-5
Type of sound Liveness range
Piano .. . 4-16
Symphony orchestra ... ... ... .. ..., 5-20
Small orchestra . ... ... ... .. . ... . ... . ... 3-12
Solo violin, cello, ete. ... ... e 1-4
Solo singing ... ... . ... .. .. e 143
Speech ... . ... ... Wi~

of sound when picked up for reproduction in average living rooms. It may be of
interest to know that where the reproducing space is abnormally live, both limits of
the usefil range are moved upward, not downward., Where the listening space is
abnormally dead, the values must be decreased aceordingly.

Increased Sense of Reality

Tf sound is reproduced from a pickup in which the liveness is contvelled within the
useful range as shown in Table 1-5, the subjective effect might be described as the
acoustic recreation of the pickup space around and behind the loudspeaker position.
This effect adds greatly to a sense of reality and renders music or speech both natural
and “easy to listen to.” Under these circumstances, it is difficult to locate the posi-
tion of the loudspeaker laterally, the sound appearing to flood in from bchind it
through an opening completely across the voom. In other words, the effect is that
of adding the studio space behind the plane of the loudspeaker without any inter-
vening wall,
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When the liveness is near the lower limit of the useful range, you get the impression
that the sound is situated in the near end of this added space. In the case of a person
speaking, there is the illusion of a real person speaking from the position of the loud-
speuker.

When, however, the liveness is near the upper limit of the useful range, the source
of sound appears to be considerably behind the plane of the londspeaker as if it were
coming to the hearcr from a posidon in the remote end of the udded space. In the
case of broadcasting large svmphony orchestras, this control of liveness enables one
s0 to broadeast a concert that the listener in his home may seem to occupy any seat
from the front to the back row of the auditorinm. Since most anditoria have seats
which music crities consicder to be best, it is desirable to control the liveness of the
broadcast so that the listeners are placed acoustically in that portion of the auditorium.

When pickups are made with a liveness value well helow the useful range, this effect
of added space disappears and one is aware of the sound being projected from the box
containing the loudspeaker.  Under these conditions, it has an artificial quality which
could never he mistaken for the presence of a real person or a real orchestra, This
cfeet might be called “absence”™ as opposed to the much desired “presence” of good
broadcast pickup.

Under these dead conditions, the lateral position of the loudspeaker can be accu-
rately located by ear and the interpretation of quality is quite sensitive to one’s posi-
tion with respect to the high-frequency beam of the loudspeaker and to the volume
at which the sound is being reproduced.

On the other hand, when the liveness value is well above the upper limit of the
useful range, one can again locate with ease the position of the loudspeaker. How-
ever, instead of feeling that the sound is being projected from a point souree, the
hearer experiences the effect of the sound reaching him through an open window from
a room which is much more reverberant than the one in which he is listening.

Caonsiderable evidence has been obtained that the public much prefers recordings
made wecll within the usctful range and in the case of orchestral music near its upper
limit,

The advantages of this tvpe of pickup can be smmmarized as follows:

1. The B-db guin in coverage previously mentioned.

2, When operating within the uscful liveness range, the amount of mannal volume
control normally necessary with dead pickup is markedly decreased without cither
overloading the equipment or causing the sound to sink into background ncise and
therefore permits a higher average per cent modulation.

3. For a given volume range as indicated by the VU meter, reproductions from
monaural sound pickups made within the useful range have an apparent volume range
nearly twice that of similar reproductions from dead pickups.

4. The change in quality of the monaurally reproduced sound as a funetion of the
londness of reproduction is materially reduced. This characteristic can be best illus-
trated by two contrasting cases.

Case 1

Assume that the sound from an orchestra, for instance, has been picked up under
conditions of liveness well below the useful range and that this sound has been
balanced for reproduction at an average intensity level of 75 db at the ear.

If this sound is now reproduced at an average ear level substantially lower than 75
db, marked distortion of the balance takes place. The lower notes and the high har-
monics appear to be greatly attenuated. A similar effect in the veverse direction
oceurs if the sound is reproduced at a level substantially higher than that for which it
was balanced. An equalizer introduced into the reproducing circuit will correct this
unbalance if its characteristics correspond to the differences in the loudness contours
af the Fletcher-Munson curves,
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Case 2

Assume that the sound referred to in Case 1 has been picked up under conditions of
liveness well within the useful range and, as before, has been balanced for reproduc-
tion at an average ear level of 75 db.

If this sound is reproduced at an average ear level either substantially lower or sub-
stantially higher than 75 db, very little, if any, apparent change of quality is notice-
able. This advantage is of great value to the listening audience, as it enables the
listener to reproduce a sound in his living room at any desired level without a corre-
sponding loss of quality,

Two or More Microphones *

The pickup technique being described consists basically of the use of (1) a micro-
phone situated at some distance from the performers to pick up the general blend of
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Fic. 1-36. Large auditorium with a symphony orchestra. A and B, accentuation micro-
phones; C, solo microphone; D, general microphone. Dotted lines show distances which
can be computed as described elsewhere.

sound and (2) one or more accentuation microphones for accenting desired portions
of the orchestra, soloists, ctc. This accentuation is obtained by controlling the liveness
instead of the loudness.

The general microphone preferably has nondirectional characteristics as typified by
the Western Electric 640AA or the 633 type. The accentuation microphones are
usually of the bidirectional or of the cardioid type typified by the Western Electric
639 type. Any high-quality microphone, having the proper characteristics, will oper-
ate in an entirely satisfactory manner.

Figure 1-36 shows a qualitative arrangement for a symphonic broadcast with soloist

* The manufacture of the Western Electric microphones mentioned in this article has
been discontinued.
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and some orchestral accentuation, while Fig. 1-37 shows a typical studio setup for
orchestra with vocals. It should be realized, of course, that all the accentuation
microphones are not necessarilv used simultaneously.
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Frc. 1-37. Plan and side elevation of normal studio set up for orchestra with voeals. It
should he noted that all the accentnation microphones in this arrangement are not neces-
sarily used at the same time.

Arrangements such as these ensure the fulfillment of the following requirements:

1. Over-all liveness control is available to the sound engineer at all times during
the broadcast.

2. Accentuation control is similarly available at all times.

3. The loss, by failure, of any one microphone does not render the pickup unsuit-
able for broadcast.

4. The arrangement is versatile and capable of rapid adjustment during rehearsal.

The employment of this technigue requires studios with acoustic properties of a
“pleasing” nature, i.e., studios of good acoustic properties. It also requires that studios
shall not be gvercrowded.
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Figure 1-38 shows the relation between the number of artists and the studio size.
Curve A represents good studio practice, while curve B represents the maximum crowd-
ing possible without loss of realism. Cuarve C is given for comparison only and repre-
sents auditorium conditions for symphonic music.

Figure 1-39 shows the optimum reverheration time with artists in place, as a func-
tion of studio or auditorimn size. Any values within 30 per cent of those shown can
be compensated for by a pwoper choice of microphone positions.

Placement and Control of Microphones

Positioning the General, or Over-all, Microphone

1. Choose from Table 1-5 the maximum value of liveness necessary for any part of
the program. For instance, for a studio pickup of a dance orchestra with vocals the
maximum value of L is 12 for small orchestra.

2. Choose a value 1.5 times this (L = 18) as suitable for the over-all microphone.
The increase of one and one-half is to allow you margin for leaving some accentuation
microphones in circuit at all times without reducing the general liveness too much.
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Fic. 1-38. Relation between number of artists and studio size. A shows good studio prac-

tice; B, maximum crowding without loss of realism; C, for comparison, shows auditorium
conditions for symphonic music.

3. Determine the distance D from Eq. (1-2) below. D represents the distance of
the microphones from the front of the orchestra.
Equation {1-1) can be solved for D and we get

VITG,

3167 -2

Where studios are in active use, a set of curves as shown in Fig. 1-40 can be pre-
pared. To aid you in preparing such a chart the following typical case is worked out
in detail.

Assume a studio whose volume V is 30,000 cu ft and whose reverberation time T,
with musicians in place, is 1.2 sce. For nondirectional microphanes G, = 1, and for
bidirectional or cardioid type G, = 3 for sound sources on their beams. Assumc a
range of L from 0.3 to 30.

From Eq. (1-2) tor a nondirectional microphone we get

V30 X 30,000 X 1.0

D=—" = 24.6 ft for L = 30
31.6 X 1.2
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Similarly D = 2.46 ft for L = 0.3.

Plot these two paints (A and B of Fig. 1-40) and connect them with a straight line.
From this chart the distance ID corresponding to any desired value of liveness can be
obtained for a nondirectional microphone.
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Fic. 1-:39. Curve showing optimum reverberation time with artists in place as a function
of studio or auditorium size, Any values within 30 per cent of above can be compensated
for by microphone placement.

To obtain the plot for hidirectional or cardioid microphones proceed in a similar
manner letting G, = 3. Then we obtain the points M and N, Fig. 1-40. Connect
these with a straight line.
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Fic. 1-40. Tvpical chart used for positioning general and acecntuation microphoues in
active studios.

This completed chart is now available for use in positioning the general microphone
and, as described in the next section, for positioning the accentuation microphones also.

Positioning the Accentuation Microphones

1. Choose from Table 1-5 the minimum liveness for the portion of the orchestra,
the soloist, or other course to be accentuated. For instance, for solo parts in the string
section choose I = 1.0 (solo violin, etc.) or for a vocalist choose L = 35 ( solo singing ).

2. Choose a value which is two-thirds of that obtained from Table 1-5 as the prac-
tical operating liveness for the accentuation microphone. This decrease to two-thirds
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is to allow you margin for the increase in liveness due to the over-all microphone,
which is always in circuit.

3. Choose a suitable type of microphone—cardioid, bidirection, or nondirectional.
One of the directional types is usually preferred as the accentuation microphone, since
it can be “beamed,” i.e., partially limited to the sound sources on or adjacent to the
high-sensitivity axis.

4. Determine the distance D from Eq. (1-2) or from the studio chart typified by
Fig. 1-40. If you are using this microphone for accentuation of the string section or
any other group of artists, D represents the distance from the microphone to the
nearest artist in that group.

5. Proceed in a similar manner for any other accentuation microphones which may
be necessary.

Determination of Approximate Mixer Dial Settings

No hard-and-fast rules can be given for control of the amount of accentuation neces-
sary. This amount depends upon the type of programn and upon the nature of the
esthetic or dramatic illusion you are trying to create for the listener,

Howcver, there are some general considerations which will help you acquire ex-
pericnce more rapidly than is possible with mere “cut-and-try” methods. In the first
place, make it a rule to start your rehearsal with the general microphone only—all
others being out of circuit. Then slowly fade in the accentuation microphones until
the desired result has been obtained. When in doubt, use less accentuation than
appears desirable over your monitor. This is due to the fact that most monitoring
rooms are both smaller and acoustically more dead than the average living room.

The details of this mixing technique are described in Appendix A. General ad-
herence to the methods outlined there will result in the production of acceptable pro-
grams with very little rehearsal.

Important Applications

There are three broad classes of programs to which this technique has been success-
fully applied: namely, (1) large concert-hall pickup, such as symphony orchestra,
opera, choral singing, etc.; (2) studio music programs with or without vocals; (3)
speech only, such as news, lectures, announcements, etc.

The Large-conceri-hall Type of Program

The most pleasing broadcast of a symphonic or operatic program is the one which
creates for the listener the illusion that he is actually present in the auditorium. That
effect is obtained when the liveness of the orchestra, including accentuation of any
section such as strings, woodwinds, etc., lies between 8 and 20. A good average
value for heavy music is 16, while for light delicate music a value of 10 is often
preferable.

If the orchestra is accompanying a soloist, for instance, a violinist, a singer, or a
pianist, the liveness value for the soloist should never be less than one-quarter of the
orchestral liveness and should preferably be between one-half and one-third. When
the one-half of orchestral liveness is used, the soloist is well out in front of the or-
chestra. As the solo liveness is increased, the voice or solo instrument seems to move
back and finally becomes mercly an accentuated part of the orchestra itself.

The mcthod of determining the dial settings to obtain these effects will be described
in detail in Appendix A. If you will use the quantitative method for setting the dials
on your first few rehearsals with this new technique, you will soon find that you easily
recognize the desired effects by ear and no longer require the computed values except
for an approximate check.

Table 1-6 shows the liveness value for each of the three microphones and the power
used, expressed in decibels above (4 ) or below (—) the power supplied by the over-
all microphone D, Fig. 1-36.
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Table 1-6
Mike L Decibels
D (general) 21 0
A (violin section) 0.6 —18 to —12
B (cello section) 0.6 —18 to —12
C (soloist) 0.5 Not used

The effective liveness of this arrangement is about 13, which value is well within the
uscful liveness range shown in Table 1-5.

Studio Music Programs with or without Vocals

As before, the most pleasing result is obtained when the listener feels that he is
present in the studio. A liveness between 6 and 12 for the orchestra yields this effect.
Solo voices should have a value one-half to one-third of the orchbestra value, while
crooners may operate as low as one-sixth of it. These values are easily obtainable in
a good studio which is not overcrowded much beyond curve B in Fig. 1-38.

Figure 1-37 shows a typical studio setnp. The method of setting the distances and
choosing the types of microphone has already heen described. However, a sample
computation may be helpful.

Assume a 20-piece orchestra and a crooner in a studio crowded to the curve marked
B, Fig. 1-38. Therefore, the studio volume is about 22,000 cu ft, and it should have
a reverberation time of about 1.1 scc (see Fig, 1-39) with orchestra.

Assume that

1. The desired liveness L for the orchestra is 10.

2. The desired liveness L for the crooner is about 1.6.

3. The general microphone has nondirectional characteristics.

4. The microphone for the eroomer and any accentuation microphones for parts of
the orchestra have bidirectional characteristics.

Proceed as follows:

1. Set the Liveness of the general microphone at a value 1.5 X 10 = 15,

2. Set the liveness of the crooner micropbone at a liveness not greater than
1.6 X 2% = 1.0 approximately. Use 0.5 if in doubt, as slightly more flexibility is
assured.

3. Set the orchestral-accentuation micropbone at a liveness not greater than
2.0 % 2% — 1.3. Use 1.0,

From Eq. (1-2) you get the values in Table 1-7.

Table 1-7
Microphone Type G, L Distance, fi
General . ... .......... Nondirect 1.0 15 16-17
Crooner ............. Bidirect 3.0 0.5 4-6
Accentuation ... ... ... Bidirect 3.0 1.0 7-9

If the distance of 4 to 6 ft for the crooner worries you, cut it down to any value not
less than 2 ft and mix accordingly (see Appendix A).

Speech Such as Announcers, Newscasters, Lecturers

These programs usually originate in small rooms of 1,000 to 2,000 cu ft with re-
verberation times of the ordet of 15 sec.

They get the full benefit of the extra coverage and naturalness due to liveness for
values of L greater than 1 to ¥4, From Eq. (1-2) the distance for a nondirectional
microphone for a 2,000-cu-ft studio, having a reverberation time of %% sec, would be
114 ft and for a ribbon or cardioid microphone on beam would be 2 ft,
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Appendix A. Method of Setting Relative Gain for General and
Accentuation Microphones

Let L, = liveness for accentuation mike
L, = liveness for general nuke
L. = effective liveness of combination
P, = ratio of power contributed by aceentuation microphone to power
contributed by general mierophone

then

db =10 log P,

Tt ean be shown that

1= L/L;  Lig — L.

P, = - )
Le/Le =1 LgL, — L, (1-3)
and
LaL,(1 + P.
T O it -
L+ P, L,

For example, if L. = 1.0 and L, = 20.0, we can use Eq. (1-3) and compute the data

shown in Table 1-8.

Table 1-8
L, P, Decibels Approx. decibels
1.25 3.75 +5.8 +6
1.50 1.85 + 2.7 +3
2.0 0.90 -0.5 Qor -1
3.0 0.43 -3.7 -4
4.0 0.27 5.7 -6
6.0 0.14 —-8.5 ~8 or 9
8.0 0.086 —10.7 —10 or 11
12,0 0.036 --14.4 —14
16.0 0.013 —18.8 —-19

Where a studio or auditoriam is in regular use, it is worth the time to plot this data

as a curve.

Figure 1-41 shows such a plot.

In Tahle 1-8 and Fig. 1-41, ncgative values of decibels mean that the level of the
accentuation mike is below that of the general mike by the number of decibels shown.

Since the sensitivities of the various mi-
crophones are not equal, the following pro-

+15
cedure must be used to determine this rela-
§L‘ +10 \ tive gain value.
2; + 5 During rchearsal, set the general micro-
z- 0 \\ phone attenuator control and master gain
=z ‘L\ control as if the broadcast were to be made
sS4 - 5 N on this microphone alone. Read the at-
EE ~ 10 [ ™ tenuator dial setting for maximum peaks on
é“; ] ™ the VU meter.
=9 7 5 L, L Then turn off the general microphone
m< - 20 91 uand tum up the accentuation microphone
_ 5 | T until the maximum peaks have the same VU
8 1 2 3456 810 20 rcading. Read the attenuator dial for the
Le accentuation mike. This becomes the zero
) of the decibel scale illustrated in Table 1-8
Frc. 1-41.  Chart showing effective live- o1 ip Fig. 1-41.
ness of two-microphone combination as

function of relative level.

For example, assume that the general mi-
crophone had an attermator dial setting of
10 db and the accentuation microphone had

a dial setting of 14 db for the same maximum peaks as read by the VU meter. This
means that with a setting of 14 db the accentuation microphone is contributing the

same power as the general microphone.
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Then if the desired over-all liveness is 9, we find from Fig. 1-41 that the accentua-
tion microphone should be operated at —12 db. Therefore, the setting would be 26
db on the attenuator dial of the accentuation mike.

1t sometimes happens that this low setting of the accentuation microphone causes
a blend of the sound which does not seem to have given the accentuation to the
desired instruments. This usually indicates that the general mike has been placed in
a poor spot and that the accentuation mike is being used to mask this trouble.

Therefore, seek a new location for the general mike as a first step of correction.

Appendix B. Music Programs in Overcrowded Studio

Under these conditions it is usually impossible to place the general microphone at a
sufficient distance from the front row of the orchestra. Therefore, a trick must be
resorted to.

1. Place a bidirectional microphone, such as 1, Fig. 1-42, with its insensitive direc-
tion pointing toward the orchestra. In practice this microphone will act as if G, [see
Eqgs. (1-1) and (1-2)] had a value of 14 to 1.

2. Place the necessary accentuation microphones in the standard manner except that
bidirectional microphones must not be placed too close to the studio wall. Where the
crowding is extreme, the use of cardioid microphones for accentuation purposes is
preferred.

3. Use the minimunm contribution from the accentuation microphones necessary to
obtain the desired effect. Too much accentuation does more damage under over-
crowded than under normal conditions and can easily push the pickup into the region
below the useful liveness range. You then obtain “absence” instead of “presence.”

This discussion has attempted to describe a semiquantitative sound-pickup tech-
nigue.  1f it is followed as a gencral guide, experience has shown that these methods
can almost ensure programs with a new rezdism7pmgmms that can give yowr station
as much as 6-db gain in coverage and vour listeners the sense of being in the presence
of the living artists.

HOW TO IMPROVE PROGRAM PICKUPS *

Make it good. Then make it better. This is the creed of radio engineers. Over
a period of 35 years, broadcasting has been made good. Broadcast equipment has
reached the state of design where the noise level is negligihle and the complete
specttum of audihle frequencies is available for transmission and reproduction.

Yet it is apparent to all concerned that the techniques of coardinating and operat-
ing this equipment arc as confused and almost as varied as the number of stations
and the number of operating personnel at each station.

What has not been so apparent is the fact that this situation can spell the suceess
or failure of a well-designed, well-maintained layvout. There is extensive literature
covering the theory, design, construction, and repair of the equipment, but the im-
portance of using such cquipment properly is just heginning to gain recognition of
its true worth.

Microphone Facts and Fancies

The microphone is a mechanical extension of the huwman ear. How often have
you heard that one? The fault in this definition lies not so much in ity literal mean-
ing as in the implications involved. 1f it were true, even though you had only one
ear, you could walk into a studio and place the microphone at the spot where your
one good ear could hear the orchestra, the soloist, the chorus, and the announcer,
Onlv it doesn’t work that way in practice. Yet this conception is probably the basic
factor in the reasoning of the operator who just sticks up the mike in a studio and

2 By Harold E. Ennes, WTAE, Pittsburgh, Pa., from FM and TV Magazine, Sleeper
Publications, Inc.
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proceeds to broadcast the show by riding gain. And there is the more ambitious
type who spots a microphone for each section of the orchestra and one for the soloist
and announcer and several for the chorus and then becomes very indignant when
the conductor reports that his musician friends listened to the show and thought
someone else had been on the podium.

To understand why a microphone cannot be considered an extension of the human
ear, it is necessary to review the fundamental theorv, It is an old story, but abso-
lutely essential to understanding the inike from an operational point of view.

Unlike the human hearing system, which is binaural {two-eared ), the microphone
is monaural {one-eared). It should be emphasized that this is true regardless of
the number of microphones used, since the sound is collected into one channel and
reproduced by one loudspeaker while each of our two ears has a separate channel
to the brain. Physically, the difference is that in a monaural system the sense of
direction is lost while reverberation is somewhat more noticeable, making the ap-
parent distance to the sound source seem greater than when listening binaurally.
Any operator who has set up a microphone in a particularly live hall has experienced
this phenomenon.

The conversation between two people anywhere in the hall can be heard quite
clearly when listening with two ears, but when listening with headphones connected
to an amplifier and microphone, the sounds seem nmch more distant while the ex-
traneous noise is high. This brings up an alldimpartant psychological factor closely
linked to the physical effect just explained,

This is the focusing power exerted unconsciously when listening binaurally or
even with one ear plugged up as much as is possible, The association of the ear with
the nervous system and the brain tends to exclude recognition of the extraneous
noise and to focus attention on particular sounds. The micraphone, as a mechanical
device not associated with any means of concentration, exercises no discrimination
between wanted and unwanted sound sources.

A practical example of this difference is to be found in any restaurant where there
is dinner music. Despite the high level of ambient noise, you can carry on a con-
versation or listen to the music and enjoy doing either one but not both at the same
time. But imagine the result if a microphone were placed on your table for a
broadcast! Very little of the music would be heard, and the few strains coming
through would sound far, far away. The radio listener would hear a hopeless
hodgepodge of voices, noise, and confusion.

First, then, let's do away with the ideca that the microphone is an extension of
the human ear. This applies equally to microphone techniques for AM and FM,
In practice, every effort must be madce to utilize the possibilities and limitations of
the mike in order to deliver an exact replica of the original program content to the
ears of the radio listeners.

Frequently we hear it said that microphone techniques are different for AM and
FM. As to this, there are ample grounds for disagreement. Discussions with con-
trol-room operators and production men seem to indicate that they do not know
how to set up for optimum on FM, Therefore, they adopt the attitude that FM and
AM techniques are different and, since the AM audience is larger, AM practices
should be favored.

Actually, experience shows that the rule should he: “Precise or sloppy techniques
show up more on FM than on AM.” In other wards, the difference between careful
and careless handling of a program is disclosed on AM to only a limited degree, but
FM listening shows up the difference very clearly, even with a set of no more than
average audio capabilities.

In this commection, there is another point that calls for revision of control-room
practice at many stations. It is not unusual to find three speakers in one control
room, for the operator may be called upon to keep up with the program on the air,
auother nnder rehearsal, and a third being aired by a local competitor. Under snch
conditions, critical listening by the operator is impossible!

All this leads up to the fact that FM has sct new and very high standards of studio
practice. Haphazard program setups that “get by” on AM may prove to be poiscn
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for FM. This is no exaggeration. On the other hand, the employment of high-
fidelity methods for FM results in improved quality on AM. This will be explained
in detail.

Understanding Response Patterns

In so far as program setups are concerned, the foremost characteristic of a broad-
cast microphone is its response pattern. There are several important factors which
must be considered when using a microphone pattern to obtain a desired result.

The basic point to kcep in mind is that a response pattern as illustrated for a
given mike is plotted in a perfectly dead room, to avoid all reflections of sound
waves. But when a microphone is set up in a studio room, although the theoretical
response pattern does not change, the mike is acted upon by reflections which vary
in direction and magnitude according to the shape of the walls and the ceiling and
their ability to absorh or reflect sound waves. This will he made clear by the hypo-
thetical case of a setup involving two sound sources and a bidirectional microphone.

10 0 10 5
—_— s =
A 8 A B
A+B =10 TOTAL QUTPUT A+B =15 TOTAL QUTPUT
Fic. 1-43. Bidirectional pat- 16, 1-44. Results are modified
tern in dead room. in live studio.

Figure 1-43 illustrates the ideal response curve of a bidirectional mike in a com-
pletely dead room. Sound sources A and B are of the same intensity and the same
distance from the mike, but B is directly on the zcro-response axis. Let us say that
each sourcc represents 10 units of sound. Since sound source B will excite both sides
of the ribbon equally, no movement of the ribbon will result from this source and
no output voltage will he created in the microphone. Therefore, the total output
voltage will be 10 units and consist only of the impulses received from A. Thus
the patternt holds true.

Figure 1-44 shows the same setup in a live room. 1t is still true that B will excite
both sides of the ribbon equally, resulting in no response to the direct wave, but
now we have reflections. Sound will he reflected from the walls back into the sensi-
tive side of the mike and, although reduced in intensity, will add to the 10 units of
sound from source A. The difference now between the two sound sources is not
only one of intensity but ratio of reflected to direct sound. Naturally this ratio is
greater for sound source B than for source A.

It is, of course, cbvious that there is no such thing in broadcasting as a perfectly
dead studio. This example is, therefore, rather crude but serves to illustrate the
basic idea of how acoustical treatment influences the polar action upon a microphone.
This understandiug is imperative from an cperational point of view.

While we are on the subject of response patterns, it is well to be sure that it is
clear as to just what information they are meant to convey. Figure 1-45 shows the
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polar response pattern of a particular cardioid mike, plotted for four different fre-
quencies against the ideal cardioid curve. This shows that there is a narvower re-
sponse angle at higher frequencies than at lower ones hecause high frequencies tend
to travel in beams.

The curves at the left in Fig. 1-45 illustrate, for example, that on 50 cycles the
response is down about 5 db at 90° with respect to its response for the same dis-
tance at 0°. It will also be noted that for 9,000 cvcles the response at 90° is down
about 6 to 7 db. Also, at 90° the 9,000-cycle response is about 11 db lower than
the zero-axis 30-cycle response. Since, in hroadcasting, we are concerned not only
with wanted and unwanted sound, but all shades in between, the individual response
patterns of a mike prove extremely useful if ulilized properly. From this disenssion
we have four fundamental operating points for the microphone:

Fic. 1-45. Left: Cardiod. Right: Unidirectional and Bidirectional RCA types,

1. If a sound source must be moved about the mike, loss or response can be com-
pensated for, if desired, by moving the mike closer to the source.

2, The ratio of refected to direct sound can be raised in a sufficiently live stadio
by using greater angles from the zero axis of the mike, This is especially true of
bidirectional microphones,

3. The more live the studio, the greater will be this effect.

4. High-frequency sound sources must be more nearly on beam for a given dis-
tance to achieve the same intensity of response as lower frequency sound sources.

To this latter point should be added the note that a bidirectional microphone has
a greater deviation in angular response between high and low frequencies.  Also,
the cardioid, or unidircctional, instrument has a much wider angle of response at all
frequencies than a bidircetional mike.

This is shown in Fig. 1-45, where the 1,000-cycle curve of an RCA 77 B unidirec-
tional mike (solid curve) is superimposed on the 1,000-cvele curve of an RCA 44
BN velocity (Dbidirectional) microphone. It should be observed that at 60° the
relative response of the 77 B is down only about 2.5 db whereas the 44 BX at 60°
is down about 6 db. The very great difference at 90° is clearly shown, This is
typical of all makes of broadcast microphones when comparing the unidirectional
and bidirectional patterns.

Studio Acoustics

The nonstandard acoustical characteristics of broadeast studios are the outstanding
factor that has prevented any establishment of definite standards in microphone setups,
1f there were such a thing as a standard studio, designed to approach as nearly as
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practicable the ideal condition of sound dispersion, the setup for any particular
musical organization would be a simple matter anywhere when once worked out.
Naturally, such is not the case. It is probably safe to say that there are no two
studios anywhere in the world that are acoustically alike.

Right here, the author feels it advisable to bring out a point so far neglected in
the scanty literature on mike technique. This point is that a great number of
operators and producers (alas, even in FM} do not have adequately designed and
acoustically controlled studios in which to work.

Since it is the purpose of this material to present practical information, the author
will attempt to show some definite rules that can be used to meet any acoustical
conditions. High-fidelity techniques for a good modern studio cannot be applied
to most of the studios in use around the country. We shall have to plant our feet
squarely on the ground and face the situation as it really exists.

In the modem studio, the walls ave live to musical sounds but are broken up
acoustically in gsome manner to avoid standing waves while still achieving a maximum
response to diffused, polyphased high-frequency sound. Under those conditions, good
tonal brilliance can be obtained with a minimum of microphone and control-board
manipulation. This is the type of design we need really to practice proper micro-
phone technique.

The Single Announcer

The single announcer is the logical starting point for our discussion of mike
technique. It must be nnderstood that we are not concerned at present with an-
nouncing over a background of music or any form of dramatic presentation. You
may ask: “What is there to discuss, then? The announcer just steps up to the mike
or sits down in front of one and talks!”

You're right, He does. But the fact of an error does not justify it.

Announcing alone occupics a considerable portion of the broadcaster’s schedule.
Correct voice transmission is so very important to radio because we do not have the
sense of sight to help our impressions; the voice is the complete medium of expres-
sion. The intake of the Dbreath, the most subtle inflections, the style of delivery, the
original voice timbre, all are necessary to the listener. Any or all of them may be
severely affected by the announcer’s relation to the mike.

Those of us in the technical end of radio must at some time of our careers realize
that engineering training does not develop an appreciation of artistic values or sense
of showmanship. We are very apt to losc sight of the real reasons behind the keys,
faders, and perfectly matched impendances of the control system. They are de-
signed this way so that the electrical impulses may correspond to the thunderous
crescendos of Wagner's Die Walkiire or the light, delicate strings of Debussy’s Festi-
vals, It is with the intangible qualitics of human experience, expressed by great artists
through the moods of music, that the wires and switches and dials and knobs of the
technical department are concerned. As we grow ever more conscious of this, we come
to see our work in its true relation to the service of radio to the listening audience.

But to get back to the announcer and our starting point in high-fidelity microphone
techniques. Mugging the mike is a strongly entrenched and deeply rooted habit.
But the announcer must be kept away from the microphone. He will probably
object. He may refuse. Some announce desks have inicrophones permanently
mounted on them, and if the announcer nioves back, he must hold his script in an
uncomfortable position, without an armrest. This is plainly and simply an engineer-
ing error. Like fingerprints, there are no two voices exactly alike. For every voice
there is a definite relationship to the microphone which allows the most natural and
pleasing reproduction.

For voice work alone, 2 ft is the minimum distance from the face to the micro-
phone that will assure naturalness of that voice! A distance of 2 ft, incidentally,
should be used ouly for the softest voices, Compare this with your own studio-
operating practice. What is the distauce your announcers use? Probably somewhere
between 4 and 12 in. Voice waves at this distance from the mouth and throat
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cavities do not create electrical impulses that correspond to the natural character
of that particular voice.

Do this as an experiment: On rehearsal, set up microphones (in addition to the
regular announce mike) 3, 6, and 9 ft away. Stagger them enough so that no mike
will be in front of another. If the regular microphone is immediately in front of
the announcer’s face, you will have to move it lower or to one side. Don't tell him
what you are doing. Just say you are testing mikes. If he is told to start reading
at a distance from one microphone and then
to move closer, he will subconsciously alter his
volume and you will not get a natural check.

Now turn only one microphone on at a time.

Start with the farthest mike. Unless you are

so conditioned to hearing the mugging voice SUSPENDED MIK‘E {HORIZONTAL)
that you can accept no other, you will find a TABLE TOP ACOUSTICALLY DEADENED
new experience in naturalness of voice trans- 1

mission. A distance will be found where the
voice begins to soumd hollow in a live studio
or thin in a dead one. Usc the distance just
a shade closer than this point.

In small announce booths, where space is at \

a premiwn and where distance would create a
barrel effect owing to the proximity of the
stuclio wall to the microphone, the mike should  Frc. 1-46. Setup for interview in small
be suspended over the anmouncer’s head at o TOOm.

distance of several feet. We are borrowing

this technique from television, where the mike must he kept out of the range of the
camera and is often as much as 15 ft from a performer. 1t should be borne in mind,
however, that the sound in television is only a secondary expression to the picture.
In other words, all the intent and meaning need not be embraced in sound, as in
audio broadcasting.

This same technigue is most couvenient when two persons arc seated at a table
and using a single mike as illustrated in Fig. 1-46. The table top should be deadened
by acoustical treatment or by the use of a heavy cloth cover to prevent reflected
sounds from entering the mike.

How Many Microphones?

In an approach to the study of specific types of program setups, the question of
the number of mikes will invariably arise, especially on a large show. Keep always
in mind the previouns discussion on the monaural character of the system and the lack
of focusing power unless it is deliberately nsed as a means of concentrating the
attention.

The greatest weakness in mike setups for large shows has always been the use
of too many microphones. There is hound to be some distortion, however slight,
in multiple-mike setups due to the time lag of saund waves which create phase
additions and subtractions at the warious pickup positions.  This source of distor-
tion, however, is only minor compared with the other faults of this technique.  Aside
from the operational difficulties of handling a large number of channels on the
mixing panel, with greatly increased chances of error, the control man and his board
take the place of the conductor. All the dramatic interest, the emotional pattern
written into the original score, plus even the conductor’s interpretation are placed
in the ratio of fader adjustments and the reactions and psvchological temperament
of the aperator. In other wards, too many variables are injected between the per-
formers and the listeners.

Let’s establish a foundation upon which we can build a workable structure to
determine the correct number of microphones for a given show. Let’s also he
practical and realize that many operators have neither the very latest studios nor
an adequate amount of rehearsal time.
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1. Whenever it is possible in the time allotted for setting up, arrange your per-
formers about a single microphone {following suggestions given later for each type
of show) so that the over-all balance is correct. If you do this, you achieve balance
by proper positioning rather than by mixing various sources on the control board.

2. Perhaps your time is running out and you are still having trouble with a par-
ticular section in obtaining balance. This is more apt to occur in a dead studio than
in one which is acoustically live. Another mike will have to be used on the trouble-
some section. However, use of the second pickup can probably be limited to par-
ticular spots in the show, such as rhythm-scction accentuation of an orchestra as
required by the score.

3. Some of the more complex shows do require more than one microphone. Take,
for example, a variety show consisting of a drama cast, a chorus, and an orchestra.
Remember that the microphone does not focus attention as vour ears do in the studio.
Of course, it is likely that a program of this type will originate at one of the larger
stations having modern studios. The more rehearsal time you have, the less the
number of microphones necessary, to the point where the absolute minimum is
reached. So much for the basic theory of microphone technique. Let’s go on with
more specific program sctups.

Picking up the Piano

The single-piano pickup is the simplest setup, since it is perhaps the least affected
by acoustical nature of the room. No matter how softly the pianist plays, as long
as he is imaceompanied by other instruments, the microphone should not be placed
up under the lid. The distortion arising from the closc proximity of large physical
objects to the microphone is well known. It shanld then be obvious that a pickup
under the lid and close to the saunding board will not allow natural transmission of
the piano tones. Close-miking almost any instrument makes it necessary to hold
down the volume, with great loss of musical brilliance. 1t is true that many operators
have hecome so accustomed to this type of piano setup that, as is the case with the
close-talking announcer, the sound may be familiar, but it is not natural reproduc-
tion. We must remember that it is the business of the broadcaster to transmit the
natural sound of the original program content,

Here is the best method of determining the setup for a single piano: Start with a
distance of 20 ft, liead high. In a dead studio, this distance will probably result
in a thin response, especially on low passage. In live studios, the sound may be
too reverberent for clear-cut transmission. Move the microphone in on a line
drawn through the center of the sounding board until the tones are full-bodied, with

just the right amount of reverberation. This

MIC distance is seldom less than 8 ft and will allow

AL o tonal brilliance and balance between lows and
S highs that is sacrificed in close-up techmique.

~ Now comes the final check for balance be-

tween bass and treble, in other words, the check

~  of the player’s left- and right-hand pressures.

If the pianist has a heavy right hand and bass

response is somewhat weak in relation to the

Fie. 1-47.  Orientation for a two-  highs, keep the mike at the same distance but

piano team. swing it toward the tail of the piano. This

mecthod increases the vesponse from the bass

strings.  If the pianist has a heavy left hand, with a relative loss of highs (this lack

of highs is also apt to occur in dead studios), the mike should be moved toward an

imaginary extension of the keyboard. This will increase response to the treble strings
and decrease that from the hass strings.

The twin-piano team imposes only slight additional requirements. Figure 1-47
illustrates the most satisfactory orientation. The temperaments of the pianists must,
of course, be considered, and the lead piano given prominence by moving the mike
closer to that piano if the accompanist is heavy-handed. The procedure for bass
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and ftreble balance should bhe followed, not by moving the microphone, but the
piano jtself.

Voealist and Piano

The distance ol the vocalist from the mike, the distance of the mike from the
piano, and the distance of the vocalist from the piano must be considered in this
setup. There is no excuse for using more than one microphone unless the time
allowed for rehearsal is zero.

The first requirement is to listen to the vocalist in the studio. Does he or she
sing out with the chest muscles, using a large volume and dynamic range? Or is
the vocalist the crooner type, using only the larynx and throat for emphasis? Every
vocalist 3s in one or the other general category.

One who sings out with full volume should be placed 12 to 6 ft from the micro-
phone when a piano alone is used as background.  On rehearsal, always start with
the greatest distance, The goal is to use the lowest volume and the highest volume
without having to ride gain on the fader control.  This part of the balance can always
be achicved by careful rehearsal checks. The halance hetween vocalist and piano
accompaniment Is not always so simple. A good pianist or one fawmiliar with a par-
ticnlar vocalist’s stvle will automatically adjust his volume to the pianissimo and
crescendo of the singer.

A bidirectional mike should he placed about 8 ft from the piano, with the vocalist
on the opposite side at the distance determined by trial. Tt is well to point out here
that a very common ciror is in taking a vocal solo too literally. The presence of the
piano must always be there, with only slight emphasis on the voice. 1t should be a
blend with, of course, the voice always a little predominant, but not with a weak
background of plano tones, as is often heard.

When the pianist insists on playing so loudly that the accompaniment smothers the
vocalist (some pianists cannot alter their voluine and still play well), the dead side
of the vocalist’s microphone must be turned towavd the piano. This is almost always
the only adjustment necessary from the 8-ft distance between mike and piano. 1f
the studio is very live and the piano tones are still too prominent, turn the piano
around so that the lid opens toward a wall of the studio. Don't at any tinie move the
vocalist closer to the mike if it is necessary to ride gain on the natural dynamic
range of the voice.

Setup for Small String Groups

Small salon groups, string quartettes, or hillbilly groups, playing in intimate style,
require good instrumental definition.  This calls for comparatively close mike setups,
but not too close!  The author is always hesitant about using the word “close,” since
the veader is apt (o luke it as meaning divectly into the face of the instrument.

Consider a small salon orchestra, generally consisting of several violins, a viola,
a ccllo, a string Dbass, and somctimes a piano.  Because of their comparative volume
they ave usually placed in that order from the microphone. Figure 1-48 illustrates
the gencral orientation of such a group with the mike.

Now assine that the approximate distances are violins 4 ft, viola 6 ft, cello § ft,
and string bass 10 ft, with piano somewhat ofl mike at 10 ft. 1f the violins are too
predominant for proper sectional balance, usual practice is to move the violing farther
back or to one side in a less sensitive zone or else to bring the other instruments
in closer.

However, remembering the focusing-power principle, it is clear that quite a
range of sectional balance can be obtained by the simple expedient of adjusting
the microphone height and tilt, as shown in Fig. 1-49. If the violins are too pre-
dominant, raise the mike and focus on the other instruments. 1f the violins are weak,
the mike should be lower and focused on them. This is a better method than
moving the predominating instrminents to one side in a less sensitive area of the
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mike, since the higher frequencies containing the overtones are very important for
wide-range pickups.

o I
STRING BASS
a .
CELLO ) f S~
VIOLA ~
~ ~a
o O ~ ~
1ST VIOLIN ~ 2ND VIOLIN ~w -~
) ~ ~
O = T T
MIC
Fic. 1-48. Orientation for a Fic. 1-49. Adjusting microphone for bal-
salon orchestra. ance.

There is little difference in pickup for this type of musical organization between
dead and live studios, since the setup must be intimatc in character, with high
direct-to-reflected sound ratio, minimizing the eflect of the acoustical nature of the
studio.

Setups for Small Orchestras

A large number of organizations presenting popular, serious, or variety music
comes within the small-orchestra category. There may be a combination of brass,
strings, and reeds, numbering anywhere from 4 to 15 musicians.

Again the first step is to visualize the instruments in comparative power output.
From softest to loudest, they are:

Violins, trumpets or trombones (muted), guitar
. Clarinets, saxophones, xvlophone, vibraphone
String bass

Piano

. Trombone (open belled), trumpets { open belled ).
Traps, bass drums, guitar (electrically amplified)

Thcse are the most hkdv instruments to be encountered in such a setup. As
beforc, the conventional approach is to arrange them in the order listed from the
single microphone.

Look now at Fig. 1-50. This is a live-studio practice, starting with the violins at
about 8 ft. When initially checking the balance of sections, remember the height
and tilt adjustment for focusing power to obtain proper blend. Then, and not until
then, try moving a troublesome section.

1f you think it necessary to move instruments, keep these principles in mind: A
predominating section may be too loud, not becaunse the relative distances between
instruments are incorrect, but hecause the microphone is too close to the entire
outfit. Move the mike back.

A weak section may be too soft, not because it is too far from the mike, but
beeause all instruments are too close to the microphone. Move the mike back.

In other words, the farther back a microphone is placed {within the limits of
acoustically allowablc distance), the better the chance of a good balance between all
sections.

Another very important item is the treatment afforded muted trumpets or trom-
bones. When their bells are muted, the instruments must be very close to the
microphone. This means really close, about 2 ft. If the players cannot or will not
step from their regular positions to one inumediately in front of the mike, a separate

D UL L0
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microphone must be spotted just in front of that section. Obvionsly it is to be used
only when the instruments are muted.

Now consider a stndio of older design with dead characteristics. When the
musicians number aronnd 12 to 13, it is often difficult to get good sectional balance
with the plan shown in Fig. 1-530. Even though the farther instruments may con-
tribute about the same number of volime units;, the pickup may he thin, because
the dead studio does not reinforce the harmonics and overtones.  Also the mike
must be a little closer in a dead studio, emphasizing the discrepancy in sectional
presence.

In nearly every case, however, best results are obtained with one mike and by
nsing the setup illustrated in Fig. 1-51. The mike is a bidirectional ribbon type.
The instruments must be more nearly on beam, owing to the narrower angle of
response in comparison with the unidirectional mike employed in Fig. 1-50 and with

[
TRAPS O TRAPS
T%MPEE'\I'S
[
o0 STRING BASS
TROMBONES D
[ i
STRING BASS VIOLINS (D MIC
OO0 ¥
SAX E/0R CLARINETS 7
D SAX &GJ/OR CLARINETS
U
VIOLINS é XYLOPHONES TRCMBONES
MIC TRUMPETS
Fic. 1-50. Conventional one-microphone Fiz. 1-51, Improved pickup
plan. lecation.

the dead acoustics of the studio. More time and movement of players will be neces-
sary to get this setup exactly right, but it is far better than the usual procedure of
using additional microphones.

How to Add a Vocalist

A vocalist with the type of musical program just described imposes special prob-
lems uuless the organization is thoronghly trained in prior broadcast-produetion
technique.

The ideal arrangement would Ire for the vocalist to stand in front of the orclhestra,
facing the mike at a distance of several feet. This arrangement, however, is often
not practical as, for instance, when the mike is raised and slanted so as to obtain
proper balance of instrumental tones.

Wlhere such a situation occurs, there is no alternative bnt to use a second micro-
phone for thie vocalist, preferably a unidirectional type, with the dead side toward
the orchestra. This mike can be used for the announcer also.

Symphony Orchestras

The setup for a large symphony orchestra should be based upon exactly the same
principles as heretofore discnssed, except that the grouping of instruments, the use
of a chorus, and the type of musical score make the problems much broader in
scope. Fortunately, such programs are not usually attempted in an inadequately
designed studio.



6-64 Studio Facilities

Generally, the usual physical arrangement of the orchestra for regular audience
listening will be satisfactory for broadcast purposes.  On the initial trial of the main
orchestra microphone, several mikes should be suspended at the most likely pickup
positions in order to avoid the confusion of moving mikes. The general area for
these microphones is 15 to 20 ft high and 15 to 25 ft in front of the violin section.
Figure 1-52 illustrates a typical grouping of a large symphony orchestra.

TUBAS
TRUMPETS

ANNOUNCE
MIKE

‘ E
¥ S0LO MIKE@ DCONDUCTOR @ /

MAIN ORCHE‘STRA MIKE

)

Fic. 1-52. Symphony orchestras may recquire solo and seetion mikes for highest fidelity.

If a vocalist or instrumental solo is called for, it is ahmost always necessary to
use a second mike to achieve proper sound perspective. Remember that vocal or
instrumental solos are not to be entircly predominant; the orchestral accompaniment
must be very much present. Always try to get the conductor to listen to a monitor
speaker for a final check on balance, or get sonmie responsible member of the organ-
ization to pass on it. The very best control and production men do this simply
hecause every symphony organization has its own arrangement of score or possibly
a distinct interpretation of the original seore. This individuality must be conveved
to the listeners, Thus, many times, a slight
rearrangement of instruments in relation to

TRAPS o . :
the microphone is found necessary.

TRUMPETS [OPEN) In spite of the usually superior results
L0 STRING obtained with a single, well-orientated mi-
L \TROMBONES 0o crophone, it is often necessary to deviate
‘\D A O mie from this practice for truc high-fidelity
L '&JRUMPETS SAX £/0R CLARINETS picknp.  The main orchesira microphone,
4 CIMUTED) back far enough to obtain the proper blend
© O qQ of all instrumental tones, will faithfully
mic Ome pick up the delicate, distant tonal beauty of

the violin passages in Clair de Lune, for
Fig. 1-53. Mike setup for dance orchestra.  example.  Most music lovers, however,

criticize this same microphone setup for
such numbers as the Strauss waltzes, where the tonal perspective of the sirings should
be closer and more strident in quality.

Many leading conductors and producers of svmphony broadcasts insist on an
added mike suspended dircctly over the strings or other scctions to be tnrmed up
only on cue. This procedure supplies the missing psychological factor of microphone-
to-sound perspective.  When a choir is used with a symphony orchestra, it is also
necessary to use a separate mike hecausc of the spread of the total combination in
order to obtain focusing power.
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Constants ¥V = 22,000 cu ft; T = 1.1 sec.

Evample 1: (solid lines) placement of general microphone. From Table 1 use liveness
of 15, Connect 22,000 on V and L3 on L. Mark reference on the axis. Then extend a
line from 1.1 on T through reference on axis to 16.5 ft on D. Answer: 163 ft fromn mike
to sound source.

Example 2: {dash lines) placement of solo vocal microphone. From Table 1 use live-
ness of Y, Connect 22,000 on V and 4 on L. Mark reference on the axis, Then extend
line from 1.1 on T through this reference to 3 ft on . For bidirectional mike multiply
3 fthy v3or 1.73. This vields 5 to 6 ft for actual distance,
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Notes on Field Setups

Field setups are an entirely different matter. The musical instruments must
usually be placed more in a straight line owing to lack of depth of the platform.
Added to this is the inevitable noise and confusion about the point of origin. It may
be argued that really high-fidelity transmission is impossible from such a broadecast,
and this is true. But FM listeners especially will appreciate any pains taken to im-
prove the pickup.

Multiple-microphone arrangements are absolutcly nccessary for such an orchestra
of even medium size.

Figure 1-53 illustrates a three-microphone treatment of a typical dance orchestra
playing in the open. Always strive to obtain a good balance with the minimum
number of mikes, taking into consideration the usually hcavv background noise. It
is almost always necessary to use a microphone for each group of instruments, as
shown in Fig. 1-53, to give the section playing the lcad or melody at any particular
time the highest intensity. But remember that the presence of the other sections
is important.

Conclusion

It is apparent to the experienced broadcast man that many types of program
setups have not been treated in this article. Indeed, such a treatment would re-
quire a full-size book. The anthor has attempted to take up only those situations
most commonly encountered.

Therc will, no doubt, be some who have honest disagreements with parts of this
discussion. The author extends an invitation of correspondence to any reader who
may care to offer comment or criticinan. Progress in any line of endeavor can be
achieved only by the inquisitive mind and earnest doubts of traditional practices.
Microphone-setup techmigques in particular and operational engineering in general
are in need of exhaustive, wide-open discussion,
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COST ESTIMATING FOR TELEVISION FACILITIES

Ropney D. Curpp

Director of Engineering
ITT Communication Systems, Inc,

INTRODUCTION

The following information is for preliminary estimating only and is based on costs
in the Northeastern part of the United States. When using this information, make
sure that all concerned realize that these are quick estimates of relatively good ac-
curacy but should not be considered exact costs.  Final pricing can be determined
after consultation with the architect ar engineer and obtaining contractor’s cuotations.

Cost-estimating factors will vary with current labor rates, location, union jurisdiction,
climate, ete. The cost factors shown herein can be adjusted to suit these local condi-
tions. Muke sure that you know your own local situation in so far as these items are
concerned.

Where there are improvements to land, make sure that you have enough basic
information to include all necessary iterus. Certain property might require drilling
and blasting, special provisions for drainage, etc.

These cost factors presuppose good construction materials and methods. In some
circumstances cheap construction mav be warranted. However, it is believed that
good construction pays in the long nun and that it is better to save on operating and
maintenance costs rather than ou capital expenditures.

The following information does not include cquipment or tower costs, which are
covered:

Table 2-1. Construction-cost-estimating Factors—TV Plants

Totul Estimates

New transmitter buildings ... ... ... . .. $21/sq ft
New studios and offices . .. .. ... 832/sq ft
Studio conversions (shell available) ... .. S17/sq ft

Component Estimates

Studio Aooving .. .. ... ... 8$0.35/sq ft Boor area
Office Aooring ... .. ... ... . %0.35/sq ft floor arca
Studio acoustic treatmen T 50.90/5¢ ft area covered
Other aecoustic treatment . .......... £0.535/sq ft area covered
Studio lighting aund rigging .. ... ... .. . 510/sq Bt Boor avea
General electrical work ... ... .. ..... $2.25/4q ft Hoor area
Audio/video wiving ... ... ..., $1.30/connection
Air-conditioning plant . ...... ... .. .. $1,000/ton of vefrigevation
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Table 2-1. (Continued)

Improvements to Lund

Land—clearing and grubbing . .. ... .... 3600/ acre
Excavating:
Power (use on large jobs) ... .. ..... $1/cu yd
Hand (use on small jobs} .. ... ... ... $5/cu v
Grading:
Rough . ... ... ... .. ... .. ... ... . %50.35/cu vd
Finish .. ... .. FE $0.15/5q yd
Roadway and parking area . ... ... .. ... $2.530/sq yd
Fencing . ... ... ... ........ ... ... ... $3/1t

SAMPLE PROBLEMS

Example 1. Conversion—Studios and Offices
Existing building is 200 by 110 ft, seven stories high.
110 % 200 % 7 = 134,000 sq ft
Deduct 28,000 sq ft for studios that are two stories high.
154,000 — 28,000 = 126,000 sq ft
126,000 x $17 = $2,142,000 estimated cost

Note: In 1933 this actual job priced out at 81,731,000, Multiply 1,731,000 by the
increase in cost from 1953 to 1959 to get 1,731,000 x 5.1/4.2 = 2,100,000.

Example 2. New Studio—Office Building

To be built on property already cleared. Building is to he 90 by 80 by 20 ft and
will house two studios, one 60 by 40 by 20 ft, the other 40 hy 20 by 20 ft, with the
remaining area {two floors) devoted to offices, teclmical space, program space, ete.

Total urea: 90 % 80 = 7,200 sq ft
Studio area: 60 x 40 = 2,400

40520 = 800

3,200 sq ft

7,200 — 3,200 = 4,000 sq ft
4,000 X 2 stories = 8,000 sq ft other space
3,200 sq ft (studio) 4 8,000 sq Ft (other) = 11,200 sq ft
11,200 % 32 = 3358,400

Example 3. Transmitter-plant Estimate

Land:
Size, cost: 20 acres af $1,200 . ... $24,000
Imiprocvements to land:
Clearing 5 acres at $600 ... .. .. ... ... ... ... ... L. 3,000
Grading and excavating negligible ... . . ... ... .. ... -
Roadway and parking lot, 400 sq yd at $2.50 .. .. . .. 1,000
Fence 500 ft at $3 . . 1,500
Miscellaneous, drainage, cbe. ... 2,500
’ $32.000
Balance brought forward ... ... . oL $32,000

Transmitter building:
70 < 35 = 2,450 sq ft
2,450 s fEXCE2L 51,450

$83,450
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Example 4. Flooring Cost Estimate

Same studio and office building described in Example 2,

Studio area:

3,200 sq ft at $0.55 ... $ 1,760
Other area:

8,000 sq ft at 8035 ... ... ... T 2,800

Total ... .. o $ 4,560

Example 5. Acoustic-treatment Cost Estimate

Studio 60 by 40 by 20 ft with wall surfaces not treated from floor to 5 ft above foor.

Area covered = 60 X 40 4 2(40 X 15) 4 2{60 x 15)
~ 2,400 + 1,200 + 1,800

5,400 sq ft

5,400 % $0.90 = $4,860

N

Totals for building described in Example 2:

Studio 60 by 40 ... . $ 4,860

Stadio 40 by 20 .. ... 2,340

$ 7,200

Balanee brought forward ... ... ... ... .. .. $ 7,200
Ofhce ceilings:

8,000 sq ft> 8055 .. 4,400

Total ... $11,600

Example 6. Air-conditioning Cost Estimate

Method:

1. Determine heat load in kilowatts (see Table 2-2).

2. Determine volume of space in cubic feet.

3. Based on six air changes per hour, divide volume by 10 to give cubic feet per
minute to be cooled.

4, Allow 1 ton of refrigeration per 400 ¢fin plus 1 ton per 4 kw.?

Table 2-2. Heat Loads

Watts
General lighting . ... ... .. ... ... .. 4/sq ft
Studio lighting (monochrome) . ... .. .. 25/sqg ft
Studio lighting (color) .. ... . ........ 100/sq ft
Persons .............................. 150/cach
Equipment radiation . e .. B00/rack

Note: For the studio and office building described in Example 2:

Monochrome studio lighting: 3,200 sq ft 3¢ 25 watts/sq ft = 80 kw

Other lighting: 8,000 sq ft % 4 watts/sq ft = 32 kw
Staft and audience: 150 X 150 walts = 92.5 kw
Equipment: 25 racks X 600 watts/rack = 15 kw

149.5 kw

1 These factors are based on Northeastern Uuited States. There will be changes for
different design conditions in different areas.  See “ASHAE Handbook.”
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Table 2-2. (Continued)
Volume of building = 90 x 80 x 20 = 144,000 cu ft

144,000 _ 4 400 cfm
10
1953w _ a2 4 toms
14,400
4100 = 36 tons

37.4 1- 36 = 73.4 tons approx.
73.4 tons X 0.70 diversity factor? = 52 tons
52 tons at $1,0003 = $52,000

Example 7. Lighting and Rigging Cost Estimate * {per Square Foot of Studio)

Table 2-3. Cost Factors

Monochrome Color
Ttem (100 fc) (400 fc)
Connector sStrips ... ..o ienine 1.20 1.40
Pixtures .. ... ... . . 1.40 2.20
Light control . ... .. ... ... . . ... ...... 2.30 2.75
Installation ... ... ... . .............. 2.50 2.75
Subtotal . ... . ... ... 7.40 9.10
Rigging (installed) .. ..... ... ...... .. 2.50 2.50
Subtotal ... ... ... ... 9.90 11.60
Add for L0 scene preset board . . .... ... 3.50 5.25
Total ... ... 13.40 16.85

For the studios described in Example 2: 60- by 40- by 20-ft studios complete with
rigging and adjustable battens, lit for monochrome, using autostat board and patch
pancl lor light control,

60 X 40 x 9.90 = $23,760
40 x 20 % 9.90 = 7,920
331,680

Table 2-4. Power-service Estimates

Watts
1. General service ..,........ .......... 4/sq fr
2. Studio lighting, monochrome ......... 25/sq ft
3. Studio lighting, color . .............. 100/sq ft
4. Camera chains, orthicon ........... .. 1,500
5. Camera chains, vidicon . ... ... .. ..... 630
6. Equipment racks ... . ..... . ........ 1,500
7. Air conditioning . ..., ... ... ... 1,000/ton
8. Miscellaneous *

* Don’t forget to include office equipment, cleaning equipment, shop tools, elevators,
electric signs, and other applicable items.

Advances in equipment design, the use of transistorized equipment, etc., are reduc-
ing these loads from year to year. For some applications, fluorescent lighting has been
used with success. Ultimately, there will be considerable reduction in power service
and afr-conditioning requirements.

2 Allow 0.70 diversity factor on the basis of a few large audience programs and limited
back-to-back studio operation.

3 Some areas in the United States may be as little as $600 per ton.

+ Based on New York City electrical costs of approximately $6 per man-hour.
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In the building described in Example 2:

Studio lighting

Other lighting . . L

4 orthicon chains at 1,500 . .. ..

2 vidicon chains at G50 . . ..

25 racks
Total

Balance forward
52 tons air conditioning . .
Miscellaneous and reserve . ... .. ..

Total .. ... ... ... ...

F

6-71

acilities

Kilowatts
80
32
G

373
156.8

156.8
59

¥

Table 2-5. Building-trades Wage Scales *

Geographical Variations (1957

Middle Atlantic .
New England
Southeast .. ..... ... ... .., ..
Great Lakes
Middle West
Southwest
Mountain
Pacific

% Source: Bureau of Labor Statistics.

)

0.86
077
0.95

0.83
0.83

Table 2-6. Building-cost Indices *

Year Labor Material
1940 1.0 1.0
1945 1.1 1.3
1950 1.6 2.0
1955 2.3 2.4
1957 25 2.6

# Source: Engineering News-Record.

Total
2.0

P 02
=1,



Part 3

STUDIO LIGHTING FOR MONOCHROME
AND COLOR TELEVISION

NATIIAN ]. SONNENFELD

New York Sales Manager
Century Lighting, Inc.

PLANNING TV STUDIO-LIGHTING FACILITIES

Television is essentially a visual art. High priority, therefore, must be given to the
planning of the lighting faciliies. Proper planning will result in a high-quality picture
at a moderate operating cost. Improper planning will result in excessive operating costs
and an inferior picture.

In TV lighting, as in all planning, the requirements should determine the space and
the facilities. Therefore, it is strongly recommended that the operations people be part
of the planning group and be represented at all meetings related to studio planning
and facilities. The cost of the studio-lighting equipment and its installation represents
only about 10 per cent of the total cost of the facilities. Lighting is such an important
factor in picture quality, however, that due consideration must be given to it in plan-
ning. Money spent wisely in the initial design will greatly influence the profit picture
later.

The responsibility for designing and building the studio should be vested in a
planning group. The planning group should include, but not be limited to, the pro-
duction supervisor, chief engineer, sales manager, personnel manager, and general
manager. This group will work with the architects and consulting engineers in
designing and building the studic and transmitting facilities.

The planning group will have all available information regarding the present and
future scope of the operation. The group should know which facilities should be built
immediately and what provisions should be made for future expansion. The planning
group should operate before pencil is put to drafting paper.

Based on surveys by management, facilities can be planned for the live telecast of
weather, news, variety shows, disc jockey, dramatic shows, live local commercials, and
choral and orchestral groups.

The planming group then converts these decisions into space requirements. The
requirements should determine the space, not vice versa.r The lighting representative
on the planning group will recommend the studio size, ceiling height, location in rela-
tion to other facilities, and budget. He will be the most important single influence in
deciding the lighting-suspension svstem, the lighting-control system, and the lighting-
fixture complement. He will advise management of the latest developments in these
areas and examine the econowmics of the newer, more advanced systems.

1 Not always possible.
6-72



Studio Lighting for Monochrome and Color Television 6-73

LIGHTING FACILITIES FOR A TV STUDIO

Let us analyze some of the requirements for lighting facilities for a TV stndic. The
atm is to provide proper lighting facilities for the telecast of a high-quality picturc
with an optimum signal-to-noise ratio in 4 minimum amount of setup time with limited
personnel. To do this, the following rccommendations are made based on the use of
the image-orthicon tube type 5820 and monochrome-broadeast operations.  Additional
information is provided to plan for future or immediate color broadeast using the tvpe
1854 tube. When costs are cited, they are far average budget consideration and will
vary in different labor and freight areas.

Where the phrase “stucio area” is used, it is defined as “useful set area,” or any
part of the studio which can be used to televise from. Generally speaking, this is the
complete studio floor.

In plamming the lighting facilities for the TV studio, the designers must

1. Provide a safe and rapid means ol encrgizing the lighting instruments and con-

trolling them

a. By installing ample wiring devices, outlets, and feeders and locating them
properly

b. By providing a properly designed lighting-control center for grouping and
dimming lights

2. Specify equipment that is reliable, easily installed and moved

a. To assure dependable operation
b. To keep maintenance and time-consuming improvisations to a mininium
¢. To obtain the most favorable casnalty, compensation, and fire insurance rate
3. Fixtares should be specified that are
a. Lightweight for easy handling yet durable to withstand the handling
b. Easily adjusted, repositioned, and focused
¢. Safely constructed and wired
d. Adequate in number
e. Equipped with accessaries such as barn doors, diffusers, ete., designed for the
fixtures
Able to provide maximum light effectiveness per dolar invested
4, Lwhtmg control center spemﬁed should be
a. Of sufficient capacity to handle the complete studio-lighting system including
patching and dimming
b. Designed to provide maximum flexibility with a minimum of operations per-
sonnel
¢. Safely coustructed and wired

SUSPENSION SYSTEMS

Today’s lighting practice dictates that, if possible, all lighting equipment should be
mounted overhead (Fig. 3-1). This is necessary to permit freedom of camera move-
ment for the multiple cameras used in the average set. From this requirement de-
veloped a number of different mounting systems.

The most universal method of mounting lighting equipment is to clamp the fixtures
to 13- or 1%4-in. pipe battens running across the studio. The battens are generally
4 to 6 ft apart. Two additional back-light rails are mounted about 3 ft from the walls,
which are at right angles to the main hattens (Fig. 3-2}.

The pipes should be mounted from the ceiling by chain and S hooks to permit some
flexibility as to height adjustment between 12 and 16 ft from the floor level.

Many studios have installed counterweight systems (Figs. 3-3a and b) to permit rapid
and easy raising and lowering of lights in groups or to permit rapid change of equip-
ment. Lateral movement of lights is also facilitated, since the equipment is made easily
accessible.  Studios having counterweight svstems ¢laim that they have paid for them-
selves in a few vears in labor saved and in improved picture quality, Improved picture
quality results from the ease of putting a key (or other) light exactly where required.
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PIPE BATTEN-FIXED
OR ADJUSTABLE

FLEXIBLE CABLE~TO
FEED CONNECTOR
STRIPS

SQUARE DUCT {BY
OTHERS) TO FEED
CONNECTOR STRIPS
CONNECTOR STRIP

.
~

KEY LIGHT FRESNEL

BACK LIGHT FRESNEL
SCOOP ON LITELIFT

PATCH PANEL AND
DIMMER BANK

WALL POCKETS

CENTURY LIGHTING INC

Fig. 3-1. Studic with pipe suspension system.
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Fic. 3-2. Typical layout for 40- by 60-ft TV color studio.
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A few studios have installed motor-operated pipe grids. This system is expensive, but
in high-labor-cost areas of extensive studio use, it has proved economical.

Some large studios in New York and Hollywood have installed a complete over-
head catwalk system. The lights are set, focused, and serviced from the catwalk.
This system, used in conjunction with slide poles, practically eliminates the need for
ladders. This is the most expensive suspension system.

Another system gaining in popularity is the mobilrail system (Figs. 3-4a, b, and ¢).
Mobilrail is a system of utilizing pairs of tracks approximately 6 ft apart running across
the studio. By the use of double-roller carriers, additional floating mobilrail tracks 12 ft
long are carried at right angles to the main tracks. The floating rails can thereby be

Fic. 3-3a. WRGB-TV. Shouwing counterweighted pipe batten in lowered position.

moved forward and back along the fixed rails. The lighting instruments are in turn
mounted on single carriers which run on the floating rails. This permits complete
horizontal movement of all lighting instruments singly or in groups. This system when
used in conjunction with pantograph light lifts is one of the most flexible available.
The price of the moDbilrail system is about $1.25 per square foot of studio area. Coun-
terweights cost approximately $250 to $325 per set of lines installed.

All lighting instruments should be camied from the suspension system by panto-
graph light lifts (Fig. 3-5). The light lifts permit height setting of the lighting
instruments from the floor ( by the action of negator springs).

When planning for color, the pipes should be mounted closer together than 6 ft
(generally 4 to 3 ft). A higher percentage of light lifts should be provided to permit
a greater amount of flat light.

ELECTRICAL DISTRIBUTION

We now have the lights up off the ground. The most usual system for providing
current to the lights is the connector strip {or wireway) method (Fig. 3-6). A sheet-
steel wireway with pigtail connectors is mounted onto the pipe batten. The pigtails
are evenly spaced along the connector strip. The connector strip is held above the
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pipe batten by brackets so that the lights can still be clamped onto the pipe and the
unit plugged into the pigtail connector. At one end of the strip a terminal box is
provided. From this terminal box multiconductor flexible cable is carried to a square
duct. The duct in turn carries the connection back to the patch panel or lighting-
control center. A separate two-wire 20-amp circuit should be carried back from each
pigtail connector to the lighting-control center. For safety, it js recommended that
grounded pigtail connectors and lighting units be used. Some studios carry a ground
wire throughout their entire electrical system.

Fic. 3-4a. WPST-TV. Showing mobilrail system in use.

Connector strips should be laid out to provide one outlet for every 14 to 20 sq ft
of studio space. This means that if pipe battens are used on 5-ft centers, pigtails
should be spaced 3 or 4 ft apart. When provisions are made for color broadcast, the
area for each outlet should be closer to the 14-ft spacing. In addition to this approxi-
mately one outlet in five or six should be a 50-amp circuit.

In addition to the overhead outlets, some provision must be made for floor units.
General practice is to provide one duplex 20-amp wall receptacle for everv 20 to 40
running feet of wall. Also provide half as many wall receptacles with a single 50-amp
receptacle. This will take care of rear screen projectors, follow spots, wall and table
lamps, fireplace, and other effects and provide current for the occasional floor spot or
scoop when required. These receptacles should be provided with the same connectors
as the overhead connector strips. For color telecast make all the wall outlets 50 amp.

LIGHTING-LOAD REQUIREMENTS

Note that although one 20-amp outlet is provided every 14 to 20 sq ft of studio
space, the load requirement is not 120 to 170 watts/sq ft. Some of the outlets will
feed 500-watt fresnels, some 730-watt scoops, and some will not be in use at all on
many occasions. The recommended lighting-load requirement is 25 watts/sq ft of
studio area. This value will provide suflicient current for a quality picture with a
minimum fixture movement.
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“CURTAIN RAIL
T BACKLIGHT RAIL
*\\,.\\'\MOVABLE MOBILRAIL

= - CONNECTOR STRIP
T TO FEED UNITS

™~ “KEY LIGHT
T FRESNELS

. —_
\\\\
‘\~, \\,
T~.__ TBACKLIGHT FRESNEL
D PANEL BOARD T -SCO0P ON LITELIFT

TS FIXED MOBILRAIL

CENTURY LIGHTING INC

Fic. 3-4c, Typical maobilrail lavout for a small TV studio.

In figuring the feeder requirements, use 25 watts/sq ft.
The minimum diversity factor to consider would be 80 per
cent, Many engineers firure 100 per cent utilization. In
the design of the air-conditioning system, a diversity factor
of 50 to 60 per cent is used. Most engineers use 50 per
cent or 12.5 watts/sq ft. This figure seems to satisty most
Factors of good engincering practiee, economics, and actor
comfort,

1n the design for color, provisions must be made for 80
to 100 watts/sq ft. The same factors for feceder utili-
zation and air-conditioning apply: 80 to 100 per cent
feeder utilization and 40 to 50 watls/sq ft for air-con-
ditioning.

BUDGET

Listed in Table 3-1 are two typical schedules of con-
nector strips and lighting equipment for monochrome and
color.  Scheduled is a 25- by 40-ft and a 40- by 60-ft
studio.

Fic. 3-3. Pantograph or
light lift,

Table 3-1. Cost Estimate for Lighting Equipment

Description Monochrome Color Monochrome Color

25 by 40 # 40 by 60 ft
Connector strips and wall receptacles ...  $1,400 § 1,600 $ 3,500 $ 3,900
Lighting instruments and accessories ...  $3,400 $ 3,100 % 6,700 $10,500
Patch panel ... ... .. ... L, $1,900 5 2,100 $ 4,000 $ 4,500
Dimmer bank ... . L. 1,200 S 2,000 $ 2,000 $ 3,700

Electronic dimming with presetting . ...  $8,000 él4,000 $14,000 $20,000



6-80 Studio Facilities

pucT—1 " ™ riiine

i

) i)

f CONNECTOR STRIP i
TERMINAL BOX

TERMINAL STRIP

CONNECT
AT DUCT

CABLE CLAMP

PIPE BATTEN\

20 A 20 A S50 A 20 A.,>/20 A
GROUNDED PIGTAIL QUTLETS

SPECIAL MULTICONDUCTOR
CABLE CONTAINING 3 #6
AND 8 #f2 WIRES

+ 71 [
S | i
PN AN
p ; 5
i | [
: |
' i WIREWAY
i f 4"x 4"
f,l |
! ' ! CABLE
«——PULL BOX 8'L X 4"W X 6D

Fi6. 3-6. Typical detail of connector strip installation.

Table 3-2. Electrical System for a 25- by 40-ft Studio ®

(1,000 sq ft of studio area, 56 overhead and 7 wall circuits, 17.9 sq ft per overhead circuit)

Quantity
Bluck and
Description white Color

20-ft connector strip: seven 3-ft pigtails, each with 20-amp capacity,

terminating in three-pole, female pin connectors .. .. .. ... 8
20-ft connector strip: seven 3-ft pigtails, six with 20- and one w1th 50-

amp capacity, terminating in threc-pole female pin connectors . . ... 8

Note: Above type numbers refer to a three-wire, grounded system. To
specify a two-wire, ungrounded system, change the type number from the
63 to the G2 series.
Wall receptacle: double 20-amp three-pole pin connector ............ 3 3
Wall receptable: single 50-amp three-pole pine connector ............ 1 1
{Nos. 3046 and 3048 for equivalent two-pole units)
Cyclorama rail: aluminum 1-beam rail with snspension straps and 93 ball-

bearing rollers and curtain hooks, ft .. ... ... ... ... .. ..., 93 93
Switchboard: 72 load, circuit-breaker control panel (62- to 20- and 10- to

BO-amp circuits) .. ... ... 1 1
Switchboard: patch panel with 72 load cords (62- to 20- and 10- to

S0-ampP) .. e 1 1
39 control jacks, six group m'tster preset sw:tches Plus:
Dimmer bank: three 6-kw transformer interlocking dimmers, one master

interlocking handle, three 50-amp primary breaker switches .. .. .. .. 1
Dimmer bank: six 6-kw transformer interlocking dimmers, one master

interlocking handle, six 50-amp primary breaker switches .. . ... .. 1

® For information and priccs about more advanced lighting control systems, refer to the
separate heading entitled Control Systems,
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Table 3-3. Egquipment List for a 25- by 40-ft Studio

{Load power, watts/sq ft. Monochrome: 31. Color: 107)

Description

3-in. 75- to 130-watt fresnmelite .. .. . ... ... . ... L.
Two-way barn door for No. 523 . ... .. e
6-in. 250- to 750-watt fresnelite .. .. .. ..... .. ... .. o
Four-way barn door for No. 520 ... .. ... .. .. . ..... .. R
8-in. 1,000- to 1,500-watt fresnelite . . ... .. e
Four-way barn door for No. 326 ... .. .. ... ... ... ... ......
8-in. 1,000- to 2,000-watt fresnelite - . ... ... ... ... .. .. ... .
Four-way barn door for No. 371 . .. .. .. .. .. e
12-in. 1,000- to 2,000-watt fresnelite A, P
Four-way barn door for No. 372 . ... . ... .. .. ... ... ... ...
16-in. 5,000-watt fresnelite . .. .. . .. .. ... ... ... ... ...
Four-way barn door for No. 376 .. .. .
18-in. 750- to 2,000-watt scoop ... ...... R e
18-in. diffuser frame for Neo. 1318 . . ... . ... ... . ... ... ..
B-in. 250- to 750-watt pattern projector with shutters and gobo slot .. ..
Gobo holder for above . ... ... . e
Gobo slides for above —6/set . ....... ... .. ... . ... ... . .........
8-in. 1,000- to 2,000-watt pattern projector with shuttc1.s aud gobo slot . .
Gobo holder for above . ... ... ... ... ... e
Gobo slide for above —6/set T ..
6-in. 1,500-watt follow spot .. ... ... ... .. .
6-ft striplight, 12-lamp unit wlth a 3- ft pxgtall and thlee pnle nnle pin

connector .. ... .
6-ft striplight, 12-lamp unit on three urcmts w1th three pigtails at each

end .. PR
12-ft extensmn hght hft support 12 to 15 1b . .
18-ft jumper, 12/3 cable, 20-amp pin connectors L
24-in. three-legged castered stand, 5- to 8-ft extension .. ...... . .
25-ft jumper, 12/3 cable, 20-amp pin connectors .. ................

Table 3-4. Electrical System for a 40- by 60-ft Studio *

(2,400 sq ft of studio area, 144 overhead and 9 wall circuits, 16.6 sq ft

per overhead circuits)

Desceription
18-ft connector strip: five 3-ft pigtails, each with 20-amp capacity, ter-
miuating in three-pole, female pin connectors .. ... ... ... .......
18-ft connector strip: five 3-ft pigtails, four with 20- and one with 50-amp
capacity, terminating in three-pole feinale pin connectors . ... ... .

Note: Above tvpe numbers refer to a three-wire, grounded system.
To specify a two-wire ungrounded system, change the type number from
the 63 to the 62 series.

Wall receptacle: double 20-amp three-pole pin conneetor ......... ...

Wall receptacle: single 50-amp three-pole pin connector ... ........ ..

(Nos. 3046 and 3048 for equivalent two-pole units)

Cyclorama rail: aluminum 1-beam rail with suspension straps and 148
ball-bearing rollers and curtain hooks, ft .. ... ... ... .. ... ... ... .

6-81
Quantity
Black and
white Color
3 3
3 3
18 6
10 3
6
4
16
8
4
2
2
2
15 18
15 18
3 2
3 2
3 2
1
1
1
1 1
2
2
9 12
9 12
3 3
3 3
Quantity
Black and
white Color
24
24
4 4
1 1
148 148
refer to

® For information and prices about more advanced lighting control systems,

the separate heading entitled Control Systems.
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Table 3-4. (Continued)

Quantity
Black and
white Color
Switchboard: patch panel with 153 load cords {one hundred and thirty-
four 20-amp and nineteen 50-amp), 144 control jacks, 12 3-position
sclector switches each with three 50-amp breaker switches, three sub-

master relay switches, 36 pilot lights ... ... 1 1
Dimmer bank: six &-kw transformer interlocking dmnmns, one master

interlocking handle, six 530-amp primary breaker switches .. .. . 1
Dimmer bank: twelve G-kw transformer interlocking dimmmers, one master

interlocking handle, twelve 50-amp primary b)eal\el switches .. ... ... 1

Table 3-5. Equipment List for a 40- by 60-[t Studio

(Load power, watts/sqg ft.  Monochrome: 24, color: 90)

Quantity
Black and

Description white Color
3-in. 75- to 150-watt fresnelite .. . .. ... ... ... 4 4
Two-way barn door for No. 523 . . ........_ ... . ... ... ..... 4 4
6-in. 250- to T50-watt fresnelite . ... . ..., .. .. ... ... .. ... ... 30 8
Four-way barn door for No. 520 ... ... ... ... ... .. ... .. 16 5
8-in. 1,000- to 1,5300-watt fresnelite ... .. ... ... .. o 8
Four-way barm door for No, 526 4
8-in. 1,000- to 2,000-watt fresnelite .. .. .. ... ... .. ... ... . 30
Four-way barn door for No. 871 ... ... ... ... ... ... ... .. 16
12-in. 1,000- to 2,000-watt fresnelite . ... .. ... ... .. .. .. ..... 4 9
Four-way barn door for No. 572 . ... .. ... . ... . ... ... 2 5
16-in. 5,000-watt fresnelite .. ... .. .. 4
Four-way barn door for No. 376 ... ... ... .. .. ......... T 4
18-in. 750- to 2,000-watt scoop .. ......... T, e 30 40
18-in, diffuser frame for No, 1318 . ... ... C 30 40

6-in. 250- to 750-watt pattern projector with shuttexs dl‘ld gnbo slut ..... 3 1
Gobo holder for above ... . . N 3 1
Goho slides for above —G/set . ... ... .. ... 3 1
8-in. 1,000- to 2,000-watt pattern projector with shutters and gobo slot . . 1 3
Gobo holder for above ... .. 1 3
Gobo slide for above —G/set . ... ... ... . .. . ... ... ... 1 3
G-in. 1,500-watt follow spot .. .. ... .. ... 1

12-in. 3,000-watt follow spot ... ... ... ... ... .. 1

6-ft striplite, 12-lamp unit on three cucmts w1th three pwtalls at deh

end ... 4
6-ft shlphte, 17-1'11111) unlt w:th a .‘3 ft 1)1gtq11 and three-pole 20-amp pln

COMNCCLOr . . . . . 4
12-ft extension light lift, support 12 to 151 ........ ... .... .. . 15 20
18-ft jumper, 12/3 cable, 20-amp pin connectors . . .. .............. 15 20
24-in. threc-legged castered stand, 5- to 8-ft extension ... ....... .... 6 6

25-ft jumper, 12/3 cable, 20-amp pin connectors

LIGHTING CONTROL

In TV-studio-lighting practice, the multiplicity of scenes and fluidity of light move-
ment require an ever-increasing number of lighting units and in turn an inereasing
number of dimmer-control circuits. The producer, director, and viewer are demand-
ing and getting a more artistic lighting result. The planning groups are putting
more modern control tools in the hands of the operating personnel. The lighting
director and engineers are utilizing these facilities and are asking for more dinmmers.

To achieve superior professional and artistic results as well as to get a competitive
sales advantage, many studios use electronic control hoards in their lighting systems.
These boards include multiscene electronic dimming systems with on-oFF and intensity
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memory and scene-to-scene fading. The savings in setup and rehearsal time together
with the superior results warrant the consideration and use of these systems.

This emphasizes the importance of the lighting-control center. A simplified sys-
tem must be provided for normal operations. Yet it must be flexible enough and
advanced enough to provide artistic results and handle complicated shows. The
lighting-control center has been called “the heart of the art.”

This arca of the facility requires careful study. Here one can spend $5 per load
circuit for a circuit-breaker panel or $125 per load circuit for a multiscene preset
electronic, magnetic amplifier or silicon-controlled rectifier control board. Fully
automatic punch-card systems are now available at a cost of about 20 per cent over
that of a 10-scene preset board in a large svstem.

Fic. 3-7. Patch panel with retractable cords.

The lighting-control center should be designed so that maximum control can be
exercised. Every light should be controlled singly or together with any other light
or group of lights, and each light and cach group should be adjustable to varying
intensities desired by the lighting dircctor.  Lights should be able to be preset as
to on-oFr and intensity. Ultimately they should be able to be preset as to color,
direction, and even movement. The industry still has far to go toward expanding
yet simplifying the light-control center.

The importance of dimmers should not be underrated. They are essential for
balaricing light composition. Dimmers are useful in handling subtle time changes
during a scene. Dimmers are important to increase or decrease light intensities in
certain areas of a set to heighten dramatic intensity. They permit slow “bringing
in” of set areas or people. Silhouette effects are artistically handled with dimmers.
Many other special and intricate cffects arc accomplished with dimmers.
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Since each lighting unit comes to the lighting-control center as a single circuit,
some means of grouping lights by set area and function should be provided. Where

Fic. 3-8. Wall-mounted patch
panel.

circuit-breaker switches alone are used in a small
studio, generally no means of grouping is provided.
In a larger studio, breakers may be grouped and
mastered. The most common system of grouping
is the patch panel with retractable cords. In this
system, each load circuit is represented by a cord
and plug (similar to a telephone switchboard).
Then four or six female receptacles are grouped to-
gether and controlled by dimmers or nondim con-
tactors. A modified version of this is the wall-
mounted nonretractable patch panel (Fig. 3-8).
Another popular means of grouping lights is the
rotary-switch panel. Here, each load cireuit is
represented by a rotary switch. The load can then
be grouped into any one of 12 or 24 dimmer or
nondim circuits.

When circuit-breaker panels are provided, they
should be located on the studio floor along a wall
which will not be covered by scenery or within
camera view. When a patch panel is used, it
should be located on the studio floor for speed in
setting and grouping lights during rehearsal. Tt is
desirable to have a remotely located contactor panel
to control the main control groups, i.e., one for
each dimmer and one for each nondim section.
One control station for the contactors should be
placed at the dimmer board. A second station
should be located in the control room. This way,

during rehearsal, the patching and dimmer settings can be made by the electrician
on the studio floor. During the show, if no changes in setup are required, the switch-

Fic. 3-9. Autotransformer dimmer board.
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ing of lighting groups can be accomplished from the control room. The most
commonly used dimmers are the 6,000-watt autotransformer (Fig. 3-9), the all-
electronic thyratron tube (Fig. 3-10), and the magnetic amplifier (Fig. 3-11a). The
autotransformer is a durable, efficient unit. It is generally provided with a mechani-
cal-interlock handle. No presetting or memory is included. Contactors can be pro-
vided for remote on-off control. Generally one 6,000-watt dimmer is provided for
each 6 to 10 lighting-load circuits.

Fic. 3-10. Tube bank of thyratron dimmers.

The thyratron tube sparked the acceptance of the multiscene preset lighting-
control board (Fig. 3-12). Ten-scene preset boards are in use in studios of all the
major networks. They permit the operator always to be nine “light scenes” ahead
of the action on camera. The lights are preset as to on-orF and intensity. Complete
setup of lights can be instantly switched or slowly and subtly changed by the move-
ment of one handle. Loading ratio of the tube is infinite (within its rated capacity),
response is instantaneous, cross fading is linear, and maintenance excellent.

The magnetic amplifier also lends itself to presetting and remote operation. It is
available in many capacities and has long life.

The silicon-controlled rectifier dimmer (Fig. 11D and ¢) is the newest member of
the electronic dimmer group. When utilized as the heart of the dimmer circuit, the
dimmer becomes small in size, light in weight, high in efficiency, cool in operation,
and moderate in price. It will make obsolete the magnetic amplifier and thyratron-
tube dimmer. The silicon-controlled rectifier dimmer is available in capacities of
2,500, 4,000, and 5,000 watts. 1t will soon be available in 6,000-, 8,000-, and 10,000-
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Fic. 3-11a. Magnetic

watt capacities.

As production of the rectifier increases, the

Studio Facilities

amplifier dimmer bank.

price will decrease.

It is hoped that the price will one day compete with the autotransformer dimmer.

Fic. 3-11b. Silicon-controlled rectifier dim-

mer.

A great step forward in the automation
of TV lighting is the Century Lighting
development of “Punch” (Fig. 3-11d),
the first all-automatic infinite preset sys-
tem for control of light intensities. This
system permits the lighting director to
adjust the light intensities for each
“scene,” then automatically record them
on a punch card. When the show is
completely lighted, the cards are stacked
in rotation and the operator fades or
switches from ome light scene to the
next at any desired speed. The cards
are fed into the binary memory system
automatically.

Provisions are made to “override” the
memory, skip cards, duplicate cards, black
out, and repeat cue. This system com-
pletely eliminates all mechanical opera-

tions with the exception of setting up the proper lighting conditions for each scene or
preset and the timing of each change or fade. This system allows more time for artistic
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perfection by providing more time during . =
rehearsal for the proper setting of light and
gives more “stage” time to the actors and
director. “Punch” can be used with thyra-
tron-tube dimmers, magnetic ampliﬁers, or
silicon-controlled rectifier dimmers,

When preset memory systems for on-off
control are provided, the control console
can be placed in the control room, and the
memory bank and the circuit breaker and
contactor panels can be placed in any ad-
jacent off-studio space. They should be
sound-isolated from the studio.

When multiscene preset boards incor-
porating thyratron tubes, magnetic ampli-
fiers, or silicon-controlled rectifiers are
used, the light circuits go back to a patch
panel located on the studio floor (or in a
large studio on a balcony). The dimmers
are located remotely. The control con-
sole and preset panel can be located in
any convenient location, i.e., control room,
etc.

BUDGET PRICES FOR LIGHTING-
CONTROL SYSTEMS

Note that these prices vary widely
because of variations in size of systems, Fic. 3-llc.  Silicon-controlled rectifier
special features, and personal preferences — dimmer bank.
of the designing engincers. They can be
used as a gunide. When designing for a particular studio, equipment manufacturers
should be called in for more exact prices and recommendations.

CARD PUNCHER &8

CARD READOUT -

Fic. 3-11d. Fully antomatic infinite preset system for controlling light intensities.



6-88 Studio Facilities

Circuit-breaker panel . . .. ... ... . ... e $5-$8 per circuit
Pateh pams], wo- dimivers: oz e Ve e L wh e d dalare .. $20-3%40 per circuit
Rotary-switch panel, no dimmers .. .................. $40~-360 per circuit

6,000-watt autotransformer dimmers mounted in a system: . $250-3350 per circuit
10-scene preset dimmer board with 6,000-watt thyratron
tubes, or 5,000-watt silicon-controlled rectifiers including

patch panel . . $700—$900 per dimmer crt.
10-scene preset dlmmer bomd w1th 6 -‘300-watt magnetlc
amplifier dimmers including patch panel .. ... ... ... . $750—$950 per dimmer crt.

2-scene preset dimmer board with 5,000-watt thyratron

tube, 5,000-watt silicon-controlled rectifiers, or 6,300-

watt magnetic amplifier dimmers .. ... ......... ... $350—-8450 per dimmer
5-scene selector ON-OFF memory system . ............. $80-$100 per load circuit

S TLLILLLELLY i
et nmu"
mn(l‘ﬁ

Wsmrmm!
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Fic. 3-12. 10-scene C-1 all-electronic control board.

Fully automatic infinite preset systems add 20 per cent to the cost of a large 10-
scene preset system.

In some of the existing major studios, the complexity of the lighting is such that
the dim and no-dim circuits are all in use and an operator is required to replug the
patch panel during the show. To eliminate the need to replug, present reloading
facilities have been designed by CBS Television and Century Lighting, Inc., by the
use of mercury relays and programming boards.

Dimmers are receiving greater use in color-TV lighting work than in monochrome
use. This is partially due to the selection of the top lighting directors (they are
generally also the more artistic) to handle the color shows. Another factor is that
the added cost of dimmers is small in relation to the over-all cost of the facility.
Dimmers are good insurance for a quality picture.

TV LIGHTING PRACTICE

Rudy Bretz in his book “Techniques of Television Production” clearly points out
the objectives which should always be kept in mind by lighting and engineering per-
sonnel. They call for understanding and cooperation among engineers, scenic de-
signers, lighting directors, directors, and producers.

Directors have been learning about f stops, brightness contrasts, key lights, etc.,
to control the dramatic effect of the picture desired. For instance, if an actor is
“shot” with a dark background and then the camera angle is switched to a light
background, the actor’s face will suddenly go dark as the contrast between his face
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and the background changes. Tt is almost impossible and generally impractical to
correct with lights the shift in contrast. The knowledgeable director will try to keep
his camera angles such as to get similar background brightness. His familiarity with
the possibilities and limitations of lighting facilities will help him to avoid demanding
the impossible. One of the finest procedures ever published to give direction to the
new lighting director appears in “Television Broadcasting” by Howard A. Chinn of
CBS Television Network, published by McGraw-Hill Book Company, ITnc.  We abstract
here “General Lighting Technigues and Procedures™ by permission of the author.

GENERAL LIGHTING TECHNIQUES AND PROCEDURES
FOR MONOCHROME, OPERATION

Lighting Practice 1. The standard lighting procedure should be (a) to cstablish
first a uniform over-all base light which will ensure proper camera-operating condi-
tions for technically good-quality pictures and (&) then to add carefully balanced
effects light to obtain the desired artistic results.

Lighting Practice 2. Base light shonld be obtained from large-area diffuse sources
arranged to produce a uniform illumination level throughout the set and from the
viewpoint of all camera angles. The lighting-levels requirements will depend upon
the camera tube, For example, with a type 5820 image-orthicon camera tube, a
lighting intensity of 75 & 10 lumens/sq ft, measured in a horizontal plane, is usnally
satisfactory. The vertical light intensity should be less than (1% to 1 times) the
horizontal intensity.

Lighting Practice 3. To provide depth, to separate objects, and to add artistic
interest to a picture, several tvpes of effects lights should be added to the base light,
Effects light may include key light, back light, modeling light, eye light, and special-
effects hght. In general these are best supplied from directional sources (usually
incandescent) which can be conveniently adjusted in intensity, character, and cover-
age. Initial adjustments may be made with the aid of a photoeell meter but final
judgments should be made on a picture inonitor.

Lighting Practice 4. Back light should be directed from the lowest possible rear
angle with intensity between 1 and 133 times the base-light level. The light meter
should be pointed toward the source of back light for this measurement, and all
other sources of light should be twmed off. Vertical top light is not back light and
is to be avoided.

Lighting Practice 5. Modeling light should be directed from a side-front position
and can be adjusted in intensity just to produce shadows. In general the amount of
light required will not exceed 15 to 1 times the base-light intensity.

Lighting Practice 6. Key light used to give the effect of a predominant source of
light may be from 1 to 2 times the base-light level, with any base light from the same
direction as the key light reduced accordingly.

Lighting Practice 7. Eve light can be added to brighten up a performer’s eyes
and to supplement the basc light on close-ups. A small spotlight, mounted on the
front of the camera and having an intensity of not more than % to 1 times the base
light, is useful for this application.

Lighting Practice 8. Special lighting effects, such us spotlights, moonlight, and
lights-out sequences, can be obtained by reducing the basc light to approximately
one-guarter its normal value, and any special-effects lights then adjusted to bring
the total illumination level up to 1 or 134 times the normal base-light intensity (light
meter aimed at camera positions }.

Ligbting Practice 9. FEfects light directed to backgrounds to create window and
similar shadows should not exceed 134 times the normal base light incident upon the
background in question.

Lighting Practice 10. Self-luminous ebjects or areas such as exposed lamp bulbs,
lanterns, and near lighted windows should not produce a light-meter reading in ex-
cess of 3% to 1 times the normal base-light rcading when the meter is held a few
inches from the light source and directed toward it.
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Lighting Practice 11. In monochrome transmission, incandescent light sources can
be dimmed to one-quarter normal light intensity without impairing spectral response
because of change in color temperature.

Lighting Practice 12. Lighting plans should he prepared in detail for all repeti-
tive productions to ensure reproducibility of established lighting conditions.

By carefnlly following these procedures, it is almost impossible to get a bad picture.

The following adjustments should be made for lighting for color broadcasting:
Basc light plus key light should be increased from 100 to 300 to 400 ft-c. It is also
essential that the entire background which is presented to the camera be evenly
lighted. This is more eritical in color work than in monochrome broadcast. Key
and modeling light must be used from much flatter angles to minimize shadows under
eyes, nose, and chin,

Pantographs are useful to eliminate mike boom shadow, to correct the angle of
a motivating source, ete. In actual practice, gencrally about 50 per cent of the
scoops and 40 per cent of the key lights are provided with pantographs. Pole slide
carriers are generally used in studios equipped with a catwalk,

LIGHTING ROUTINE ON THE SHOW

Generally the show is in a studio where the lighting director has worked previously.
Most of the equipment is more or less hanging in the right places owing to the
physical limitations in most plants. The

sets have to be in the same general loca-

symeoL| “COLOR PLAN tions such as along the studio walls, and
] NO. 526 8 1000-1500 W FRESNEL it follows that the cameras, actors, and
B | NO. 572 12" {000-2000 W FRESNEL|  lights will also be in approximately the

Bl | NO. 576 16" 5000 W FRESNEL same areas as in the last show.
q NO. 1315 16" 750-2500 W SCOOP The lighting director meets with the
F ’ - scenic designer, director, and producer for
B> | NO.1568 8" 1000-2000 W LEXO a script review. Notes are made as to
BLACK & WHITE PLAN mood, time of day, special effects, etc.
[ | NO. 520 6" 250-750 W FRESNEL Camera angles and mike boom locations

I | NO.526 8" 10001500 W FRESNEL are plotted. Working from the floor plan,

: the lighting director then will lay out his
[o) | NO 572 12 1000- 2000 W FRESNEL lighting plan, keeping in mind what

d NO. 1315  750-2500 W SCO0P equipment is already hung. A few lights
B> | NO.4581 TV 4'%' 250-750 W LEKO may not be accurately located until the
sets are up aud the mike booms brought

=4 o = _ in. Now the lighting director goes into

: the studio with 95 per cent of his lights
I plotted and most of them where he wants
[ them.
: Liglts are now added or shifted by the
1 clectricians.  After the sets are in place,
1 the last few lights are decided upon and
|
|
|
!

-

Lo}
©
@

© placed. Generally, the first lights set are
used by the actors as work lights. While
the actors continue their rehearsals, addi-

tional sets are being erected.
The lighting director starts lighting
wn with “key light.” This will be set at a
(\? ET D level high enough for the camera to oper-
ARIETY) e i . A . .
ate with a high signal-to-noise ratio. This
Fig. 3-13a. Layout of 1,000 sq ft area iy a departure from the old accepted prac-
TV studio. tice of starting with base light and adding
ke, ete.  (Note this change from Chinu's
procedures.) By starting with key light, the lighting director can get a more artistic
picture at lower foot-candle levels, Fill light is then added. Then pattern projectors,
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eve lights, and specials are added as required. Lights are all focused accurately, barn
doors adjusted, and minor corrections carried out.  While this is happening, the light-
ing director checks the light levels with a meter and the over-all result in the monitor,
The monitor check is the one that really counts.

The electrician generally has the responsibility for grouping the lights at the pateh
panel and dimmer board. He also provides his own cue sheet, generally in his own
fashion. On an extremcly complicated show, the lighting director may lay out the
patching and dimming control. For a color show, he will lay out the colors and
select the cinemoids hefore setting up, so the electrician can be sure to have sufli-
cient (uantitics on hand.

In lighting a simple “milk-run” show, the lighting director might not even prepare
a light plot but simply direct the hanging and focusing of lights as the sets go up
(Fig. 3-13).

CEN'TURY LIGHTING, INC. T. V. PLANNING AID

Set A, panel or small dramatic Studio Set Plans
B, dramatic D, variety Equipment List
¢, small variety. dramatic H, kitchen

F, news, interview, rcommercial G, weather, commereial

Quantity
Type Deseription Black and White Color
.4BCDEE"G/1B!(*D‘EFG
520 G-in, 230- to 750-watt fresnel 1413813 2
2570 Two-way barn door for No, 520 1 2!
2580 Four-way barn door for No. 112712111
526 8-in. 1,000~ to 1.500-watt fresnclite 3|4 | 3 (12
2571 Two-way barn door for No. 526 1 1
2581 Four-way barn door for No. 526 221211 111
571 8-in. 1,000- to 2,000-watt [resnelite 31312
2567 Two-way barn door for No.
2585 Four-way barn door for No, 371 1111
JRN (R |
372 12-in, 1,000- to 2,000-watt fresnelite 202412 31| 2
2373 T'wo-way barn door for No. 2 1
2583 Four-way barn door for No. 20212 1111
aA76 16-in. 5,000-watt fresnelite
2350 Two-wuy barn door for No. 576
2586 Four-way harn door for No. 576
1318 18-in. 750- to 2,000-watt scoop L4158 ]3[3]2 41413
3236 18-in., diffuser frame for No. 1318 44561332 1413
1542 12-in. 3-kw follow spot 11
15381TV | G-in. 230- to 750-watt pattern projec-
tor 1711 1
1557 TV | 8in. 1.000- to 2,000-watt pattern pro-
jector Ly1 )1 1
328G 12-ft extension light-lift pantograph st21373 21211 (313 /41a12,2)2
18RCC | 18-t jumper cable for No. 3286 202733 (22|13 (34532 2|2
3216 24-in. eastered, 3- to 8-[t extension [
stand ! 1|1 f(2j1{111 29201711
25RCC | 25-t¢ extension ralle | pprorfr gzl

Notes: 1. Type numbers are given for a two-wire ungrounded system.  To specify a three-wire grounded
system add G to the type munber.,

2, Portable foor stands arc used on all sets and are listed above but are not shown in the diagrams.
Additional fixtures for nse with these stands are included in above list bt arc also not shown in diagram.

Fic. 3-135. Equipment list for typical sct areas.
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There is no universal plan for setting lights in the studio so that they can be used
for all situations without being moved. There is not enough ceiling space for that,
and probably no one could afford it. However, in most studios, the majority of the
lights will remain where set from one show to the next. For instance, most of the
back lights will remain where they are, though some may have to be added where
wings are set. This generally follows with the base lights, key lights, cte.

After a show is over, the light plot, plugging plot, and cue sheets are generally
discarded, since the conditions for that show (script, director, scenic designer, light-
ing director, and studio) will almost never repeat themselves., For repeat shows, this
information is recorded and kept.

Generally, very little consideration is given to the lighting for kinescope recording.
Since live shows demand a high standard of lighting, the producer cannot afford the
compromise of the flat light most desirable for kinescope recording. The range of
video tape is well within the range of the camera tube. Therefore no special adjust-
ments have to be made for VTR,

Some additional procecdures and practices are:

1. The practical brightness contrast range for operational use is considered to be
30 or 40 to 1 even though “the book™ says 20 to 1; f stops between -8 and f-16 are
generally used. This gives good depth of focus. As the f stop is decreased, depth of
focus decreases and the background loses sharpness. As the f stop is decreased,
lower light levels should be used. Put differently, where only low levels of light are
available, reduce the f stop, being careful to remember that depth of focus will also
be reduced.

2, When more light is required on an actor’s face, it is simpler to reduce the in-
tensity of the background. This will improve the contrast between the actor and the
background and create the same effect as more light.

3. Whenever foot-candle levels are given, they are for incident light, i.e., with the
light meter turned toward the camera tube.

4. Lighting adjustments should normally be checked with the video-control oper-
ator. Often carefully created lighting effects are nullified by a video shader who is
unaware of what a production crew is attempting to create, Coordination between
production and video personnel saves considerable time and often results in otherwise
unobtainable effects.

5. Barn doors should be used on all back and side lights to prevent glarc into the
camera lens. Lens hoods are essential for complete camera mobility without the
danger of lens flare.

6. Pattern projectors arve often used to make unnoticed a difficult mike hoom or
subject shadow.

7. Endeavor to keep the subjects as far away from the background as space per-
mits. This reduces shadows on backgrounds and aids the back lights to provide
desired depth to the picture.

8. Specific personnel should be responsible for lighting and lighting-facilities main-
tenance. A light meter shonld always be available.

9. Time should be allowed for the proper lighting of a show.

10. A safe inexpensive picturc can always be obtained by simply directing 100 ft-¢
of flat light on the set. However, this is a dull picture, which will tend to lose
audience interest.

Where the type 7038 vidicon tube is used, 100 ft-c must be provided for card
lighting. Where movement takes place, 200 to 300 ft-c are necessary to help over-
come “lag.”

It is important to spend as much time training persormel as possible. Every
dollar spent for lighting training will come back manyfold. A definite lighting train-
ing program should be started before moving into any new studio. A continuing
educational program should be planned and kept in operation always. As new
lighting instruments and techniques become known, all operation and artistic per-
sonnel should be made aware of these developments. Good lighting technigues should
become SOP for all,
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LIGHTING INSTRUMENTS

The range of available TV lighting instruments is large and varied. Each unit
has its usefulness and is another tool in the hands of the skilled lighting director. The
tools should be mnderstood and used properly. It is
recommended that new personnel be given the oppor-
tunity to examine, light, check, and study cach type of
unit in the studio.

A description of each type of fixture follows.

The Scoop (Figs. 3-14a and b)

This wide-angle floodlight is one of the two wmost
used lighting instruments in TV. The other is the
fresnel. It is used for base and fill light. The scoop
provides a great deal of soft diffuse light in a wide
beam from a lightweight compact instrument (Fig.
3-14a). The fnish is mnatte-finish Alzak.  Accessories
include glass cloth diflusers, clunps, cinemoid color
media, and light lifts.

Scoop sizes and wattages are:

Inches Watts
10 250-400
14 300-500
16 750-1,000-1,500-2,000-2,500 Fie. 3-14a. 18-in. 750- to
18 750-1,000-1,500-2,000-2.500 2,500-waltt scoop.

The 2,500-watt lamp tends to overheat the unit and is not recommended except
for short periods of time.

For monochrome broadcasting, the 1,000-watt lamp is most often used. In studios
with very high pipes sometimes 1,500-watt lamps are in-
stalled. In color telecasting, the 1,300- and 2,000-watt
lamps are used.

The Fresnel (Figs. 3-13a, b, and c¢)

The second most used unit in TV is the fresnel spotlight,
Gradually this versatile unit is becoming the most impor-
tant single lighting instrument. The fresnel provides a
variable focus or beam spread. The field is smooth, even,
and soft edged. The fresnel on flood focns is the most
efficient of all the spotlights (Fig. 3-150). It is available
in a large variety of sizes and wattages as listed below.
Accessories include barn doors, diffusing screens, cookies,
color media, and light lifts.

A variety of lenses are available for wide-angle or narrow-beam distribution. Rec-
tangular beam spreads are available.

Units are manufactured with rear access for velamping without disturbing barn-
door setting.

Some units are equipped with “pole-op” provisions so that the fresnels can be
“spotted-down” or “flooded” from the floor. “Sticky-joint” units are available which
can be tilted and panned from the Hoor.

The units being offered for sale today by the major manufacturers have been
specifically designed for TV use. The lenses have black ceramic risers to reduce

Fiz. 3-14b.  Opties of
the scoop.
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spill light. They have been designed to give specific distributions and to work effec-
tively with barn boors.

Century Lighting has designed a system for remote-control operation ( Fig. 3-15¢).
This system includes remote control raise-lower, pan, tilt, spot-flood, and mechanical
bright-dim. The system is expensive, and it is difficult to justify the cost of installa-
tion. However, in areas of high rent, high labor cost, and intensive studio nse, this
system can justify its cost.

\ﬁ
T
L B
Fig. 3-15a. 12-in. 1,000- to Fi1c. 3-15b. Optics of the fresnel spot.

2,000-watt fresnel with “pole-
op,” rear access, “‘sticky-joint.”

In black-and-white broadcasts, the 6-in. 500-watt unit is generally uscd for back
light, with the 6-in. 750-watt and 8-in. 1,000-watt units doing the key lighting.

When telecasting in color, the back lights are generally the 8-in. 1,000- to 2,000-
watt units with 1,000-watt lamps. For key lighting, the 8- and 12-in. 1,000- to
2,000-watt units are necessary with some 16-in. 5,000-watt units used for high key.

Lens, in. Wattage Beam spreads, deg
3 75-100-125-150 15-40
6 250-500-750 15-60
8 1,000-1,500 15-45
8 1,000-2,000 15-60
10 1,000-2,000 15-60
12 1,000-2,000 15-70
14 3,000-5,000 15-43
16 3,000-5,000 15-70
20 10,000 15-60

The 6-, 8-, 12-, and 14-in. units are also available with lenses which give a rec-
tangular soft-edge distribution,
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Fic. 3-15¢. Remote-control fresnel.
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Pattern Projectors {Lekos) (Figs. 3-16a, b, and ¢)

This ellipsoidal reflector spotlight (Fig. 3-16a) has built-in framing shutters for
giving rectilinear shapes to a round bcam. A built-in gobo slot permits the use of

Fic. 3-16b. Opties for the pattern pro-
jector.

Fig. 3-16a4. 6-in. 750-watt pattern pro- Fi1c. 3-16c.  Gobos for insertion in pattern
jector IL.eko. projectors.

a wide wvariety of pattern effects (Fig. 3-16¢) to be projected onto a background.
The efficiency is as high as 40 per cent. The beam edge can be hard or soft depend-
ing on whether the lens is in or out of focus.

Pattern projectors are also used as slash lights and for projecting circles, squares
or rectangles on floors or walls.

The 6-in. 750-watt units are most used for monochrome work. The 1,000- to
2,000- and even 3,000-watt units are necessary for color work.

Lens, in. Wattage Beum spreud, deg
44 250-500 50
6 250-500-750 40
8 250-500-750 30
6 1,000-1,500-2,000 60
8 1,000-1,500-2,000 40
6 3,000 60

Reflector Lamp Banks

This unit consists of a square or rectangular sheet-metal or cast pan equipped with
4 to 12 medium screw sockets, yoke, clamp, and lead. The sockets take 150- to
300-watt reflector (R) or 130-watt projector (I’AR) lamps. These lamps have a
long (2,000-hr) life and are available in spot or floor distribution. Their low cost
and long life made them useful in early television. As the art of TV lighting ad-
vanced, a higher degree of control of distribution became necessary, and the reflector
lamp bank is disappearing in favor of scoops and fresnels. The inability to bam-door
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the bank, the inability to change the spread of the unit, and the bulk of the unit all
contributed to its demise.

Short life, high-output 375-watt photoflood lamps are sometimes used for a very
short scenc where little or no space is available. They are sometimes used on re-
motes. A word of caution is appropriate to their use. When the filament fails, it
sometimes strikes the glass lamp jacket and causes it to shatter. Therefore, if photo-
flood lamps are used, a protective screen should be used in front of them. Some
studios discard them after they have burned for 4 hr of their rated 6-hr life.

The Follow Spot (Fig. 3-17)

For variety shows, the follow spot still retains a certain dramatic quality that is
irreplaceable. Arc lights have been used until very recently. Their disadvantage has
been color and flicker. Recently 3,000- and 5,000-watt {Fig. 3-17) narrow-beam

Fic. 3-17. 3,000-watt tollow spot.

high-intensity follow spots were placed on the market. These are replacing the arc
for network variety shows. The units have built-in iris, shutters, blowers, stands, and
“cherus line” spread lenses. For black-and-white shows the 5-in. 1,500-watt unit is
popular. Sizes and wattages are:

Inches Wattage
8 730
5 1,500
6 1,000
8 1,000-1,500-2,000
12 3,000
12 5,000

The Strip Light (Fig. 3-18)

The strip light is a wireway with reflectors and sockets mounted in a sheet-metal
housing. Generally the reflectors alternate between specular and matte finish, matte
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for the near throw and specular for the far projection. They are used to light eves,
backings, windows, ete.

Fic. 3-18, Strip light with specular-finish reflectors.

The Punch Scoop

This unit has the same general characteristics as the scoop, except that it has a
narrower beam of higher intensity. The beam spread can be varied slightly. In
theatre studios, the punch scoop is used on the balcony front. The new larger unit
is finding many specialized uses in color-television work. Punch-scoop sizes and
wattages are 14-in., 750- to 1,000-watt size and 30-in., 3,000- to 5,000-wutt size hot
spot. The beam spread is 40° in spot focus and 100° in flood focus.

The Rear Screen Projector

This is an effective instrnment for projecting scenic effects on a background. Placed
behind a translucent screen, it throws the image of a slide on the screen. Care must
be taken to keep the foreground lighting at as low a level as possible. Light falling
on the screen should be kept to a practical minimum.

Rear screen projectors are available in wattages of 2,000, 2,100, 3,000, and 5,000.
The one most frequently used is the 2,100-watt 60-volt unit. Many are equipped
with magazine loading for 70 slides or drum loading for 5 slides. The RF’s deliver
between 4,000 and 6,000 screen lumens. Some studios have used carbon-are RPs.
These units, because of the point light source and high amperage, deliver sharp
resolution and a high guantity of light to the scene. The color should be filtered for
color-television use. The size, noise, and opevation problems limit the popularity of
the arc. For motion-picture clips, the arc is very popular.

The maximum effective spread for RP’s is 8 ft in a 10-ft throw. Century Lighting
has developed a 5,000-watt unit that gives a 15-ft spread in a 10-ft throw but has
some distortion in the corncrs.

The Fluorescent Bank

The fluorescent bank, so popular in the carlier days of television, is gradually dis-
appearing from the studio. The older camera tubes required 600 to 1,000 ft-c, and
the highly efficient fluorescent lamps easily achieved these high levels.  As the tubes
became more sensitive and the art of lighting improved, the fluorescent bank became
obsolete.

Other factors leading to obsolescence of the fluorescent bank were its bulk and
consequent difficnlty of moving or adjusting the unit, the noise factor of the ballasts,
the inability to control its intensity or spread at the unit, and the inability to dim
without complicated circuitry.
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The Lighting “Igloo” or “Tent”

To light highly specular objects such as a watch, silverware, or a car, the ideal
methiod is to swrround the object with soft diffuse light and punch through with one
single high-wattage spot. The “igloo” or “tent” consists of screen, gauze, or muslin
surrounding the object.  The tent is then lighted from all sides with scoops, ctc.,
till it literally glows. One hole is cut into the tent for the camera, and onc for the
high-wattage spot. The resultant quality of light is excellent.

EQUIPMENT
Color-value Wall

A recent development in lighting is the color-value wall. This consists of a serics
of fluorescent and incandescent lamps spaced behind a translucent plastic diffusing
screeu.  The lamps are on four-color circuits and are controlled by dimmers. By
means of the additive method of color mixing, any color background can be obtained.
Also any tone or tint of white light can be mived. The color-value wall takes advan-
tage of the phenomenon of “simultaneous contrast,” and if the background color is
changed, the foreground can be made to shift. Many other uses of this unit will be
discovered as it gains wider usage.

The screen is available in sizes up to 45 by 85 ft. Lamp spacing can be as close
as 16 in. per lamp per color in a 14-in. depth.

Lamp Replacement

The practice generally is to make a quick visual check of the lamps before use.
Lamps which are dark and which look as if they have been burning for a long time
should be revlaced und discarded. For insurance, some lighting directors double-
hang all important key lights, particularly in dramatic shows.

A method of extending lamp life is to bring the lights up on the dimmer rather than
the full switch-on procedure. “Dimming-on” eliminates the initial surge of cwrent
which causes the filament to fail at its weakest spot. Most often a lamyp failure occurs
when the lamp is switched on rather than when it is burning.

To increase the amount of light available in existing studios without providing com-
pletely new facilities, some studios have devised a specialized practice. They oper-
ate 110-volt lamps on 120-volt service. This increases the light 30 per cent, de-
creases the lamp life 70 per cent, and increases the current consumption 15 per cent.
This will give a studio a 30 per cent increase i light levels and may be the method
nsed to go to color from black and white without greatly increasing studio lighting
facilities.

LIGHTING-CONTROL-SYSTEM TERMINOLOGY

Boanp: The general term applied to a control board or switchboard. The various types
are discussed in a later section of this chapter.

CownsoLE: A compact control face resembling an organ console in terms of size and
arrangement of parts, generally placed so that the operator can see the studio.

Diaaren: A means of reducing the current ar voltage in a circuit and thereby the in-
tensity of Light given off by the lamp in an instrument. It can be had in five general types:
the resistance dimmer, the autotransformer, the magnetic amplifier, electronic tube, and the
silicon-controlled rectifier. This is the most essential element in a switchboard. The din-
mer is connected in serics with the lamp, generally on the neutral side so that the current
must trace through the lamp first, although with a cross-connecting or interplugging type
of hoard it can be connected on the hot side and equipped with a discounect, or low-end,
Jimit switch.

Ex1ENDED ok Foremcy CoxrroL: A single-throw push-butten switch on the end of a
long lead which can close or open the grand master contractor pilot from a remote point.

Fapen: A means of blending a lighting effect from one set of dimmer readings to an-
other, manually or by automatic timer.
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INDEPENDENT: Auy circuit which is routed divectly from the feed past the master or
submaster so as to leave a circuit hot c¢ven when the master is thrown. This sometimes
refers also to an undinuned circuit pocket or a constant poteutial circuit.

INTERCONNECTING: The ability to connect any load circuit to any line or control circuit
by means of an interplugging or cross-conuecting apparatus permits the grouping of widely
separatcd instruments on adjacent, easily haundled controls, The ordinary portable board
is essentially of the interconnecting type. In permanent installations, a cross-connecting
panel is installed. Generally the dimmers feed vertical bus bars and the load circuits are
connected to horizontal bars which run across the face of the dimmer bars, forming a
cross grid separated by proper insulating space. The connection can be made at any
juncture by means of a plug. This is a cross-metering panel.  The simplest foruw is the
telephone-switchboard type using a jumper between the various line and load pockets.

InrtERLockING: The individual dimmer handles can be twisted to drop a plunger into a
slotted cam mounted rigidly on a shaft, which is connected solidly to the master inter-
locking handles.

Master Contror: The means for grouping a number of individual controls under a
master switch or dimmer, Most boards have submaster control for each section with mas-
ter control over each submaster. Most master switches are of the double-throw type which
permits independent operation on the upthrow and grand-master operation on the down-
throw.

PrEseET: Any switch or dimmer arrangement which permits predetermining the lightiug
effect for a following scene or scenes, previous to its usc, even while the circuit is in
operation during a scene.

By the use of a contactor switch for each individual control unit, the routing of the
current to the pilot can be controlled through any onc of five or ten master preset switches.
The same number of small toggle switches under each control unit can be thrown to de-
termine in which of the scenes the circuit will be used. This is valuable only for presenta-
tion houses, where intensity halance is not important,

Preset dimming, however, enables the operator to anticipate a number of group actions.
A fading mechanism generally blending from one hot feed to another, preset 1 to 2, can
change the light effect proportionally from one setup to another. Some circuits go up;
others go down; some remain constant with one movement. This requires a dauble- or
multiple-dimmer control for each circuit. It is primarily practical only with remotely con-
trolled dimmers where there are a number of intensity controllers associated with each
individual cireuit. This system is particularly useful in handling the complications of sunset
effects.

Eventually, it is desirable for all switchboards where a smooth flow of lighting effect is
created by more instruments than the operator can handle effectively with his two hands.

Serup: A definite interconnecting arrangement between load circuits and feed pockets.
Sometimes this is extended to include the switch arrangements and dimmer readings for
a Sceue,

PreseET PILE on: The ahilitv to add one preset on top of the other; i.e., while the
operator is in preset 4, he can add or “pile on” preset 6 {or any other preset ov presets) on
top of preset 4. The higher dimmer reading always takes over.

Pueset RELoapiNnGg: Consists of a system using mercury relays and prograinming cards
located between the muale plugs and female reccptacles in the patch pancl. This permits
intensive loading of dimmers without replugging the patch panel.

Cross-connecT MuLTirLiEns: These are devices to permit the operator to plug two load
cords into one female receptacle in the patch panel. Similar to a “two-fer.”

LANGUAGE OF LIGHTING

Hicu-key LicuTing: A type of lighting which, applied to a scene, results in a picture
having gradations falling primarily between gray and white; dark grays and blacks are
present but in very limited areas.

Low-key Lica1iNG: A type of lighting which, applied to a scene, results in a pictore
having gradations fram middle gray to black with comparatively limited areas of light
gravs and whites.

Key Lieur: The apparent principal source of directional illumination falling upon a
subject or area.

Bast LiguT: Uniform, diffuse illumination, approaching a shadowless condition, snffi-
cient for a television picture of technical acceptability and which can be supplemented by
other lighting.

FiLL LigaT: Supplementary illumination to reduce shadow or contrast range.
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Cnoss Licrr: Equal illumination in front of the subject from two directions at sub-
stantially equal and opposite angles with the optical axis of the camera and a horizontal
plane.

Back Ligar: IMumination from behind the subject in a direction substantially parallel
to a vertical plane through the optical axis of the camera.

SipE Back LienT: Illumination from behind the subject in a direction not parallel to a
vertical plane through the optical axis of the camera.

Eve Licat: Illumination on a person to produce a specular refiection from the cyes
(and teeth) without adding a significant increase in light to the subject.

Ser LiguT: Separate illumination of backgraund or set other than that provided tor
principal subjects or areas which may be composed of items 3 to 8 above.

{ Copies are available from the SMPTE.)
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The material presented in this part is essentially a review of magnetic recording
practices and the reasons for some of them. It is gathered from the many available
sources and compiled into a general guide for the operating, maintenance, and in-
stallation enginecr., While it may not answer specific questions, perhaps it will give
an over-all picture that will help the engincer determine the answer he requires.

THEORY OF MAGNETIC RECORDING

The basic theory of magnetic recording is relatively simple. A magnetic material
is moved through the field of a magnet, and the varving currents in the magnet are
recorded on the material as varving degrees of magnetization. The magnetic material
may be in the form of wire, tape, oxide-coated tape, oxide-coated discs, cylinders, etc.
This discussion will be confined to oxide-coated discs and tape.

The magnet is usually called a “head” and consists of magnetically “soft” iron struc-
tures, known as “pole picces,” wound with coils of wire through which flows the
signal current. This current generates the magnetomotive force which is conveyed
to the magnetically “hard” recording medium by the pole picces.

To reproduce the signal, the material is moved over the poles of a similar head
and the magnetic impulses in the material generate a varving voltage in the coil
which is then taised to the required level by a suitable amplifier.

The material which is magnetized consists of a nonmagnetic base which supplies
the strength and an irom oxide coating which furnishes the magnetic properties. For
tape recording, the base may be of paper, acetate, or polyester {mylar). For disc
recording, the iron oxide particles are held to an aluminum plate by a binder material.

6-103
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Bias

For the same reason that a vacuum tube must be biased for proper operation, the
recording head of a tape recorder must also be biased for operation without excessive
distortion. If the tape is biased with a steady d-c magnetic field, the audio mag-
netization will vary about this fixed point rather than zero, This is similar to a d-c
bias voltage on a tube. Although this method corrects the distortion problem, the
tape (where no signal is recorded) is left in a magnetized condition. Unfortunately,
a magnetized tape is noisier than an unmagnetized one. In fact, the signal-to-noise
ratio is degraded at least 10 db. Thercfore, d-¢ bias has become obsolete, except in
some battery-operated portable tape recorders.

To overcome this problem, it has become standard practice to use an a-c bias with
the frequency sufficiently high to avoid being recorded on the tape. This leaves the
tape in an unmaguetized condition when no audio modulation is being applied and
correspondingly quieter. This bias frequency is usually selected to be five times the
upper frequency limit of the recorder to prevent any beat between it and the har-
monics of the audio signal. This is usually called supersonic bias and is in the
60- to 100-ke range. The curent through the recording coil is always many times
as great as that of the signal being recorded. Using the correct value of bias current
is very important, for this affects the frequency response, distortion, and signal-to-
noise characteristics of the recording.

A bias value that is too low may result in high distortion and a low signal-to-noise
ratio, while too high a value causes a loss of high-frequency respouse (due to partial
erasure}. This adjustment can be readily made oun a professional machine which
has separate recording and plavback heads and amplifiers. The best adjustment is
made by recording a low-level tone in the range of 400 to 1,000 cycles and gradually
increasing the bias current to the point of maximum reproduced signal. Further in-
crease in bias will reducce the reproduced signal. The best adjustment is somewhere
between the maximum signal and the point of 1-db reduction on the higher bias side
of the curve. Machines which do not have simultaneous playback while recording
can be adjusied in a similar manner by repeated recording and playback tests.

Erase

When the usefulness of the recording is over, it is general practice to erase the
signal so that the tape or disc can be remsed. Both d-¢ and a-c methods are possible,
but the a-¢ method is almost alwavs used. In a-c erasing, the tape or disc is sub-
jected to an a-c magnetic field of decreasing intensity, caused either by an erase head
preceding the recording head or by a large magnet powered from an a-c power line.
The latter is used for the bulk erasnre of a tape in one operation.

With citber method of a-¢ erasure, it is essential that the first cycle or two be
sufficient to saturate the magnetic material for complete erasure. Thereafter, the
amplitude of the erasing field should decrcase in intensity until the magnetic medium
is at zero magnetization. When passing the tapc or disc over the erase head while
recording, it is necessary that the erase voltage variation {and resulting magnetic
field) be reasonably symmmetrical, or the tape will be left with some residual mag-
netization and the noise level increased. Many recorders have a noise-balance ad-
justment which either bualances the output of the push-pull oscillator or neuntralizes
the effects of unbalance or leakage currents.

Usually a common high-frequency oscillator supplies the current for both erase
and bias functions. Since the bias current is considerably less than the erase current,
a portion of the erase current is coupled to the recording head. Some professional
machines have metering provisions to adjust the proper erase and bias current. It is
essential that the erase current be properly adjusted before adjusting bias, since later
erase-current adjustments will affect the bias. Bius adjustments have no effect on
the erase circuit,

Further details on magnetic recording theory can be obtained from some tape-
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recorder instruction manuals and from reference books, such as “Elements of Mag-
netic Tape Recording” by N. M. Haynes.

COMPONENTS OF MAGNETIC RECORDER/REPRODUCERS

Transport Mechanism

The purpose of this unit is to move the magnetic material across the erase, record,
and reproduce heads. In a reel-to-reel mechanism this involves winding the tape
from one reel to the other, with provision for running at accelerated speeds in either
direction to provide fast-forward and rewinding. When the tape is moved in the
recording or plavback modes, the speed must be very stable to prevent flutter and
wow. The starting time should be very short to allow close cueing, and the tape
speed should be very constant to allow close timing of the program material and the
correct pitch. During all functions, the tape must be handled gently to prevent
stretching or breaking.

Reel-to-reel Type

The best known design of a reel-to-reel mechanism, which accomplishes the above
requirements, has three motors. A typical reel-to-reel machine is shown in Fig. 4-1.

Fi1c. 4-1. Reel-to-reel tape transport.  (Courtesy of Ampex Corporation.)

Two of the motors are used for supply and take-up reel control, which serves to keep
constant tension on the tape during recording or playback. A third motor, usually
of the hysteresis-synchronous type, is used to control the tape speed through the
heads. Usually the tape passes between the motor shuft and a rubber pinch roller.
To achieve fast starts, the motor should be running before the tape is started so the
motor does not start under load. To start, a solenoid-actuated pinch roller moves the
tape against the motor shaft, resulting in a very fast starting time and almost imme-
diate stability.
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For the fast-forward and rewind functions, power is removed from the pinch roller
solenoid, allowing the tape speed to be controlled by the torque motors. Power can
be varied between the two motors, by either a rheostat or switched resistors. The
tape moves in the direction (and at a rate of speed) determined by the relative power
division.

Cartridge Type

Another type of mechanism coming into general use in the broadcast field employs
a continuous loop of tape.l A typical example is shown in Fig. 4-2. It is usable

Fic. 4-2. Cartridge type of tape transport. (Courtesy of Collins Radio Company.)

where a rewinding function is not required. The tape is contained in a special car-
tridge which allows the tape to be drawn from the center of the loop. This action
causes the entire loop to turn and wind the used tape on the outer part of the loop.
Since this does not require any provisions for take-up or rewind, the transport
mechanism consists simply of the capstan motor and pinch roller,

One such machine on the market, which is known to have broadcast quality, has
cartridges available that will play from 40 sec to 45 min. There are three basic sizes
of cartridges containing from 25 to 1,700 ft of special lubricated tape. The tape
speed is 7% ips. The cueing is controlled by a tone burst which is recorded at the
beginning of the recorded information. After the recorded information is played
through, the machine is allowed to run through the remaining tape until the tone
burst is played again. This tone stops the tape travel and leaves the cartridge cued
up for the next time it is used.

Multiple-track Tape

A third type of mechanism recently introduced consists of a tape of about 13-in.
width on which over 100 tracks can be recorded. This results in a mechanical trans-
port similar to a piano roll player. This machine is shown in Fig. 4-3. The erase,
record, and playback heads are manually moved across the width of the tape to
select the proper track. The mechanism winds the length of tape from one roll to
the other. The tape speed is approximately 5% ips, with a 90-sec recording requiring
about 45 ft of tape. The particular model now on the market uses small windows
(where the oxide is removed from the tape) together with small lamps and photo-
electric cells to determine the beginning and end of the tape for automatic rewind

1 Extensively used in Europe for musical-type station ID’s.
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and cueing functions. All tracks are cued up side by side, ready for instant selection.
Other methods, such as automatic recording of control tones or silent sensing ampli-
fiers, could also control the functions.

Frc. 4-3. Multiple-tvack tape transport, (Courtesy of Gates Radio Company.)

Magnetic-disc Type

The magnetic-disc recorder (as illustrated in Fig. 4-4) is quite a different machine
but functions in a conventional manner. There is presently only one model on the
market generally known to be suitable for broadcast use. The transport mechanism
ix identical with a standard phonograph turntable or changer unit. This uses a pre-
grooved dise, coated with standard oxide, the same physical size and shape as a 45-
rpm dise. However, to get the necessary 70 sec recording time, the turntable revolves

Fic. 4-4. Magnetic-disc mechanism. (Courtesy of RCA.)
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at 33Y, rpm. The record-reproduce head is mounted in a conventional pickup arm
and is very similar to a conventional tape-recording head.

When the disc is intended for use on an automatic changer, the cueing and changer
trip functions are controlled by using a high-frequency control tone, which is re-
corded immediately hetore and after the audio signal. The unit described nses a
10-ke tane applied to the recording signal after the 10-ke audio components have heen
removed. They are generally removed by filtering earlier in the amplifier, by means
of a bridged-T notch filter, to prevent falsc operation by the audio signal.

This same hridged-T circuit is used during playback to prevent the control tone
from being fed to the program output connection. A separate amplifier, which is
frequency selective, is nsed to amplify only the control tone and operate a plate cir-
cuit relay. When the disc is being cued, the changer stops quickly (upon detection
of the 10-kc tone) at the beginning of the disc. When the tone is detected again,
it operates the changer trip mechanism.

Erase and Record-reproduce Heads

Much of the performance of a magnetic recorder depends on the performance of
the heads. Usually the erase head is the least critical, requiring only that it make
good contact with the tape and that it puss the symmettical waveshape of the erase
voltage. It is almost always mounted separatcly from the record and reproduce
heads and preceding them in the tape path. Some machines use one head for both
recording and reproducing.  Although this method is more economical, it dpes not
allow direct “off-the-tape monitoring” while recording. Also, separate heads allow
the gap spacing of each head to be optimum for the purpose.

The recording head is not so critical in this respect, but the reprodacing head is
very critical because the gap width controls the high-frequency response. The
azimuth alignment of the heads is also critical.  They should be aligned with a
standard test tape to allow intevchangeahility of tapes on machines. Also, it is very
important that the heads make good contact with the tape, or a considerable loss of
high frequencies will be noticed.  Therefore, a regular cleaning schedule should be
conduncted.

The gap in the veproduce head should he as small as possible so that it will inter-
cept less than one wavelength of the signal on the tape (at the highest frequency
to be reproduced). Of course, therc is a practical limit to narrowing the gap, for
bhoth mechanical and signal-to-noise ratio reasons. The narrower the gap, the smaller
the induced-voltage level. Therefore, a practical compromise must be reached.

At present the gap spacing of the lheads can be reduced sufficiently that (with
proper azimuth adjustment head contact and bias current) it is possible to secure
response cssentially flat to 15 ke at a tape speed of only 3% ips.

Amplifiers

The recarding amwplifier is used to raise the output of a microphone to the level
necessary to drive the vecording head.  Since head gap width, tape velocity, and
many other factors determine the frequency response, noise, and distortion of the
record-reproduce process, it is advisable to include as much preemphasis as possible
in the recording amplifier. The standard recording curves shown in Fig. 4-5 were
derived from the tape-distortion characteristics. The tape, when recorded with these
curves, will give approximately the same distortion at all frequencies involved in the
playback process.

The recotding amplifier wsually contains the bias and erase oscillator, which drives
the recording and erase heads. It is general practice to provide sufficient amplifica-
tion in professional machines to record directly from a low-impedance microphoune
and bridge a balanced 600-ohm lne with +8 VU of progran level. Figure 4-6 is a
block diagram of a professional vecording amplifier.

The playback amplifier raises the signal (geuerated in the playback head) to a
level snitable for feeding the consele or other speech input equipment. This level
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Fic. 4-5. Standard recording curve.  { Courtesy of Ampex Corporation.)

ranges from —20 dbm to 48 VU. This amplifier also contains a deemphasis circuit
to adjust for flat over-all frequency response. Figure 4-7 shows the standard play-
back curves. They are derived from the nonlinearities of the record-reproduce process
as described above. In addition, there is a characteristic rise of approximately 6 db/
octave in the playback process {until head losses and gap width overcome it at the
high-frequency end) which accounts for the linear section in the playback curve.
The total correction required to obtain a flat frequency response from the entire
process can be determined by combining the recording and playback curves for the
desired speed.

Other requircments in a good playback amplifier include a type of input tube
which has an cxceptionally low inherent noise level, & good grounding system, and
filament bias and balance, or direct current on the filaments.  Distortion is seldom a
problem in a plavback amplifier if normal precantions are tuken,

In testing a plavback amplificr, it is advisable to adjust the input level to obtain
a constant output level for all frequencies. This prevents excessive overloading,
which will never occur except on the test bench with a constant input.  Figure 4-8
is the block diagram of a typical playback amplifier.

All tape recorder-reproducers have precision components that require periodic
muaintenance and adjustinent.  Brake-tension adjustments should be checked with
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e 1-6. Bloek diagram of recording amplifier. (Conrlesy of Ampex Corporation,)
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the methods and equipment prescribed in the instruction mannals to maintain opti-
mum performance.  No attempt should be made to imiprove or change the basic
design of a tape machine without approval from the manufacturer.
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Fic. 4-8.  Block diagram of playback amplifier.  {Courtesy of Ampex Corporation.}

RECORDING-MEDIUM CHARACTERISTICS

Types of Tape

Two general tvpes of recording tape are generally available.  These are the ace-
tate base and the polyester, or “mylar,” base. The acctate base is a general-purpose
tape for most recording purposes.  However, the polyester base has many advantages
for the broadcaster due to its more rugged nature.

Acetate-base tape uses 0.0015-in.-thick cellulose acetate. The breaking strength
of this tape is on the order of 4 to 514 1b for standard 14-in. width. Normal recorder-
tape tension is but a few ounces, so there is a reasonable safety factor to care for
peaks af tension during machine starts and stops and for wide wvariations in strengtls
caused by changing humidity and temperature. The coating on the base consists
of a carefully controlled mixture of magnetic material and a binder of tough flexible
combinations of synthetic resins.  Since tape may be stored tightly wound on reels
for long periods, there must be no tendency for one layer of tape to stick to the
next.  Also, the tape must remain flexible so it will conform to the heads and nol
impair high-frequency response.  The coefficient of friction between the binder and
nmetal heads or guides must be low so the tape will move smoothly without flutter or
squeal.  This antifriction quality is part of the formula and should not rub off on
the heads or guides to excess, as this will foul the head gap or build up a deposit,
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resulting in excessive wear. Regular cleaning is a must, to prevent even slight build-
up of deposits.

Polvester-, or “mylar-", base tapes have the samc characteristics in the oxide but
are more stable (in the backing material} to temperature and humidity changes and
somewhat stronger and more shock resistant.  This tape is virtually free of dimensional
changes (and distortion induced hy these environmental changes) but does have
a disadvantage in that a high shock or excessive albmse causes the tape to streteh per-
manently, cansing a “wow.”

This stronger base allows thimmer tapes to be made, providing longer continuens
programming. By using a basc only 0.5 mil thick on a standard 104 in. NAB reel
aud operating the machine at 341 ips, it is possible to record or play over 4 hr of
programuming without a single break. This is particularly nseful for delaved pro-
gramming of a sports event or opera.  As this tape is verv limp, excellent contact is
achieved with the heads. This limpness canses the recl to wind unevenly occasionally,
and it is helpful to obtain a special vecl which has a narrow spacing between the
flanges, on the order of 0.28 in. instead of the standard 0.345-in, spacing. It is pos-
sible to grind down existing flanges to make these special reels.

Print-through

If a tape is recorded and stored for a period of time, there is a phenomenon that
sometime occurs called print-through. 1t cecurs because a strongly magnetized tape
is wound next to an unmagnetized portion and some of the magnetic elfect transfers
from one layer to another. Since the trausfer is through a layer of acetate or poly-
ester, the elfect is quite small but often objectionable for high-quality hroadeast work.

It has been found that the effect becomes serious as the recording level increases.
Print-through will decrease about 2 db for a 1-db decrease in recording level. The
effect increases with time of storage, higher temperalures, or exposure to stray mag-
netic fields. Most of the effect is in the mid-frequency range, with high- and low-
frequency sounds virtually unnoticeable. Use of the thinner base tapes will slightly
increase the effect.

If a tape is to be stored for some time, the following precaations will help in
eliminating print-through., Program peaks should be held to a level not exceeding
0 VU on the recording meter. The storage temperature should be kept below 75°,
and the reel placed in a steel can to protect against stray magnetic fields, To pro-
tect valnable recordings, it would be well to use a special tape (which is available)
that has about 8-db lower print-through effect than standard tapes.  Occasional play-
ing or rewinding of the tape will redistribule the adjacent layers, thereby reducing
the clfect.  Most machines wind the tape more tightly when rewinding than when
playing. Therefore, it would be wise to store tapes before rewinding to take ad-
vantage of the slightly increased spacing between adjacent Javers,

APPLICATIONS

The most common broadcast application is that of recording network or local pro-
grams for delaved broadcast. More recently, stations have started to prerecord
conunercials for audition to clients and on-the-air accuracy.  Other intevesting ellects
can be had by prerecording sonnd efleets o1 a continnany basis, and (by means of
the continuous-loop mechanism} the effect is available for any desired period of time.
Reverberation, or “echo,” effects are available on any machine which has separate
record and plavback functions and allows a delay proportional to the head spacing
and tape speed of the machine.

A very flexible reverberation machine can be constructed nsing a continuous loop
of tape, a variable-speed motor-drive capstan, and a numher of heads. The loop of
tape need be only 2 to 5 sec long.  An erase head should be first in line followed
by a recording head. Theveafter, a number of playback heads can be positioned on
slides so they can be moved to various locations along the tape path to secure
virians degrees of time delay.
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Precautions should be taken to be sure the azimuth alignment of the heads is not
disturbed when they are moved. The outputs of cach head can be connected to a
playback amplifier where the required ecualization and filters can be added to change
the frequency response of cach delayed portion of the audio. Outputs of the play-
back amplifiers are then combined and fed to the program output. If desired, a
portion of this signal can be reinserted with the input to the oviginal recording head
tor additional reverberation.

In operation, the faster the tape speed (and the closer the playback heads are to
the recording head), the shorter the reverberation time. Many effects can be ob-
tained by varying the gain controls on each playback amplifier.

Another nse of the tape machine is to control automatic station equipment. With
the use of a stereo tape recorder, one track is recorded with program announcements
and the other track rccorded simultaneously with control tones, which are nsed to
perform automatic functions. When the playback is made, frequency-selective relays
may cause the program audio to switch from the controlling machine to an auto-
matic record changer ar other tape playback machines at the conclusion of an an-
nonncement. Another tone will allow the tape machine to cue to the beginning of
the next announcement and wait for a manual or automatic “command” to start
playback again. Various tones can be used to trigger the start of several record
changers or other similar automatic tapc playback units.

Some automatic programming machines use subsonic and/or high-frequency con-
trol tones on the same track with program material. This may limit the flexibility of
the system because not manv of the tones can be used on a single track and retain
good program quality. The useful frequency response of the tape falls within the
audible range, and the tones used are generally at the lower and upper fringes
of this band. Frequencies of 20 and 10,000 cycles are common in such systems.
Their removal from the program material causes very little deterioration in program
quality.

The multiple-track tape machine is ideally suited for short announcements such
as station breaks, time announcements, sound effects, ste. It is also suitable for
spot announcements and themes of much longer duration. Inserting subsonic or
snpersonic tones at the end of the announcement will allow automatie rewinding
immediatcly or control of other programming devices.

The continuous-loop transport mechanism can be made to cue itself (for repeating
a recorded announcement) automatically, When the recording is started, a tone is
recorded momentarily on the second track. The machine is so connected that it
will run until a playback head on this control track detects the tone, which innmedi-
ately stops the machine (automatically cued to the original starting point). If the
machine is manually stopped at the conclusion of the first recording, additional an-
nouncements can be made on the same loop, provided sufficient tape is on the loop.
When in the playback function, the machine will sequentially recue to the start
of the next announcement. An additional antomatic function can be had by record-
ing a different frequency of tone burst at the beginning of each anmouncement. By
the use of frequency-selective relays, individual anmouncements can be automatically
selected. A disadvantage to this type of unit is the abscnce of a fast-forward or
rewind function. The complete tape length must be run at standard speed if it
is desired to audition any particular anmauncement.

Similar but less flexible automatic control functions can be had with a metal-foil
backing material applied to the reverse side of the tape. A pair of contacts ride
on the tape and shut off the motor when the circuit is completed through the foil
and motor-control relay.

A voice-operated relay can be used to control the cueing of the tapes. In this
case, the machiues run a predetermined time after the last andio signal. A disad-
vantage in this system is the wide tolerance in both the timing circuit and the make-
up of the recorded tape. A better system uses a playback head a few inches ahead
of the regular program playback head. This special head is connected to a voice-
operated relay to “anticipate” the audio and stops the machine when cued a pre-
determined number of inches ahead of the next announcement.
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CIRCUIT CONNECTIONS

Most professional tape recorders have microphone and bridging inputs, I used
correctly, these cause very little trouble.  However, on some machines, the bridging
input is unbalanced (one side grounded). This invariably causes problems in the
broadcast station. A balanced input can bridge or mateh either a balanced or un-
balanced source (if there is no center-tapped ground on the input) with no difficulty,
Thus, it would be best to modify machines that have unbalanced inputs and make
them balanced.

Adding a Transformer

An interstage transformer would accomplish the job, it scems. However, it is diffi-
cult to find one that has good shiclding and frequency response.  Also, it is hard
to find one that will tolerate the impedance mismatch that generally occurs without
frequency discrimination,

A high-quality input transformer is quite casy to obtain.  This can he conmected as
shown in Fig. 4-9. This circuit will give 31-db loss in the bridging pad (when
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I'ie. 4-9. Adding a bridging transforme.

bridging a 600-ohim terminated line), but the transformer will give 20-db wvoltage
main; thus, the net loss is only 11 db.  This losy will seldom be a problem, since
most bridging is performed on high-level lines.

Adding a Bridging Pad

Another method of installing a balanced bridge would be to connect a bridging
pad to the microphone-input transformer. The microphone input is balanced on
nearly all professional tape machines, For best results, a matching pad should fol-

600/15001 MATCHING 1500 MIC. INPUT

47000

10,000 N
8RIDGING
INPUT

47000 3000 6210
Fra. 4-10.  Adding a bridging pad.

low the Dridging pad. This splits the loss required and prevents frequency dis-
crimination, which may occur in a single pad.  Figure 4-10 shows a typical circnit.
The 10,000/600-0hm bridging pad has 31-db loss, the 600/150-0lim matching pad
has 30-db loss, which gives a total loss of 61 db. When bridging a 600-ohm ter-
minated line with 48 VU level, the microphone input receives —53 dbm.  This will
give a good signal-to-noise ratio, vet prevent overloading of the input stages.
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Converting High-impedance Recorder-Reproducers

Most professional high-impedance machines have a cathode-follower output which
can be loaded with 10,000 to 20,000 ohms. Use a good-quality output transformer,
with the 10,000- to 20,000-ohm primary connected to the output of the playback
amplifier. The 150- to 800-ohm secondary will match into most speech input con-
soles.

The high-impedance input of these machines is generally in the 60,000- to 100,000-
ohm range. Use a good-quality input transformer, with the 60,000- to 100,000-ohm
secondary conuected into the high-impedanee microphone input of the recording am-
plifier. Comnect the low-impedance microphone into the proper impedance on the
primary winding of the input transformer.

RECORDING FROM SINGLE-CHANNEL CONSOLES

If the recording material is being fed through the pragram amplifier of the console,
of course, this is no problem. The recorder may simply bridge it (as is the case,
of either program amplifier, in a dual-chanuel console). Where it is desired to re-
cord material different from that being broadecast, it is best to connect the andition
bus of the eonsole into the microphone input of the recorder. The bus impedance
of most commercial consoles is from 75 to 200 ohms and in the area of —45 to —55
dbm in level.  Choose the microphone impedance closest to the bus impedance (as
stated in the console instruction maunual, or measure the audition bus with an ohm-
meter). This method generally works very satisfactorily.  If the level is higher than
necessary, a Series resistance, bridging pad, or bridging transformer can be used to
decrease it.

If it is desived to switch the audition bus output into several tape recorders, some
consoles have utility keys that can be used for this function. Of course, auxiliary
keys can be installed in any convenient location that does not introduce noise into the
console or the recorder.

Feeding the Console

Most professional tape-recorder playback amplifiers have an output level from —20

dbw to +8 VU. Generally, they are fed into an inpnt channel on the console which

does not contain a preamplifier. A level of —20 dbmn

2508 is suitable for most consoles, because this is the ap-

provimate level out of the microphone preamplifiers.

2700 This allows the channel attenuators to set at the same
580 6000 posi.tion for both types of inputs.

If the output level is +8 VU, i should be reduced
to about —20 dbm level. This will prevent the neces-
sity of using the channel attenuator in the section which
is normally tapered to cutoffl.  The same condition is
Fic. 4-11. 25-db 600/600- {rue for output levels of +4 VU. Since these levels
ohm “H” pad. are quite commmon, a 25-db “H” pad is shown in Fig.

4-11 that can be used to compensate these levels with
optimum console input levels. It will give —21-dbm level from a 44 VU source and
—17-dbm level from a +8 VU source. If the tape recorder is fed into a cueing
amplifier, it is best to test the operation with these pads inserted on a trial basis before
actually making a permanent installation. It may be necessary to modify the amount
of loss to fit a specific application.

27040 27on

MAINTENANCE

Lubrieation. At the end of 3 months or after 1,000 hr of operation, lubricate the
capstan drive motor and capstan idler with a few drops of SAE 20 or wanufacturer’s
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recommended lubricant.  Most mechanisms require no further lubricant because the
hearings are sealed.

Cleaning. The capstan, capstan idler wheel, head faces, and tape guides should
be cleaned often (sometimes daily, with heavy use) with ethyl alcohol applied with
a soft cloth or other recommended cleaning solution.

Demagnetize All Heads. At least once a month and after every maintenance oper-
ation, the heads should be demagnetized.  This is required because the accumulated
switching transients in daily operation ancl surges {due to removing tubes, ete.) will
gradually magnetize the heads. Aagnetized heads will partially erase the tape or
dise when they are plaved and will increase the noise level, This should always be
clone before using standard test tupes to assure against partial erasure and incorrect

readings.

Take-up and Holdback Tensions. These should be checked with a small scale
while the machine is running in the normal forward mode. NAB hub size reels
should produce 6 to 8 oz of tension: the smaller size should produce 3 to 4 oz.

Brake Tensions. These arce adjusted with no power applied to the machine.  With
the scale pulling the reel in the direction of forward tape travel, the tension should be
from 12 to 16 oz; in the opposite dircction, it should be from 6 to 9 oz.

Capstan Idler Pressure. The pressure of this idler on the capstan shaft should he
sufficient to cause positive drive to the tape, bhut not so great as to cause the motor
to overload and drop out of sync. This is a great deal of latitnde. One manu-
facturer recommends approximatelv 80 oz of pressure.

Playback Level Adjust. The gain control in the playback channel of the ampli-
fier can he adjusted to give a predetermined level on the output of the plavhack
amplifier fram the standard level on the standard alignmient lape.  This is usually a
low frequency to prevent variations resulting from equulization adjustinents.  De-
pending on the aligmmnent tape used, the standard level will be full level or 10 dhm
below normal level,

Erase Current. See paragraph under Theory of Magnetic Recording,

Bias Current. See paragraph under Theory of Magnetic Recording.

Signal-to-noise Measurements. Properly terminate the output of the playback am-
plificr, wud conneet a high impedance noise meter or sensitive VIVAL across it. Using
the standard playback level from the alignment tape as reference, measure noise
below this reference with the tape stopped.  If there is a filament balance or other
noise balance (excepl that conunected with the hias oscillator), adjust this for the
lowest reading.

Replace the wlignment tape with new or well-erased tape.  Record a section with
po signal inpat.  Place a 0.02-uf capacitor across the noise meter inpul to remove
the bias frequency,  With a simultaneous record-playback machine, adjust the bias
balance control for lowest noise {generally @ popping or cracking noise). With a
machine with a combination head, record and adjust, plavhack and observe until
optinum results are oblained.

Azimuth Alignment of the Heads. Use a standard alignment tape te align the
playback heads for maximum output at the specified alignment frequency to permit
interchangeability of tapes and machines.  Replace the alignment tape with a new
or well-crased tape, and record the highest frequency specified for the speed vou
are using.  On simultancous record-playback machines, align the recording head for
highest output from the playback amplifier.  On combination-head machines, record
andl adjust, playback and obserye until optimmm results are obtained.

Plavback Response. Terminate the outpul of the playvback amplifier. and play hack
the response portion of the standard alignment tape. Comnect the impat of the noise
meter or sensitive VIVM to the output of the amplifer.  The level on the alignment
tape 1s 10 ta 20 db helow the normal level.  Adinst the playvback equalizers for the
optinnum {requency response as specified in the instruction manual.

Record Response.  After adjusting the plavback response, use a blank tupe and
audio oscillator to record the frequencey range expected. Record the level 10 to 20 db
below normal level to prevent any possibility of overloading the tape. With a con-
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stant recording input level, adjust the recording equalizing controls to obtain a flat
frequency response from the playback amplifier.

Tension Seales. These are somewhat diffieult to locate in some areas. They can
be purchased from John Chatillon & Sons, 90 Cliff Street, New York City. The fol-
lowing scales are available: 0 to 8, 0 to 16, O to 64 (4 1b) and 0 to 80 oz (5 Ib)
The 0- to 16- and 0- to 80-0z scales are o suggested minimum,



Part 5

VIDEO-TAPE RECORDING

Ross H. Snyper

Video Products Manager
Professional Products Division
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BASIC PRINCIPLES

The Magnetic Medium

Magnetic recording tape, whether for audio, video, or other recording purposes,
contains fincly divided ferrous oxide particles deposited on a plastic backing. In the
case of magnetic video recording with commercially available rotating-head equip-
ment, the oxide coating must be extraordinarily resistant to abrasion at high tem-
peratures and pressurcs, must be of a superficial smoothness much greater than that
required for direct audio recordings, and must be substantially free from defects
which would cause a momentary loss of continuity in magnetic characteristics or of
contact with the magnetic heads. For video recoxding, the plastic backing must be
capable of a minute amount of stretching, since stretching of the material is relied
upon in the recording and reproducing process to assure equality of recorded track
length, in a direction transverse to that of the tape motion, with rotating heads whose
cffective diameter will change slightly with wear.

The Recording Process

During the recording process, the magnetic medium is moved through the mag-
netic field which is created at the gap in the recording head, and the resulting flux
pattern on the tupe is a fanction of instantaneous magnitnde and direction of the
original signal at the moment the tape leaves the head gap. In so far as the response
of the magnetic heads and of the magnetic tape can be made linear, flux density on
the tape is directly proportional to recording current.

Reproduction

If the recorded tape is then moved past the gap of a reproduce head, which may
be similar to or identical with the recording head, the magnetic fiux from the tape
will induce a voltage in the windings of the reprodaving head, Assuming a constant
rate of change of flux density in the moving tape, this voltage is proportional to the
number of turns of wire in the head coil, the permeability of the core material, and
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the efficiency of the magnetic structure at the reproducing frequency. Reproduction
is an electrodynamic process, so induced voltage is proportional to the rate of change
of magnetic flux in the head core. Thus, other effects being ignored, induced voltage
will vary directly with relative head-to-tape velocity, directly with reproduced fre-
quency, directly with flux density, and inversely with the wavelength of the recorded
signal on the tape.

In typical commercial magnetic reproducing heads, the voltage induced, if the
head-to-tape velocity remains constant, will be directly proportional to frequency up
to a frequency whose wavelength, as it appears on the tape, approaches the effective
width of the gap of the head. Above this the head efficiency declines, so voltage will
decline, at first gradually, then more precipitously, until it reaches zero at that fre-
quency whose wavclength on the tape equals the effective head-gap dimension.

The Limits of Magnetic Tape Recording

Disregarding the rcsponse of the associated amplificrs, the problems of maintaining
constant tape velocity and adequate head-to-tape contact und of clectrical losses in
the head, there are certain inherent properties in the process which define the fre-
quency limits which can be recorded and reproduced and the signal-te-noisc ratio
which can be obtaimed.

High-frequency Response

Useful high-frequency response is ultimately limited by the dimension of the head
gap or by the resonant frequency of the head or both.

During recording, the tape coating assumes a permanent state of magnetization at
the instant it leaves the head gap, so the gap width of the recording head is relatively
uncritical. However, in reproducing, the magnetic flux emanating from the moving
tape must induce a voltage differential across the reproducing head coil if the current
is to flow in that coil. This voltage is induced only as the flux traverses the entire
head core, forced into that path by the higher reluctance of the gap. The Hux is
proportional to the sum of positive and negative fields existing within the head gap
at any given instant. Thus, when the recorded frequency is so high that its wave-
length is equal to the gap width, the sum of positive and negative flux patterns in
the gap at that iustant is zero, as is the voltage induced in the head coil. This can-
cellation effect occurs, also, at multiples of the frequency represented, and for all
practical purposes the head is useless above a frequency which is somewhat less than
that corresponding to the wavelength of the first gap null,

At any given head-to-tape velocity, the uppermost reproducible frequency can be
increased by decreasing the gap width., Limitations are reached when realistic
manufacturing tolerances are exceeded or when head output falls to less than usable
levels. Induced voltage decreases with head gap, because reduction in gap width
constitutes a reduction in the reluctance of the magnetic path across the gap, which
is, therefore, approaching a “short circuit” of the magnetic circnit.

The uppermost reproducible frequency can be further increased by increasing the
head-to-tape velocity. This increases the wavelength of any given frequency as it
appears on the tape.

The resonant frequency of the inductance of the head coil and the capacitance,
either actual or distributed, of its circuit either must normally be outside the pass-
band of the system, so that the drop in output after the point of resonance will
not adversely affect the frequency response, or must be so placed at the extreme
upper limit of frequency response that it provides a small extension of “flat” re-
sponse. When good engineeriug design has reduced the cirenit capacitance to an
irreducible mininmun, the only way to increase the resonant frequency is to veduce
the inductance of the head coil by reducing the number of turns of wire on the core.
This, in tum, reduces the head output over thc entire frequeucy range and will
particularly influence the usefulness of low-frequency output.
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Low-frequency Response

The lowest frequency which can be reproduced in any tape system ig ultimately
determined by the lowest signal level which can he tolerated by the requirements
of the system at low frequencies. As shown, the voltage developed across the coils
of the reproducing head decreases with frequency until a level is reached which is
insufliciently above the basic noise level of the system as a whole to be considered
useful,  Thus, the noise level in the associated clectronic assemblies often will de-
termine the low-frequency limit of the tape system. In general, the maximum band-
widlth which can he effectively reproduced by any magnetic tape device is approxi-
mately 10 octaves.

Signal-to-noise Ratio

The requirements of the system for over-all signal-to-noise ratio usually determine
the useful frequency limits of the systeul.  As the signal-to-noise ratio requirement
increases, the level requirement at each of the bandpass extremes increases. Thus,
as the signal-to-noise ratic requirement inercases, the handpass decreases. The center
of the bandpass will depend upen gap width and hecad-to-tape velocity.

RECORDING THE TELEVISION SIGNAL
The Problem Defined

The lelevision signal conlains energy in a bandpass from direct current to more
than 4 Me. To reproduce the 4-Mc signal, we can either decrease head gap or in-
crease head-to-tape relative velocity. 1t an cllective head gap of 0.25 mil {0.00025
in.) is assumed, the required head-Lo-tape relative velocity must be in cxcess of 2,000
ips, or more than 110 mph,

Reduction of the gap to an impractically narrow 0.023 mil (0.000025 in.} would
reduce the necessary head-to-tape relative velocity to 200 ips.  Bnt if this velocity
were to be abtained by simply moving the tape at that velocity past a stationary head,
it would result either in a playing time too short for practical programming or in
veels of cartwheel size. A recd of approximately 38 in. diameter, containing 60,000
ft of tape, would be required to provide a playing time of 1 hr at such a tape velocity.

Recovery of very low frequencics from high-velocity tape would also be impractical
if dependence were placed upon direct recovery of long recorded wavelengths, Three
seemingly conflicting requircments, therefore, face the designer of a television mag-
nctie-tape svstem:

1. High relative head-to-tape velocity is needed to record and reproduce the high-
frequency components of the video signal.

2. A means is needed to record and reproduce the lowest frequencies in the video
signal.

3. Adequate playing time, using reels of reasonable size, is a requirement.

The Commercial “Video-tape” Recorder-Reproducer

Since 1956, magnctic video recorders have been in commercial service. These
devices employ four video heads, mounted in quadrature on the periphery of a 2-in.-
diameter drum, which rotates at 14,400 rpm. The heads trace a transverse path
across slowly moving (15 ips) tape 2 in. in width. The tape is cupped around the
head drum by a concave tape guide. The relative head-to-tape velocity is approxi-
mately 1,300 ips.

Each heacl describes an arc of approximately 120° while it is moving across the
tape, so that before any one head loses contact with the tape, the succeeding head
has made contact. During recording, all heads arc fed in parallel. During reproduc-
tion, one head at a time is connected to the system through individual playback
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Fic. 5-la. Video-head subassembly. The control track head is visible at the right of the
vacuum guide,

S

PROFILE VIEW, DRUM & GUIDE

Fic. 5-1b. Profile view—drum and guide.

Fre. 5-1c. Lower section of recorded video tape after treatment with magnetic particles
to render recording visible. Video tracks are 10 mils wide, 1534 mils center to center.
The control track is at the bottom. Bright traces on the control track are editing pulses,
occurring once each field, 4 in. apart.
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amplificrs, switching being accomplished during horizontal blanking intervals by
automatic clectronic means.

Since linear tape motion is at a velocity of 15 ips, head rotational rate is 14,400
pm, or 240 rps, and since four tracks are traced transverse to the direction of lincar
tape motion during each revolution of the head drum, 960 tracks are laid down
during each second of recording or reproduction along 15 in. of tape. The tracks

_—~AUDIO TRACK 0.070
—— GUARD BAND 0.020

TAPE MOTION

i GUARD BAND  0.010

it 2
1}

U e ———" l}nm“ﬁm\'\CUE TRACK 0.020

\GUARD BAND  0.010

CONTROL TRACK 0.040

. N
“VIDEO TRACK (0.010) \0 005 \\-FIELD PULSE (0:250)

Fia. 5-1d.  Currently used track dimensions for recorded TV tape.

are 10 mils (0,010 in.) in width, with a center-to-center spacing of 153 mils. Each
frame occupies 4 in, of tape: one field occupics 34 in.  More than 17 horizontal
television lines are recorded on cach transverse track. A certain amount of informa-
tion is duplicated at the end of one track and the heginning of the next, since each
head traverses approximatels: 120% of are across the tape. During the overlapping
period. the automatic switcher selects a horizontal hlanking interval in which to
accomplish the switching from one head to the next.  Thus, cither 16 or 17 hori-
zontal television lines of video information are reproduced from cach transverse track.
The thickness of the tape specified for video recording (1-mil base, plus approsi-
mately 5-mil coating) is such that 4,800 [t can he wound on a recl 12% in. in
diameter, sufficient for 64 min recording or reproduction.

A Modulation System

Although the uppermost useful reproduced frequency in the system is of the order
of 6 Me, the lowest frequency which can be rvecovered with adeguate signal level
is now in the neighborhood of 3,000 cvcles. Furthermore, practical apparatus for
the purpose of causing the rotating heads to track precisely along the vecorded tracks
requires some tolerance for off-truck reproduction. If the video signal were recorded
directly or recorded by amplitude modulation, the video-signal level will vary ap-
proximately 10 per cent in the case of a tracking error of as little as 1 mil (0.001 in.).
Noticeable and objectionable variations in contrast would result.  Thus frequency
modulation of a carrier within the passband of the recording system is employed.
Since the amplitude of the recovered signal in an FAL transmission daes not depend
primarily upon the amplitude of the RF signal, but instead upon dynamic frequency
relations, the recording and reproduction of a frequency-modulated RF signal relieve
considerably the necessity for extreme mechanical precision in the playback track-
ing of the recorded tape. This provides a “margin for error” in operation, mainte-
nance, and manufacture. It is also comparatively casy to recover low-frequency
information from an FM signal, so this problem is simultaneously solved.

The FM system is of unusual characteristics, since, with the conficuration selected,
all the uscful information must be contained in the band below 6 Mec.

It has been classically assumed that the highest modulating frequency used in an
FM transmission system will not exceed one-tenth of the carrier frequency and that
deviation will be large compared with mavimum modulating frequency.  In the
magnetic video recording system, a carrier frequency of 4.75 to 5.85 Mc is emploved.
Deviation is approximately +500 ke. The highest uscful modulating frequency is
slightly over 4 Mc. The modulation index is, thus, approximately 0.125. For this
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reason, if for no other, the signal-to-noise ratio is somewhat lower than that which
is usually associated with FM systems, although experimentation has established
that, quite aside from the undesirable contrast shifts which occur in an AM system,
the signal-to-noise ratio of the FM system is equal or better. Typical obtainable
ratios of peak-to-peak video to rms noise are in the range from 34 to 38 db.

It will be seen that in an FM signal which is deviated =500 ke from a center
in the neighborhood of 5 Mc by modulation frequencies in the neighborhood of
4 Mc, through a system whose bandpass is sharply limited to approximately 6 mc,
only the lower sidebands will be fully recoverable. The video magnetic recorder,
therefore, operates as a “single-sideband FM” system.

The “sampling rate” of a carrier of this frequency, in conjunction with a modulat-
ing frequency of 4 Mg, is, of course, low. The highest frequencies are, therefore,
distorted. The effects of high distortion in the high-frequency video bandpass are
complex. However, the only detectable effect upon the picture is a small degree of
aperiodic waviness in narrow vertical picture elements, which, as far as the eye is
concerned, is integrated out by the frame rate. It is visible only in photographs
of a single frame.

Fic. 5-2. Video-tape recorder complete.

THE “VIDEO-TAPE” RECORDER

General

The “video-tape” recorder may, for the sake of convenience, be divided into the
video record-reproduce system, the control system, and the audio record-reproduce
system.

The video record-reproduce system conmsists of all the elements of the recorder
which receive, amplify, modulate, record, reproduce, switch, demodulate, and process



Video-tape Recording 6-123

the composite video signal. The control system consists of the elements of the
recorder which transport the tape and control its relation to the rotating heads, the
elements which control the mode of operation (record audio and video, record audio
only, reproduce, stop, fast-forward, and rewind) and the automatic switchings which
accompany these selections.

Modulation
The incoming composite video signal is amplified through four video amplifier

stages. Each of these four stages is overcompensated, giving 12 db more gain at
4 than at 0.5 Mc. This is compensation for an opposite characteristic inherent in

Fic. 5-3. Rear view of complete video-tape recorder.

the modulation process and the demodulator circuit. A videe gain control is in-
serted at the output of the second video amplifier stage. The amplified signal is fed
through a cathode follower and then, in the monochrome video recorder, to the grids
of a multivibrator. The screen grids of these pentodes are not bypassed; the screen
voltage, therefore, varies in unison with that of the plate.

The composite video which appears at the grids of the multivibrator is clamped
at blanking level during the “back-porch” interval by clamping pulses. Direct
coupling between the cathode follower and the multivibrator arids prevents the
loss of the d-¢ component during the modulation process. The characteristics of
the multivibrator are such that its natural frequency incrcases as grid voltage in-
creases, so thalt the synchronizing pulses cause this frequency to decrease while
signals in the white direction cause the frequency to increase. 1f the multivibrator is
adjusted so that its unmodulated frequency is 525 Mc, a 15-volt peak-to-peak viden
signal al the grids of the multivibrator will cause the frequency to vary from 4.75
(syne tips) to 6.25 Mc (white base line). Since the input level control is in the
modulating civeuit only, it will not affect amplitude of the keying pulses.
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The multivibrator output is fed through a transformer, providing balanced coupling,
so that any simultaneous excursion of the multivibrator plates in the same direction,
which might occur in the video sigmal fed through the tubes, will be canceled.
Thus the base line of the FM signal will remain constant, and undesired phase
modulation is prevented.

The Bnal stage in the modulator strip is an amplifier whose output is connceted
to the record-amplifier driver.

The demodulator strip is mounted on the same chassis as the modulator.

Record-amplifier Driver

This chassis provides preliminary amplification of the FM signal from the mod-
ulator and supplies a low-impedance output to eaeh of the four record power
amplifiers.

This chassis is mounted in the console, Its adjustiment points are accessible from
the front of the console. The incoming FM signal feeds throngh a master record
gain control and thence to an amplifier chain. The signal then passes through a
cathode follower, which feeds in parallel four morc cathode followers, providing
four low-impedance-source signals, one for each high-power record amplifier. The
gain of each of the four individual parallel legs is adjustable, so that variations in
record-head sensitivity cau be compensated. High-level FM is fed from each of
these four sources to the record-amplifier chassis.

Record Amplifier, Etc.

One housing in the console contains four modulator plug-in units, each of which
is a record amplifier and reproduce preamplifier, and a fifth plug-in chassis, a photo-
electric-cell amplifier, which is associated with the control svstem.

High-level FM from each of the record-amplifier drivers is fed to one of the
record power amplifiers in the record-amplifier—reproduce-preamplifier chassis. The
high-power output of each tube is fed, individually through a slip-ring connector on
the rotarv head mechanism, to onc individual recording head. Thus, while each
rotating head is constantly fed a signal originating from a common source, the level
of record cwrrent at each head may be different, depending upon the differing re-
quirements for drive of each individual head. The objective attained here is that
of obtaining successive tracks, cach recorded at the same flux-density level,

During replay, the individual output of each head is first fed through an indi-
vidual preamplifier strip. These preamplifiers consist of a pair of cascaded cascode-
comnected tubes followed hy amplifiers. The output at each of the four preampli-
fiers is fed separatelv to the switcher chassis.

Switcher

The switcher unit sequentially switches the outputs of the four video heads during
the reproduce mode so as to reconstruct a continuous signal from the discontinucusly
recorded tracks. When used with the retrace switcher, the unit provides automatic
timing so that switching occurs only during horizontal retrace periods and does not
appcar in the reproduced picture.

Each of the four signals is amplified in the switcher chassis through two stages.
These are conventional RF amplifier circuits, using shunt peaking in the plate cir-
cuits and small interstage time constants to limit the bandwidth to that of the FM
signal. The amplified outputs are delivered, then, to the control grids of the gating
tubes.

The multigrid gating tubes are so biased that the FM signal will appear at the
output only if “trigger” voltages are supplied both to the screen and to the suppressor
grids. These voltages vccur in “get-ready,” “go” sequence. The get-ready signal
hiases one of the two grids to the condition necessary for conduction, while the gn
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voltage biases the last of the grids necessary for conduction, completing the sufficient
condition for conduction through the gating tube.

The get-ready signal is derived from the output of a photoelectric cell, which is
located at the rotating-head structure. This cell views a disc which rotates with
the head drum. The disc is half white and halt black. The output of the photo-

Studio Facilities

electric cell, thus, is an approximately square wave of 240-cps frequency, Its in-
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Fie. 5-5. Blanking switcher.

stantaneous phase at any moment is thus directly related to the position of the
rotating-head drmm. Four signals are derived from this 240-¢ps frequency, one of
which is in phase, ome lagging by 90°, one the inverse of the 90° lagging phase
(thus, a 270° phase), and the last is the inverted 240-cps signal, constituting the
180° phase. The in-phase signal is fed to one of the two gating grids in one of the
four gating tubces as the get-ready signal, the 90° phase component is fed to another
of the four eating tubes, the 180° phase to another, and the 270° phase to the fourth.
Thus, cach of the four gates, i turn, receives a get-ready signal slightly before it
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Fig. 5-6.  Swvitcher.

is to begin conduction of RF and slightly before conduction of RF is to stop in the
preceding gate.

The actual moment of switching is determined by a second grid in each gate, and
this is touched ofF iu less than 0.1 wsee by a square pulse derived from the television
signal itself through the retrace switcher, This constitutes the go signal.  This pulse
halts conduction through one gate and begins conduction through the next during
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the sixteenth or seventeenth horizontal retrace signal on each lateral recorded track
on the tape. The parallel output of the four gating tubes is the reconstituted con-
tinuous FM signal. This is now amplificd and fed in parallel to each of two ampli-
fiers, one of which then feeds the demodulator at Jow impedance and the other
feeds the built-in monitor oscilloscope.

Demodulator

The demodulator strip is located on the same chassis as the modulator.  FM, re-
ceived from the switcher, passes through five dual stages of limiting. As much as
50 db of limiting is employed. The objective is to remove all amplitude modulation
and AM noise which may have heen introduced during the record and reproduce
processes.  The signal is again wuplified and fed through a cathode follower to the
demodulator circut.

A delay-ine demodwlator is used. ¥ s fed in parallel to the grids of the two
sections of a dual triode, but one of the two parallel legs is fed through a delav line
whose time constant is equivalent to a 90° phase shift at the camder frequency. The
output of the delayed leg is mixed with the nondelayved REF at the plates of the
mizing dual triade.  One of the two mixed signals, thus, dillers from the other in
phase in proportion te the deviation from the carrier trequency.  Thus, plate signal
amplitucde increases for frequencies below carrier frequency and decreases for fre-
quencies above carrier frequency.  An amplitude-modulated signal is therefore pro-
duced, although an FA component is still present.  This signal is transferred through
a cathode follower and then throngh a transtormer for fullawave detection in a pair
of dindes. Cancellation of BE is accomplished as fully ax possihle through a de-
tector balance potentioncter.

The signal now passes through a three-stage amplifier,  Selective inverse feedback
is applied to these stages, to modify the frequency response.  The signal next passes
through a precise 4.5-Mc low-pass filter swhose purpose is the climination of the
double frequencies developed in the full-wave rectifier diodes and most of the re-
maining RF in the region of the carrier freqmency. A cathode-anode follower de-
livers a signal to the output of the chassis, from which it is cabled to the input of
the processing amplifier,

Processing Amnplifier

Distortion of the Iigher frequencies, due to the low sampling rate of the 3-Me
carrier, has deteriorated the synchronizing information in the campasite video signal.
Transicnls have been introduced during the retrace signal by the switcher., A cer-
tain amount of noise originates in brushes, tape dropouts, cross talk, unfiltered RF,
and other sources. In the processing amplifier, the synchronizing information is
stripped away and new synchronizing pulses are gencrated and vecombined with
the video information, Details of the amplifier were presented in an SMPTE paper
in April, 1957, published in September, 1938.

The processing amplifier provides bwo video outputs, one of which is intended
to constitule the main video output. the other to feed a picture monttor. A syne
output is provided for convenicnee in locking an external syne gencrator to tape, and
an additiopal syne ocutput for the retrace switcher and for the automatic compensation
senser.  Adjustment of video level, blarnking level, and syne level can be accom-
plished locally at the processing amplifier or, through suitable connectians to the
processing amplifier, at a remote location.

Control Systems

Three different systems comprise the control syvstems in the video-tape recorder.

1. The solenoid-operated push-button controls over the tape transport

2. The servo tracking system, which assuves that the rotating heads, in plavback,
trace precisely the previously recorded transverse tracks
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3. The tape guide servo, which controls the relation between the vacuum tape
guide and the rotating head drum, automatically compensating for time-base dis-
placements in the reproduced picture

Tape Transport Controls

Tape motion in the record and reproduce processes is controlled solely by the
capstan, which pulls the tape from the supply reel, on the left, throngh the rotating
video head assembly, past the control-track head, the audio-crase head, and the
audio record-playback head and drives the tape toward the take-up recel on the
right. Each reel hub is mounted on a torque motor. The supply torque motor
opposes the motion imparted to the tape by the capstan, thus providing hold-back
tension. The take-up motor supplies jast suflicient torque to take up the tape as
it is supplied by the capstan.

In fast-forward or rewind modes, the capstan idler is removed. The torque of
the appropriate turntable motor is reduced by relay-connected resistors under the
control of the corresponding push buttons, and tape is pulled from that turntable
hy the greater torque of the other turntable motor.

Tape Tracking Servo System

Tape speed during the reproducing mode must be controlled precisely to maintain
accurate tracking of the video heads as they scan the rccorded transverse tracks.
The control process starts during the recording operation. During the record process,
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Fic. 5-8. Capstan servo generator.

the rotation of the head drum motor can be locked to any of three 60-cycle reference
sources—the vertical syne pulses of the incoming video signal, an external source
such as color syne, or the 60-cycle line. Sclection of the reference source is made
bv adjusting a switch at the master control unit.

1f the 80-cycle source is to be derived from a composite signal, the vertical rate
is stripped from the video information and supplied as pulses to a multivibrator.
Sixty-cycle line, if selected, is also applied at this point. Thus triggered, the multi-
vibrator supplies a 240-cycle wave to the phase comparator in the master control
unit. The output of the phase comparator is a correction signal, which affects the
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frequency of a 240-cycle oscillator. The comparator measures the difference be-
tween the line-derived wave and a rotary-head-derived wave which is related in
phase directly to the rotational position of the head drum. The output of the 240-
cvele oscillator drives a power amplifier whose output, in three phases, provides
the power to drive the head-drum motor. A dise on the head-drum shaft, painted
half black and half white, is scanned by a photoelectric cell. Its output triggers a
240-cycle multivibrator; this 240-cycle signal then constitutes the second signal for
the comparator. A serve loop is thus created whose function is to stabilize firmly
the relation between head-dium rotation and vertical syne rate,

The 240-cycle signal, which has been derived from the head-dvam photoelectrie
cell, is also amplified and recorded on a Jongitudinal track at the bottom of the
2-in. tape. The control-track record-reproduce head is located on the video head
subassembly, verv close to the rotating wideo heads. The signal recorded is a pre-
clse record of the continuous series of positions occupied by the head drum during
the recording, and thus is the nagnetic counterpart of film sprocket holes.

The 240-cycle drum-derived signal, after division to 60 cycles, feeds a power am-
plifier, during recording, which provides the power to drive the capstan motor. Thus,
an electronic “gear chain” intimately connects the motion of the head drum to that
of the capstan, so that tape motion is directly controlled by the rolating video head
drum.

In the reproducing mode, the same choice of 60-cycle mput can be made. Again,
the head-drum motor operates within the servo loop described above. But the cap-
stan is not, in reproduction, under the same direct control by the head-drum motor.
Instead, the capstan mnotor amplifier is driven by an oscillator whose frequency is
influenced by a phase comparator in the capstan servo generator. This phase comn-
patator measures the difference hetween the 240-cvcle head-drum-derived signal, at
the time of reproduction, and the output of the control-track reproduce amplifier, thus
modifying the instantancous rotary position of the capstan, at any given time, in such
w way that the same relations exist hetween instantaneous head-drum position and tepe
motion as existed at the time of the recording. In this way, the rotating video heads
will precisely trace the recorded tracks, Tt is possible, during reproduction, for the
rotating hieads to be off track somewhat, although cach tracing will be off track by the
same degree. A manual control is, therefore, provided so that the automatic tracking
can be brought precisely in line with the recorded tracks, Omnce so adjusted, precisce
tracking will be maintained for the duration of the replay.

In the video-tape recorder, the master control unit contains the vertieal sync stripper,
input multivibrator, phase comparator, 240-cycle oscillator, 240-cycle multivibrator,
24040 divider, and a 60-c¢ycle bandpass filter whose function is to supply clean sine-
wave signals to the capstan motor amplifier.

The capstan servo generator is a separate wnit, which contains the phase com-
parator, used during reproduction to devive a correction signal from the 240-cps drun
rate and the 240-¢ps control track and the comparator-influenced oscillatar which sup-
plies drive to the capstan motor amplifier in the repraduce mode,

Control-track record-reproduce amplifiers are contained in the left-hand control
panel an the recorder console.

Tape-guide Servo Conirol

The video head drum contacts the tape iuside a concentric groove in the vacuum
guide on the video head assembly. Vacunm is applied to the back of the tape through
the vacuum guide at a constant level, The relation of the guide groove to the rotating
head drum is, during recording and reproducing, so intimate that the tape {s winutely
stretched in a direction lateral to its motion dwring the passage through the groove in
the guide. The degree of streteh is determined not by the vacuum applied, which is
constant, but by the space between guide and drim, which is variable. The length of
the track being recorded or reproduced, and hence the precise time occupied by the
tracing of a track, is thus minutely variable. When the reading rate is precisely equal
to the rate at which the track was written, the reproduced picture will be free of hori-
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zontal time-base aberrations.  When the reproducing rate is different from the record-
ing rate, vertical picture elements in cach of the 16 bands in the picture will be
diagonally offset, creating the “venetian blind” cffect.  Control, thereforc, must be
exercised over the precise position of the vacunum guide with respeet to the head drum.

The position of the vacuwm guide is determined by a small motor which is geared
to the guicde. Manual control for this motor is provided for test and maintenance
procedures,  In normal operation, control is exercised by the automatic compensation
senser, whose output isx amplificd through the tape-guide amplifier, in the console, to
control the tape-guide motor.

The automatic compensation senser provides an error signal when the tape guide is
not correctly positioned.  This error signal is fed to the tape-guide amplificr, which
repositions the tape guide so as to remove the error signal.  The error signal is de-
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Fic. 5-9. Tape-guide amplifier.

rived from the reproduced video signal by sensing a time-displacement error caused by
incorrect positioning of the tape guide. Syne pulses [rom the output of the processing
amplifier are differentiated and clipped so as to produce positive pulses which corre-
spond Lo the leading edge of the horizontal svne pulses,  These positive pulses are fed
ay trigger pulses to a monostable multivibrator adjusted to provide a normal positive
pulse of approximately 57.5 psee.  Since the horizontal syne pulses are spaced at
63.5-usec intervals, approximately 6 psee will elapse between the time that the multi-
vibrator reverts to its stable condition and the occurrence of the next triggering pulse.
As a consequence, a negative G-usee pulse is produced.  Applied across an RC net-
work, these hecome a series of sawtooth pulses, occurring ab a rate corresponding to
the horizantal svne pulses, whose peak amplitude is constant as long as the time in-
terval between the syne pulses is eonstant.

But if the tape guide is not positioned correctly, a timing error is produced each time
the heads are switched (cvery 16 horizontal lines). This would result in a coire-
sponding change in the charge time of the RC network, resulting in an amplitude
variation in the tip of the sawtooth wave.

The voltage at which the sawtooth wave is sampled can he selected so as to cor-
respond., through the tape-guide amplificr and tape-gnide motor commected. to correct
tape-guicde position.  Omee this value is set, negative or positive excursions from this
selected voltage, since they represent time-base shifts, indicate negative or positive
pxcursions from correcl tape-guide position, and suitable correction signals may be
generated and fed to the tape-guide sevvo motor.  The sampling circuit nses as a
reference the 480-cvele square wave which establishes the head switching time.  This
is drawn from the switcher wnit.
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Correct adjustment of the umit can best be made by playing a laboratory-standard
recorded video tape on the machine, manually adjusting the head guide, zeroing in
the automatic control to the then-existing manual control, and switching to “auto-
matic” operation, after which the machine will both record and play back according
to the standardized track length.
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Fic. 5-10. Automatic compensation senser.

CUEING VIDEO TAFPE

Since the video-tape recorder records the entire composite video signal, it follows
that the output of the recorder is complete with sync. All switching operations which
involve the output of the recorder, in playback, therefore must be planned with this in
mind.

It is, of course, entirely feasible to lock a nearhy synchronizing generator to the
output of the video-tape recorder so that switchivg from tape to live or lape to Alm
can be accomplished without any interruption or change in the synchronizing infor-
mation. Switching fo vidco tape, however, alwuays involves switching the synehro-
nizing source from that which preceded the change to the video-tape output.

Thus, the plavback of the tape machine can be faded, wiped, or dissolved into the
following picture if sync source for the following picture is local and has heen locked
to the playback of the tape recorder. The tape output can be split-screened with
another picture if the svne infarmation for the other-than-tape half of the split-
screen image is locked to sync from tape. Such switchings cannot be accomplished,
however, if the source of sync for the upcoming picture is remote or otherwise in-
capable of being locked to the syne from the tape.

It follows, then, that it will not always be possible to dissolve or wipe from any
source sequentially fo the tape playback. A local insert can be wiped or dissolved
into a tape playback if sync for the insert is derived from a sync generator locked to
the sync output of the running tape machine.

A “roll” may occur when switching from network, local-live, or local-film to tape
for the same reason that a roll may occur when switching from network to local
without locking the local generator to the incoming network sync.

The video playback does not hegin instantly after the “play” button is depressed,
but the interval between depression of the “play”™ button and the upcoming of stable
picture is stable and predictable.  About 5 sec is the period to which the machines are
usually adjusted.

In order to provide precise cueing of switches from other sources to tape, audio
wethods are sometimes employed. With or without the recording of video, audible
“beeps” at timed intervals may be recorded on the sound track down to the beginning
of program, Usually, these becps are automatically generated and consist of 15-sec
tones spaced I scc apart. At the moment of the begining of the recorded program,
audio is switched from the heep generator to the program source. Thus, it is passible
manually to find the beghming of the program audio track by listeuing on the sound
monitor of the recorder, then o back the tape manually through the desired number
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of recorded beeps to a point 5, 10, 15, or any other desired number of seconds before
the beginning of program. Because the tape motion begins approximately 14y sec
after the depression of the pLay button, all beeps will be heard and a prearranged
“count-down’ signal is given to video control, indicating that the recorder is in opera-
tion and that the picture will be upcoming in the agreed-upon time.

Variations upon these methods are emploved at various video-tape recording instal-
lations. In some cases, monoscope pattern, along with timed audio beeps, is recorded
for exactly 1 min prior to beginning of any program. This gives visnal indication,
upon replay, that the playback iy of good quality and gives continuous audible indi-
cation of the time remaining before picture comes nup from the tape playback. In
still other cases, picture is recorded throughout the l-min interval, changing every
5 sec, so as to give a visual as well as an audible “count-down.”

Methods of cueing video tape arc under consideration by the SMPTE VT Standards
Committee in which NAB participates.

INTERCHANGEABILITY

When a tape playback is displayed on a picture tube, the picture is made up of
16 bands of 16 or 17 television lines each. Every band represents the output of one
only of the four rotating heads. 1f each band is exactly like the others, then the bands
are undetectable. A picture of, say, 35-db signal-to-noise ratio, with all bands having
that value, is cntircly acceptable. But if there is a difference, as there may be when
head outputs are not cqual, then banding becomes visible even if the worst band is
better than, perhaps, 33 db. The human eye is a very efficient comparator, even
though it’s not eflicient as an absolute-level measuring device.

It is possible to adjust the gain of the four individual preamplifiers so that the
ontput from all bands is equal on any given tape. But that doesn’t solve the problem
entirely. The control system of the recorder is arranged so that when a recorder is
playing back onc of its own tapes, each head reads out exactly the sawme tracks it
recorded. Therefore the spacing of the 10-mil tracks on the tape can be fairly erratic.
Likewise, the azimuth alignment of the head gaps may be a trifle off perfect perpen-
dicularity, and it won’t matter as long as the tracks are always reproduced by the
head which recorded them. But if tapes are interchanged, very little looseness can be
tolerated in the spacing of the tracks, or noise banding will appear owing to low output
from those heads which are slightly off track. Any substantial deviation from a com-
mon azimuth alignment will be disastrous, since the highest frequencies will be the
first to be lost, and the carrier frequency of the FM system is near the upper bandpass
limit of the recorder.

The solution to these banding problems lays in establishing extremely tight tolerances
on drum wobble and on head azimuth alignment. Fortunately, the picture itself gives
a greatly magnified representation of any fault which may exist in the head structure,
so the tolerances can be adjusted out, in production, without the invention of some
new kind of supermicrometer.

Small differences in frequency response among the heads were not very important
in monochrome-television recording. But with color, where minute variations in fre-
quency response become large variations in color-carrier phase, individual equalizers
are required for each individual head. This is not bevond possibility in commercial
production. Head structures ave not sufliciently refined that individual differences are
small, and adjustable equalizers in the separate head amplifiers are adequate to the
task,

Time-base Banding

Visible differences in the bands on the picture can also arise from time-base varia-
tions. These may be caused by “quadrature misalignment” or by differences between
the tape-to-head relations in recording and the replay relations,

If a tape is recorded on a drum whose heads ave spaced precisely 90° apart and then
played ou a drum whose heads are unevenly spaced, the pieture contains displacements
of vertical picture elements. Certain bands are wider than others. These represent
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the output of heads which track more than their share of the time because of their
greater angular separation from their successors.

This effect must be reduced to the point that misalignments are less than notice-
able, if detectable at all. Although the Standards of Good Engineering Practice *
suggests that such errors should not exceed 0.5 per cent of the line interval, or 0.3
usec, so large an error is objectionable to viewers. Error actually must get down to
about 0.1 gsec and in practice should be held to half this value. Since the heads
operate at approximately 1,500 ips, 0.05 usec of time corresponds to 38 pin. of toler-
ance; this is normally achieved in production heads, which are first aligned by machine
methods to within 24 mil of correctness and then are brought within final precision,
+38/1,000 mil, by observation of the picture with adjustment and readjustment of
tapered screws fitted into slots in the drum. These screws are wedges to increase or

Fic. 5-11. Guide too close to head.

decrease the spacing between the four segments of the drum. The factory supplies
precision-recorded tapes with which quadrature of any head can be checked against
standard and, if necessary, adjusted in the field.

There are several ways in which the relation of the tape to the drum can vary.
This relation is determined by the position of the vacuum guide with respect to the
drum; by the effective diameter of the heads, which varies with wear; and by the
vacuum applied.

In operation the vacuum is held constant, and an adjustment is provided for the
lateral position of the guide. When the guide is moved close to the drum, the tape
is stretched more in a direction transverse to its lincar motion. Thus the tracks are
lengthened slightly. [If the guide is backed away slightly, the tape will be stretched
less and the tracks will shorten. This makes it possible to tolerate the changes in
the effective diameter of the drum which takes place as the heads wear down. But
misalignment is possible at will.

If the guide is moved in playback so close in to the drum that the tracks are stretched
longer than they were in the recording process, vertical picture elements will be slanted
in each band, producing the “venetian blind” effect. This is readily remedied by back-
ing off the guide, and in production models adjusted to maintain a standard track
length, the process is automatic by means of a servo system which controls the posi-
tion of the guide.

1 See Part 3, FCC Rules and Regulations.
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Tt is desirable, of course, that the contour of the female guide should be perfectly
concentric with the axis of the drum. If it were not, the pressure on the tape at the
part of the guide closest to the drum would be higher than that elsewhere, on each
sweep of the heads, and wear on the tape would be uneven. But assuming this could
be tolerated, small displacements of the guide upward or downward would not matter
so long as the tape always were played back on a head assembly misaligned in the
same manner. Picture defects appear only when a tape is played back on a machine
whose vacuum guide is aligned differently from that on the recording machine.

If a recording has been made on a perfectly concentric drum and guide, then
played back on an assembly whose guide is adjusted too high (sce Fig. 5-12), the
velocity of the head, with respect to the original track, is not constant throughout one

Fic. 5-12. Guide too high.

sweep across the tape. The tape is stretched less at the top and more at the bottom of
the sweep.

The result of adjusting the vacuum guide too high is curvatures of vertical picture
elements, or scalloping. Adjusting the guide too low will result in scallops rounded to
the right. This effect can be prevented in interchanging tapes by adjusting all vacuum
guides to a common height with respect to the drums. The position should be as
nearly as possible concentric with the axis of the drum. The easiest way to accomplish
this is to adjust all assemblies correctly at the factory and then to use standard tapes
periodically in the field to check maintenance of the setting.

Larger dimensional errors are tolerable in vertical misalignment of the guide than in
horizontal or quadrature misalignment. For example, if the vacuum guide is verti-
cally displaced 1 mil in playback with respect to the position of the guide used in
recording, the maximum scalloping excursion will be 0.3 usec on the screen. Scallop-
ing is not detectable at 0.1 usec, so vertical positioning of the vacuum guide need be
held only to a few tenths of a mil, plus or minus, to obtain satisfactory results. This is
casier than obtaining the microinch tolerances which apply to quadrature, especially
because the same magnification of the effect is obtained by using the picture as a
micrometer.

All the factors which govern the interchangeability of tapes on VR-1000 mono-
chrome recorders are, thus, under adequate control, and means exist through the use
of standard tapes and available adjustments to keep these factors under control in
commercial broadcast operations.
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F16. 5-13. Angular misalignment of heads.

F1c. 5-14. Color TV tape recorder. Identical with its monochrome counterpart in every
way, except for the addition of a rack of color electronics, the color TV tape recorder will
handle either color or monochronie tapes.
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Fie. 3-16. Mobile TV tape system. The model shown here illustrates the manner in which
one bus was outfitted as a mobile TV system, complete with tape recorder.
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F16. 5-17. A TV tape cruiser. Containing one video recorder, three cameras, centralized
control facilities, and more than 10 kw of power-generating equipment, this air-condi-
tioned cruiser covered more than 12,000 miles during the summer and fall of 1959, making
recorded TV tapes “on the go” and on location.

THE FUTURE OF TV TAPE

Late developments, including equipment which intersynchronizes two TV tape
machines in playback with a synchronizing generator, or with one another, and other
new devices all make it clear that expansion is certain for the usage of TV tape in
television broadcasting. The intersynchronizing device makes it possible to fade,
wipe, lap-dissolve, or cut from tape-to-tape, tape-to-live, live-to-tape, tape-to-film,
film-to-tape, tape-to-network, or network-to-tape. Thus, the TV tape recorder is
now capable of producing all of the same effects which can be achieved in live TV,
with the “hindsight” advantage possessed only by prerecording.

Syndicated TV tape programs are expanding in number and usage, and the entry
of one or more of the large TV program producers, formerly exclusively users of film,
into the syndicated tape market assures that programming on tape will not be con-
fined to “target of opportunity” programs, produced by local stations only, but will
expand to include name-star shows as well.

Commercials, prepared and distributed on tape, now make up a substantial portion
of all national spots and network commercial inserts. Lower cost of production and
live-quality reproduction account for this growth and will assure further expansion.

The growth of color will be stimulated by tape and will stimulate further use of
tape. Since the recording medium is the same, whether the recording be in color or
in monochrome, and since medium costs for color film are considerably higher than
for either monochrome film or tape, the use of tape in prerecorded commercials, pro-
grams, and news events in color is sure to expand. While interchangeability of color
tapes requires more exacting conformity to standard adjustments of the machines, it
has been demonstrated to be commercially attainable and can be expected to become
still easier.



Part 6

TV FILM HANDLING AND PROCESSING

NAB ENcINEERING DEPARTAMENT *

INTRODUCTION

General Information of Interest

Film plays a very important part in the program structure of the television station.
When you consider that the “air time” of the average television station is between 30
and 40 per cent film, it then becomes apparent that as much sound planning and
thinking is required in providing adequate facilities for handling this important pro-
gram source as that of any other department in a television station.

In order to attain optimum television broadcast reproduction of 16-mm sound on
film, the film prints should confornn to the technical requirements of the television
system.

Although many of these requirements do not differ from those necessary for good-
quality theatrieal prints, there are a number of requirements that are pecnliar to tele-
vision only.

Film prints intended for telecast should not exceed a density range of 1.5. Within
this range, the significant highlights shonld not exceed a density of 0.4 and the shadow
or dark areas should not have a greater density than 1.9. Although some slight over-
all shift of these densities can be made toward the toe of the print curve, the 1.5-density
range between minimum and maximum scene densities must be maintained. It must
also be remembered that in the toc portion of the curve, highlight density distortion
increases as the hase density is approached, and the characteristics of the print emul-
sion should be carefully appraised beforc any shift of important scene densities is
made into this region.

Films primarily made for television use {Life of Riley, The Loretta Young Show,
Fireside Theater, etc.) fulfill the density requirements for good telecast exhibition.
However, film prints of motion pictures originally made for theatrical exhibition that
have heen reissued on 16-mm stock for television, in most cases, are printed on stand-
ard release positive to approximately the same density range as release prints intended
for theatrical use. This density range is excessive for the television system and results
in substantial losses in both shadow and highlight arcas of the picture. Western fea-
tnre flms having simulated night scenes (made in daylight on infrared film with appro-
priate filters) printed on normal release positive stock are notable examples of prints
with excessive density ranges.

Printing such prints “two printer lights lighter” than is customary for theatrical
prints does little to make these prints acceptable for television use.  While little can
be done to make “soot and whitewash” infrared scenes ucceptable for telecast, retiming
of originals for printing on low-contrast release positive, together with proper process-

# Compiled from sources listed at the end of the chapter.
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ing for this type of emulsion, will do much toward inaking most theatrical feature films
conform more closely with television print density requirements.

However, having a film print with a satisfactory brightness or density range for the
television system is not enough. All prints can, and all too frequently do, exhibit
a variety of defects and imperfections that individually or collectively make the film
print unsuitable for good television reproduction.

Vertical or horizontal unsteadiness of the print image will cause serious loss of
definition when such a print is reproduced through the television system. For this
reason it is essential to prevent image unsteadiness during the shooting and printing
stages of the film and to exercise cxtreme care in the handling and use of these prints
so that the film edges and perforations will not become worn or damaged.

Scratches, abrasions, and dirt, whether on the film surfaces or imprinted in the
emulsion, cause a loss of picturc definition and are generally distracting to the viewer.
Such defects or imperfections appear as “noise” in the telecast picture. When similar
picture defects occur during “live” local or network shows, it is indicated to the viewer
that a “technical difficulty” exists. These technical difficulties that develop in the
electronic system and impair the picture quality are infrequent, unforeseen occurrences,
usually of short duration. Whenever they occur, the station is quick to declare the
difficulty and apologize to the viewer for the poor picture quality. Since the quality
of all film prints can be determined before telecast, the airing of defcctive or poor-
quality film prints seems inexcusable and entirely inconsistent with good operational
practice.

Cue marks and splices are simnlarly disturbing both to good picture quality and to
the viewer, Although the use of visual cues has long been standardized for theatrical
motion pictures, no such standardization seems possible for television, since film pro-
gramming requirements difter at each station.

Accurate timing of film is easily accomplished. The use of the clock for getting
“in” and “out” of fihns at indicated times rather than by the use of visual cues seems
to make for a more satisfactory film operation.

When visual cues are used, operational hazards are increased by the nuwnber of cue
marks present in the film. With the “timed method,” the clock provides the operator
with a positive reference check at all times and, of course, obviates the necessity of
mutilating the film print with numerous sets of cue marks.

Splices, whenever necessary (and few should be neccssary in any program film
print ), should be narrow, well made, and straight across the film.

A - or 0.07-in. straight splice, carefully made, is entirely safe aud satisfactory for
projection use. Intermittent sprocket and continuous pull-down projectors pass these
splices more easily than thc heavier 14p-in. splice.

Because of the scanning ratio of the television system to the projected film image,
diagonal splices should never be used.

Few splices should be necessary in any film, Half-hour syndicated program films
with commercial spot films spliced in will usually necessitate 8 splices at most. ( The
splice at the head aud tail leaders into and out of the film is not counted.) However,
if such a film has more than 12 splices, including the splices for the commercial spot
films, there is a good chance that the continuity of the sound track may be interrupted
and that there will be evidence of other defects which will make the print unsuitable
for good television reproduction.

Filins with damaged sprocket perforatious or films that have cuts, nicks, or tears in
either side of the film are also unsatisfactory for telecast. Prints with “notched-out”
sprocket perforations are unsafe for television projection regardless of how well the
projectors will usually pass such film. There is the ever-present possibility of an edge
of such a perforation getting caught or buckled in the feed or iutermittent sprockets
and causing a film stoppage.

Roughness of the guided edge is generally due to nicks, cuts, or tears and, however
slight, defeats film steadiness in the gate. As noted earlier, any unsteadiness of the
projected image will canse loss of definition in the telecast picture.

Sound quality of a film print is no less important than the picture quality. In
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addition to having a constant sound level throughout the print, the sound track should
have a good frequency rangc, have a good signal-to-noise ratio, he free of distortion,
have the correct track for the picture, and be synchronized with the picture.

The frequency range of a good optical sound track should run from 60 to at least
6,000 cps with a signal-to-noise ratio at least 50 db down. Intermodulation distortion
should not cxceed 5 per cent.

It is not impossible for a film print to have the wrong sound track, and all too fre-
quently prints with the correct track are found to be out of “sync” with the picture.
Although prints having either of these defects should be detected at the laboratory,
there is considerable evidence that these defects escape detection not only there but
by the distributor and a number of exhibitors as well. For correct “lip syne,” the
sound track must be synchronized 26 frames ahead of the picture.

The sound-track area must be free of surface or imprinted scratches, abrasions, and
dirt. Because 168-mm sound film has sprocket perforations on one side of the film
only, pressure contacts are incorporated into most projeetor gates which contact the
film between the picture and sound-track areas and alse on the outer edge of the
print. Often emulsion particles build up on these contacts, and the film becomes
marked or scratched at these points. If these scratches or markings remain marrow
and between the picture and sound-track areas, no harm is done. However, if they
extend into the sound track, serious distortion and mnoise result.

Care and Cleanliness

Film is delicate and should receive careful attention at all times. Just as in an
instantaneous recording, a certain degrec of deterioration occurs each time the film
is used. The exact amount depends entircly on the treatment it receives in projection,
rewinding, previewing, handling, and shipping. To produce good pictures, cleanli-
ness is a must. As it is projected and rewound (because of certain atmospheric con-
dilioms }, a static charge will build up on the film and it actually becomes a magnet for
the attraction of dust and dirt particles, Therefore, wherever fihn is handled in the
station, it should be kept as clean and dust free as possible.

When negatives or prints become dirty or badly oiled, they should be properly
cleaned before being placed in storage or in use. As mentioned previously, film should
not be cleaned by passing it through a dry cloth because of the danger of scratching
by dirt particles accumulated in the cloth. Cleaning can best be done by a motion-
picture film laboratory, where suitable clcaning machines are available and proper
techniques and precautions can be observed.

When prints must be cleaned by hand, the work may be done by rewinding the
film slowly through a lint-free ravon plush or soft cotton cloth pad which has been
moistened with film-cleaning fluid. The pad can be folded over the film and held in
the left hand while the right hand is used to operate the rewind. The operation should
be carried ount slowly so that the cleaning liquid can evaporate from the film before it
is wound into the roll. The pad snrface must be changed frequently, since a dirty pad
will redeposit oil and dirt and may abrade the film. Where large quantities of film
are to be cleaned by machine, it is desirable to arrange to feed a length of cleaning
pad slowly through the device so that as it becomes dirty, a clean area is automatically
provided.

The cloth used for cleaning must be selected carcfully. Best of all is a clean, short-
nap rayon plush or velvet. Next best is a soft cotton canton flannel, knit fabric, or
plush. Cotton batiste and nainsock are also nsed, although they do not absorb dirt
so well or hold it away from the film. Buled rags should not be used, as these usunally
contain many harsh cloths that will scratch and abrade the film and may also contain
a great deal of lint. 1t is false economy not to use new cloths specially selected for
the job.

There are a variety of organic solvents or fluids which might be used for cleaning
film. The requirements of a good film cleaner are rather exacting, however, and rela-
tively few materials are fully satisfactory. These requircments include not only clean-
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ing ability but such factors as freedom from toxicity and flammability, a suitable evapo-
ration rate, effect on film base and equipment, cost, ete, Several solvents which have
been used for cleaning motion-picture film are compared and described below.

Carbon Tetrachloride—Not Recommended

Carbon tetrachloride has been nsed a great deal in the past for cleaning motion-
picturc Alm but is not recommended because of its great toxicity. Carbon tetrachlo-
ride fumes arc poisonous. Headache and nausca are a first warning, and continuous
exposure may be fatal. Evaporation of only two teaspoonfuls of carbon tetrachloride
into a small, unventilated flm-inspection room is enough to raise the concentration of
fumes beyond the safe level. Carbon tetrachloride is dangerous whenever the odor
becomes strong enough to be obvious. If it is used for cleaning fikm, the ventilation
must be good enough so that a person just entering the room where carbon tetrachlo-
ride is being used can barely smell the fumes. If the fumes become stronger, all
windows should he opened, the cleaning stopped, and the room emptied until it has
been thoroughly ventilated.

n-Heptane and Freon-113. A Mixture (1 to 1) Is Recommended

n-Heptane alone is highly flammable and should not be used, but if it is diluted
with equal parts of Freon-113, a mixture is obtained which is considered safc to use.
Its flammability is only moderate, and its toxicity is slight. Freon-113 alone is non-
flammable and perfectly satisfactory for cleaning film but is rather cxpensive.

Inhibited Methyl Chloroform—Recommended

Methyl chloroform is much less toxic than carbon tetrachloride but is still “mod-
erately” toxic and should be used with care, Fumes of methyl chloroform should not
be breathed for any length of time. It should not be used without adequate venting
or ventilation.

Methy] chloroform lias no harmful effecet on cither black-and-white or color films
when used as recommended for cleaning. However, contact of flm with methyl
chloroform for 15 min or more may cause an increase in curl, particularly with acetate
propionale or acetate butyrate base. Tt is therefore important that the solvent evapo-
rate completely betfore the film is wound up.  This usually requires only a second or
two. Methyl chloroform should not be spilled on Tenite plastic cores because of its
softening action.

Methyl chloroform without inhibitor attacks aluminum, zine, and their alloys with
rather a vigorous chemical rcaction. It is, therefore, necessary to use only inhibited
methyl chloroform for cleaning film in case aluminum parts may be used in the equip-
ment. Most commercial methyl chloroform customarily contains an inhibitor, but this
should be definitely ascertained before using.  Both Eastman Kodak methyl c¢hloro-
form used in film cleaners and lubricants and Dow Chemical Company Chlorothene
grade of methyl chloroform contain inhibitors which have been tested for inactivity
toward film.

A word of caution is necessary in regard to cleaning lacquered film, Cleaning
solvents may dissolve certain lacquers nsed on film and may result in streaking from
incomplete removal of lacquer. Unless the lacquer properties are known, it is best
to try the cleaning solvent on an end of the filn first,

Remoual of Fungus Growth

Water or water solutions should not be used for the removal of fungus growth from
color or black-and-white films because, in the great majority of cases, fungus growth
on the emulsion side causes a solubilizing of the gelatin, The use of water or water
solations will lead to disintegration of the image.

The film should be cleaned by wiping it with soft plush, cotton, or chamois skin
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moistened with an approved film-cleaning liquid, as described in the previous seetion.
Such a treatment will remove most of the surfuce growth, The idea is to rub off
fungus growth, dirt, grease, etc., with a buffer wetted with anv of the suggested fluids.
The use of a fluid is suggested as a means of carrying off the dirt, washing out any
debris that may be held in indentations, cte., and acling as a sort of lubricant to
prevent excessive seratching that would result from the use of a dry buller.

When the gelatin has become etched or distorted by the fungus growth, there is no
satisfactory method of restoralion. If films are lacquered, the etching effect caused by
fungus will be greatly minimized. If the lacquer is damaged, it can be removed aud
fresh lacquer applied.

Space Considerations

Space requirements for handhing film will vary with the station installation. How-
ever, there are two focal points in planning filn facilities: (1) the projection room
and (2) the area required for inspecting and previewing film. In the projection
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Fic. 6-1. KSBW-TV film and projection facilities.

room, acdeguate space should be provided for editing, splicing, rewinding, com-
mercial insertion, and daily storage for shows that are ta be aired.  Just as in any
other line of business, permancent storage is always a serious problem, and perhaps
a good rule to follow is to double whatever vour estimated space requirements might
be.  This really is not so foolish a statement as it might at first appcar. Some film
suppliers have initiated a procedure usetul to themsclves, but it may present a real
problem to you. They will often advise vou to hold film and ship upon reccipt of
their advice. However, it usually turns out that a considerable length of time has
elapsed and you are left with the filing problem. So it is a good practice to return
every foot of filn that you do not own or do not intend to use in the very near future.
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Fig. 6-2. WMT-TV Filin Department and processing facilities.

Editing Area

An editing area should be situated best to accommodate last-minute, hurry-up
changes so frequently encountered in the preparation of film for airing. The actual
design of the editing table or bench will depend on local conditions and the par-
ticular likes and dislikes of the operating personnel. However, the following basic
equipment will be needed:

One film splicer

One pair rewinds

One measuring machine

One small vicwer

One editing table or bench

One 2- by 2-in. slide-file cabinet

One 3¥- by 4-in. slide-file cabinet

One open-face rack for storing large reels that will be aired dnring the day

One permanent-type storage cabinet

Twelve 2,000-ft flat steel reels

Twelve 1,600-ft flat steel recls

Twelve 400-ft flat steel reels

Fifty 100-ft flat steel reels

1,000-ft blank leader

One 14-in. steel rewind flange

One small screening projector

QOue 34- by 50-in. screen on tripod or wall mount
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These are minimum requirements, and larger operations will call for larger quan-
tities of the various items.
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Film-equipment Accessories

A word now about some of the film-equipment accessory items that are needed
in the snccessful handling of film in a TV station,

Film Splicer. This instrument is used to splice film and should be considered as a
preeision instrument. A word of caution about film splicing! One faulty spiice can
cause a show, commercial, or presentation to be either a success or a “fHop.” Even
though time is important in a television station, there is no short cut to making a
splice in film. There are certain basic operations to he performed, in the proper
order, and a definite amount of time is rcquired to make a good splice. Faulty
splices can usually be traced to dirty splices, incomplete removal of emulsion, wrong
kind or old cement, improper adjustment of splicer, and insufficient drying time
of the splice.

Scraping Tools, The usual instruments used in scraping off the emulsiou of the film
to be spliced are single-edge razor blades, emery board, and various types of com-
mercial serapers. Double-cdge blades should never be used.

Film Cement. This is used in cementing the splice together after it has been pre-
pared for splicing in the film splicer. Tt should be placed in a handy applicator
bottle and when not in use kept tightly sealed. If the cement is allowed to become
exposed to air for a period of time, its adhesive properties are destroyed and wecak
splices are sure to result.

Small Viewer. This is used for “quick” editing and is very handy for previewing
short sequences, interchanging spots or scenes, and checking continuity of film strip
or show.

Rewinds. Most TV projectors do not incorporate automatic rewinding mechanisms,
so these, of course, are needed for rewinding film after it has been aired and for
editing purposes.
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Footage Counter. This is used for accurately measuring the time of a spot or any
length of film. Previewing projectors are not normally equipped with sync motors,
and accurate timing cannot be secured by projecting and timing with wateh or cloek.
A 16-mm sound film is projected at a speed of 36 fpm, and by measuring the length
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Fig. 6-4. WSPD-TV film editing room (above) and film shipping room. Facilities also
include Film Department office and on-air projection room.

of the film on the footage counter, it is easy to determine the exact amount of time
it will take to “air” the film.

Daily Storage Rack. Some form of rack must be provided in the projection room for
the temporary storage of films to he “aired” daily. This rack should be able to ac-
commodate at least a week’s film supply. A wery good mcthod is to set up the file
according to days of the week. This will enable the scheduling department to keep
ahead of projection and save a frantic hunt at the last minute for a film that is to he
aired immediately.

Slide-storage Cabinet. A filing cabinet to accommodate both 2 by 2 and 3% by 414
slides must be provided in the projection room for storing slides used every day or
even occasionally.
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rewinds, splicer, viewer, and measuring machine are needed.

IS COMPOSED.

MIGHT BE ON IT.

ED INTO THE BASE OF THE OTHER FILM.

6-147

View of a typical TV film-editing bench setup for television stations. Note that

(LEFT) A MAGNIFIED AND SOMEWHAT EXAGGERAT-
ED DRAWING OF A SECTION OF MOTION-PICTURE
FILM SHOWS THE PRINCIPAL LAYERS OF WHICH IT

(LOWER LEFT) PREPARATORY TO SPLICING, THE
EMULSION AND BINDER COATINGS SHOULD BE
MOISTENED AND SCRAPED OFF. THE BASE S|DE OF
THE UPPER PIECE OF FILM SHOULD BE WIPED WITH
FILM CEMENT TO REMOVE ANY WAX OR OIL THAT

(LOWER RIGHT) A GOOD FILM SPLICE IS ACTUALLY
A WELD. ONE SIDE OF THE FILM BASE |S DISSOLV-

PREPARED IN QROER TO
MAKE A WELD — ALL
EMULSION AND BINDER
MUST BE REMOVED

THIS IS THE
FILM END TO BE
WELDED TO THE
PREPARED END

BELOW—ITS UNDER
SURFACE MUST BE

CLEAN

WELDED AREA

Fic. 6-6.

A graphic illustration of the elements that go into a good splice.

Reproduced,

with permission, from the copyrighted Kodak publication “Industrial Motion Pictures.”
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“Screening” or Previewing

Volumes could probably be written on the subject of whether film should be
previewed before it is aired. However, in pointing out some of the things that have
happened and omitting many things that could happen, it will at least stimulate your
thinking, and the decision rests with you as to whether film should be inspected or
previewed before it is aired. Even today, stations recceive film that is patched to-
gether with tape. You obviously are aware of what happens when you try to run
a tape slicc through a projector. It just won't work. Brand-new prints have been
received with the sound track printed backward, wrong sound with wrong picture,
picture printed backward, torn sprocket holes, commercials left in by the previous
station, and many other difficulties too numerous to mention. In other words, you
can’t tell what the film is or its condition just by looking at it on the reel. It is sug-
gested that some method of inspection or previewing be set up in your station.
A complete previewing report form should be filled out for each film, listing all the
nccessary data that would be required by the Sales and Program Departments.

If space is provided for screening and previewing film, a small projector and
screen will be necessary.

Scheduling Commercials

Just as in radio broadcasting, an accurate systein must be used in scheduling spots.
In TV the spots appear in the form of 10-sec, 20-sec, and I-min lengths of film.
If not furnished by the agency or supplier, leader must be spliced to these short
lengths of film so they can be threaded in the projectors. Scheduling must provide
all parties concerned with the proper information as to whether a spot is to be
tacked ou the head or tail of a certain show or run individually.

FILM MASTER CONTROL RECORD

Mame of Serles: Recrived From: Ship To:
Day & Time of Telecast: Contact:
Ho= Normsily Received? via Delay Bastn
thcaming Date Show Name & Number il Film Telecast | Screen ) ©ul-Going
Way-Rill Rctcived TVR Number il Kine Date Initial | Time | Date Shipped Way-Bill Remarka

Station

Fig. 6-7. Omne of the many types of film shipping and filing records developed by stations.
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Receiving and Transshipping

A responsible party should be assigned these duties; they are important. An
accurate receiving and transshipment record should be made on all ilm and should
contain the following basic information: date, time received, source, type, postage
paid or collect, disposition after airing, person receiving film, whether mounted on
reel or core, shipping case, ete.

You will receive film from many sources. Most commercials will come from the
advertising agencies or their suppliers direclly to vou. (In some cases, the client
will furnish it.} Films will be in various quantities and physical size. Some of

Fig. 6-8. Since films are expensive, a good sturdy shipping case is suggested.

them will he tied together, and it will be necessary for you to break these down,
place them on small recls, catalogue them, and file for future reference. Others will
come to you individually on plastic cores or sometimes on small 100-ft reels. A
word about reels, especially the larger size, is appropriate. Inaugurate this rigid
policy at the very beginning:

1. If you receive 2 film on a plastic core, ship it back on a plastic core after you
are finished with it,

2. If vou receive a film on a rcel, ship it back on the same size reel after you
are finished with it.

Reels are expensive!  In other wards, if you receive a film on a plastic core and
ship it back on a professional reel, you lose. Over a period of a year, this can
amount to a very sizahle figurc.

Under the present system of hicveling kinescopes, the following procedure is fairly
well established by now. The network or originating station will film the show
and release to various stations throughout the nation for a delayed play date. The
network will advise each station where it should forward the film after it has “aired”
the film and from what station it will receive its next film. So remember that you
are just as dependent on a station for getting your show in good condition and on
time as it is dependent on you for the same service. This is a responsible duty,
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and conscientions personmel should be selected to supervise these duties. Many
packaged shows and “kines” are open-ended, and space is allowed for insertion of
local cutins or individual commercials. Needless to say, it is extremely important to
see that the show leaves you in as good or better condition than you received it.

Mailing Charges

This brings us to the subject of express or mailing charges, which is an impor-
tant item. For the film operation of an average station, the express charges for
film directly chargeable to program expense will run between $5,000 and $7,000 per
year. When you consider that kind of expense, the need for constant vigilance is
apparent in selecting air express vs. regular express. Check and recheck your play
dates, and whenever possible, ship and order all film to be shipped by regular express.

Slide-making and Film-processing Facilities

The local advertiser, along with many national accounts, cannot incorporate in
their advertising budgets the price of having commercials made by a professional
16-mm producer. The average price of a 1-min, soumd-on-film television spot made
by a 16-mm producer is between $250 and $1,000 or more, depending on the type of
spot desired. This means that the advertiser will turn to the television station oper-
ator for an economical answer. The station which can provide slide- and film-
processing facilities will be in a better position to sell the air time. It is another
instrument to help the Sales Department in providing a complcte customer service
and will help lower sales resistance. This is especially true with slides. Virtnally
every commercial or show will require very frequent changes in slides. Slides are
inexpensive to make and if handled properly can provide the station operator with an
additional source of revenue.

As mentioned previously, handling film in a television station is not difficult, but
it does warrant serious preliminary planning in laying out the facilities.

Laboratory Practices on Films for Television t

These recommended laboratory practices on filns for television are intended as a
guide for hoth producers and laboratories engaged in production and processing of
such films.

The recommendations contained herein are based on a committee survey of the
literature and answers to a questionmaire sent to numerous people engaged in pro-
duction, laboratory, and television operations.

Black and White

Photography and Lighting for Optimum Quality from Film. Any recornmendations
for laboratory practices on films for television should imclude certain recommenda-
tions for photography, lighting, and production. The laboratory can achieve the
best results with the aid and cooperation of the people in these fields.

1. Negative {or reversal original) should be neither underexposed nor overex-
posed, as set forth in film manufacturers’ recommendations. This is particularly
important when the faces or essential shadow detail are unavoidably at extremes of
the brightness range.

2. The use of close-ups and medium camera shots with only infrequent use of
long shots is recommended. Wide-angle shots and long shots should be used only
to establish perspective,

3. The ratio of key to fill lighting should be kept within the range of 114 to 1 and
214 to 1. The maximum brightness contrast in the scene, as read by reflectance
meters, should preferably not be greater than 20 to 1 but in any case should not

1 Taken from “Laboratary Practices on Films for Television” by The Association of
Cinema Laboratories, Inc., Washington, D.C.
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be greater than 30 to 1. Uniformity of All lighting throughout the scene is advisable.
4. Night effects should be achieved by proper use of lighting and sct arrangement,
instead of requiring the printing down of day scenes for night effect, which is some-
times done for theatrical use.
5. Large areas of cither white or black or any uniform density are not advisable.
6. Backgrounds for titles, trademarks and inserts should not utilize large expanses
of mmiform, uubroken density, especially if the background is either very light or dark.
7. Cutting back and forth between scenes where the background is alternately
dark and light should be avoided. Altemnate camera angles in a given sequence
should have similar background brightness.

Fic. G-9. The careful and orderly filing of slides in cabinets like the above is recom-
mended.

8. Scenes should be composed and lighted so that there is always something in
the scene lighter than the face or point of interest and, if possible, something darker
than the face.

9, Camera apertures should cover sufficient frame area to be as large or larger
than the television transmitted arca. All important action should take place within
the “safe-action arca.” All titles and other written material should be kept well
within the “safc-title area.” These areas are as follows:

Transmiticd Scufe-action Sufe-title
area, . ared, in. darea, in.
35 mun 0.792 wide 0.712 wide 0.621 wide
by by by
0.594 high 0.478 high 0.466 high
16 mm 0.368 wide 0.331 wide 0.288 wide
by by by
(0.276 high 0.248 high 0.216 high

The recommended aperture size for the review room projector is 0.746 in. wide by
0.531 in. high, with rounded corners.

The safe-action area and safe-title arca are those areas which will be seen on the
majority of home TV receivers. Titles or important action should not extend into
the corner areas, as these areas mayv he lost owing to the oval shape of some receiver
masks.

Original Negatives. These should be developed to a normal Ib gamma of 0.65 to
0.70. The IIb gammas for a given Ib gamma will vary with film stocks and de-
velopers.  Negatives should be frec of excessive abrasion, dirt, drving streaks, and
water spots within the laboratory control. Negatives should be developed with
sufficient agitation so that directional effects are minimized.
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Master Positives (Fine Grains). These should be developed to a normal print
gamma of 1.4 (as read by the print-through method 2} and should be printed so that
the minimum highlight density is above 0.90. This density specification applies to
all present emulsions, Introduction of new films now contemplated for this purpose
could lower this valne because of a lower toe breuk in the H & D curve.

Dnpe Negatives. These shonld be developed to a control gammma which will repro-
duce the contrast and gray scale of the original negative. On contact dupes, this is
approximately a gamma of 0.65 as read by the print-through mecthod. On optical
dupes, this is approximately a gamma of 0.55. Negatives should be free of exces-
sive abrasion, dirt, drying streaks, and water spots. Negatives should be developed
with sufficient agitation so that directional eflects are minimized.

Prints. Prints should be made on a positive stock and developed to a print contrast
as required by the photographic contrast of the negative to be printed.

Where the negative is of consistently low image contrast, it can be printed and
developed at the normal gamma of approximately 2.35 (gamma as measured by the
print-through method). Where the contrast of the negative is of consistently high
photographic contrast, it would benefit by being printed and developed to a lower
print contrast, which may be as low as a gamma of 1.85 {gamma as measured by
the print-through method). This contrast can be achicved by development of films
such as Eastman fine-grain release positive film, type 5302, or Du Pont type 825 fine-
grain release positive film to a lower than normal theatrical contrast or the use of low-
contrast positive films such as Du Pont type 824 fine-grain low-contrast positive film or
Eastman fine-grain duplicating positive film, type 5363, developed in a normal
positive developer.

In the timing of prints, it is recognized that the printer lights for the numerous
scenes comprising an edited film are selected from cinex tests or by visual evaluation
of the negative. The resulting print intended for telccasting should appear some-
what higher in density in the highlight areas and somewhat lower in contrast than
prints customarily intended for theater projection.

In priuts thus timed with proper scene-to-scene balance, the majority of sccnes
should meet the following quantitative specifications:

Prints should be timed so that the face densities of normal middle-gray points of
interest are a density of 0.75 &+ 0.15. The mmimum density of any area reguired to
reproduce detail should be 0.40 or above. The maximum black of any area where
detail is required should be 2.0 or below.

Prints should be tinied so that the scene-to-scene balance of over-all density is as
uniform as possible.

Prints should be free from any spots, streaks, or scratches not present in the
negative.

Prints should be surface-treated with a lubricant or other protective treatment to
ensure smooth projection and to minimize wear and scratches.

The conditions listed above apply with equal validity to prints made in 16 mm
either by reduction printing or by contact printing from original or duplicate negatives.

Sound Negatives. These should be processed to negative gammas and densities
to give minimum intermodulation distortion results on variable density and maximum
cancellation on variable area when printed to the proper contrast for the picture in the
television print. With 16-mm printing, variable-area sound ucgatives are recom-
mended because of their inherent 5- to 6-db advantage in signal-to-noise ratio. Either
16- or 35/32-mm-width film negatives are acceptable for 16-mm sound printing.

Leaders. Leaders should be SMPTE television leaders with either a print of the
sound negative or black-printed in the sound area starting at least 20 frames ahead of

2 Gammas as Measured by the Print-through Method. This value of gamma has been
specified because it takes into account variations in printing due to differences in color
temperature and specularity of the printing light and difference in intensity level and the
linear speed of printers. This is important because the effects of these factors are not the
same for various types of print films.

The print-through gamma may be defined as that gamma value measured when the density
of a gray scale is plotted on a horizontal axis, with the densities of the print from the gray
scale being plotted on the vertical axis,
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the first frame of picture in 35 mm and 26 frames ahead of the first frame of picture
in 16 mm.

Color

Photography and Lighting for Optimum Quality from Color Film. Since there is
no provision for contrast control in color-film negatives or prints available for use,
more of the burden of producing acceptable color prints for TV falls on the photog-
raphy and lighting. The lighting contrast should be kept to a level of 1.5 to 1 or
2 to 1, and unlit dark areas should be avoided. The exposure of the necgative must be
very carefully controlled in order to achieve maximum color saturation.

Most of the practices recommended for black-and-white photography are egnally
applicable here,

Negatives. Negatives should be processed as soon as possible after exposure. De-
veloping should be done in accordance with the manufacturer’s specifications.

Color Master Positives and/or Separation Master Positives. These should be ex-
posed sufficiently to ensure a linear gray scale. Separation positives shounld be de-
veloped to the control gammas that will produce a balanced color internegative.
Color master positives should be processed in accordauce with the manufacturer’s
specifications.

Color Dupe Negatives and Internegatives. These should be made on the proper
film stock for reproduction from Kodachrome, separation master positives, or color
master positives. Exposure should be sufficient to ensure a good gray scale and give
optimum color saturation. Developing should be done in accordance with the manu-
facturer’s specifications.

Prints.  Prints should be timed so that they are dark enough to give good color
saturation but not dark enough to make shadows too dense. The equivalent gray
density values should be about the same as those given for the best results in black
and white,

A & B Printing. This is recommended for the making of dissolves and fades, in
the manufacture of prints for TV from original negatives, or for the making of color
master positives. This practice avoids the use of second-generation material intercat
with the original material, which causes desaturation and mismatch of colors.

Black-and-white Prints. Black-and-white prints from color negatives should be
made by first making a panchromatic master positive from the color negative, in ac-
cordance with the gamma and densitics as set forth for a normal black-and-white
master positive. A dupe negative is then made as with a normal master positive.
The black-and-white prints are made from this dupe to television specifications as out-
lined previously.

All the other practices as outlined for black-and-white laboratory procedures apply
also in color, 35 and 16 mm.

Fire Prevention 3

Following an extended investigation, acetate-base film in the form of ribbon for
motion pictures was listed by Underwriters’ Laboratories, Inc., as slow burning, the
fire hazard being classed as somewhat less than that of common newsprint paper in
the same form and quantity. Motion-picture safety film having a cellulose acetate
base is now being marketed for commercial and general use. It is claimed that this
film has a greater projection life and is atherwise superior as compared with the older
type of cellulose acetate film.

This type of film can be identified by the words “Safety Film” printed at frequent
intervals along the edge. In case of doubt, acetate film can be distinguished from
nitrate by a burning test, using only a small piece of film and burning it in a room
where there is no film and no fire hazard. Nitrate film will burm ficrcely; acetate
film will burn quietly.

The ignition temperature of cellulose acetate is between 700 and 800°F, as com-
pared with about 300°F, for ccllulose nitrate. A temperature of about 500°F is re-

5 Bulletin 283, National Board of Fire Underwriters, New York.
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quired to produce the decomposition of cellulose acetate film. In the neighborhood of
this temperature the cvolution of fumes in material quantity occurs. These fumes
are irritating and suffocating but not considered to be toxic under most conditions.

The decomposition of cellulose acetate film once started does nat continue except
under conditions where there is an external source of heat, On the contrary, in the
case of cellulose nitrate film the decomposition continues when once started, even
in the absence of external sowrce of heat. This difference of decomposition is, there-
fore, of great importance from the fire and life hazard standpoint. Furthermore, great
volumes of cxplosive and toxic gases are given off from decomposition of nitrate film,
especially in a restricted supply of air, thus contributing to the life and fire hazard.

The rate of combustion of cellulose acctate film is relatively slow, and the amount
of heat evolved is of a low order, being much less than that of paper or wood.

The most important safety factor with reference to cellulose acetate film is in its
slow combustion, and any fire can be easily extingnished by the application of water
or smothering, mnch in the same manner as fires in ordinary combustible materials.

The time will no doubt come when nearly all pictures will be on safety film, but
there may be nitrate films in circulation for some time, and because of this, every
precaution should be taken to avoid any velaxation in the regulations prescribed
and methods imposed for the safe handling of flammable nitrate films. The safety
factor supplied by the new acetate film can be taken advantage of by arranging its
storage apart from any nitrate films. By this segregation, loss possibilities will defi-
nitely be reduced, and as nitrate inventories are progressively diminished, their iso-
lated confinement will tend to control hazard possibilitics further. In existing film
exchanges, this segregation can be readily controlled by having separate film vaults
for safety and nitrate films and marking their doors with the words “Safety Film” in
green or “Nitrate Film™ in red. Similav isolation of safety films from nitrate films can
also be practiced using specially identified rooms for the safety film with such meas-
ures for protection against loss as may be desired. Small amounts of safety film can
be appropriately stored in ordinary steel filing cases, but if the films are of high value,
specially protected cabinets of the tvpe designed for film storage should be given
consideration.

In order to ensure the degree of safetv now provided hy the new film, it is suggested
that all safety films be wnmistakably identified by reel bands bearing in prominent
letters the words, saFETY mILas printed in bright green.  All record cards and other
control items that pertain to these films should alsa be printed in the same green color
and bear as their main feature the words sarery Finu.  In contrast, all flammable
nitrate films should be equipped with reel bands printed in bright red with the words
NITRATE F1LA, with their record items correspondingly identified.

Film-handling personnel working under this plan for segregating the two types of
film should take special care to prevent intermixture of the two types, and there should
be exacting supervision of storage facilitics to minimize all possible loss. By positive
and intelligent management the safety factor provided by this new filn base can im-
mediately benefit all engaged in motion-picture-film activities. If such a plan for
careful segregation is not followed, any place where both types of film are handled
should follow fov all film the safety precautions prescribed for nitrate film.
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VISUAL EFFECTS

Electronic Switching Special Effects

In television video practice, the term “special effcets,” by accepted usage, is applied
to techniques for ereating visual effects which are beyvond the capabilities of the normal
complement of facilities found in the standard minimal studio. The purpose of such
effects may be purely artistic or may be simply to aid the objective prescntation of
information. Electronic special effects can also be of economic advantage when they
permit realistic simulation of pictorial material that wonld otherwise be prohibitively
expensive,

The major category of electronic special effects is the use of electronie switching
for simnltaneous display of portions of two or more video signals by a pattern division
of the raster. Other tvpes of visual special effects are largely techniques for intro-
dncing distortions of the picture image, by cither optical or electronic means.

Electronic Switching Technigues

Since the television picture is transmitted by a time-sequence scanning method, it
is evident that appropriately timed instantaneous switching between two video signals
can produce the visual effect of a geometric division of the raster area so that portions
of each picture are displayed. Conventional clectronic switching techniques readily
permit the rate of switch required (on the order of 0.2 usec). Methods of using this
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technique are categorized by the source of the signal which determines the pattern of
the display. In the most elementary application, the “wipe” keying waveforms are
gencrated by pulse circuit techniques to create geometric patterns. It is also possible
to obtain keying waveforms of any desired pattern by processing video signals from
conventional camera equipment. The simplest form of this technique uses an inde-
pendent camera trained on silhouette art work of the desired pattern, so that the
resulting video signal closely resembles a pulse keying waveform and requires a min-

CAMERA
#1
VIDEQ INPUT #1
ELECTRONIC VIDEO OUTPUT
SWITCHER
VIDEO INPUT #2
CAMERA KEYING
#2 INPUT

WIPE KEY
FUNCTION INSERTION MATTING
GENERATOR CAMERA
CONTROL

HEAD

FiG. 7-1. Electronic switching special-effect system.

imum of processing. The most advanced application is “matting” (also called
“montage” ), where the keying signal is derived from one of the two video signals to
be combined. This permits placing a subject visually into any background scenc
desired.,

The arrangement of equipment components for these three forms of electronic
switching effects is shown diagramatically in Fig. 7-1.

Electronic Switching

The circuit which is fundamental to any special-effects switching system is the
electronic switching circuit itself. Funetionally, this circuit takes three input signals,
the two vidco signals and the keying pattern signal, and produces an output video
signal which combines the two video signals in accordance with the area division
established by the keying pattern signal. The keying pattern signal is assumed to be
a two-valued function, or pulse signal. Switching circuits usually, however, iuclude
a clipper in tbe key-signal input channel to remove any noise or shading components
that may be present. This permits the use of camera-generated signals developed from
a silhouette art work without further prior processing.

The usual circuit arrangement (Fig. 7-2) employs a pair of gate tubes, such as the
B6AS6, as the switching element. The keying signal, after clipping, is phase split so
that it can be applied in opposite polarity to each of the two gate tubes. The gate-
tube outputs are paralleled and fed to the output amplifier. Stability considerations
usually require somewhat extensive auxiliary circuitry for clamping and blanking
purposes. A chronic problem exists in the timing and shape of the opposed-polarity
keying pulses, which should be precisely symmetrical to avoid a gap or overlap at
the instant of switch. More advanced and complex circuitry has been applied to the
solution of this problem, particularly for the matting application.
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Fic. 7-2. Electronic switcher—typical circuit plan.

Wipe Function Generation

A wide variety of keying patterns can be electronically generated by conventional
pulse circuit technique. Such signals are applied in two general ways (1) for a
transition from one picture to another and (2) for a steady display of portions of
two (or more) pictures.

The term “wipe,” which originated as the description for the most elementary form
of geometric transition (in which a dividing barrier sweeps across the raster with
the new picture appearing behind it as it progresses}, is commonly applied as a generic
term to any svstem {or electronically generating patterns of raster division. A “split-
screen” is, of cowrse, a stationary wipe. Some wipe effects actually involve more
complex forms of motion, such as an iris action.

For the transition application, a variety of patterns are commonly employed, the
simplest being the horizontal (¥ig. 7-3) or vertical wipe, Diagonal wipes { Fig. 7-7)
are also common. More complex wipes are possible with wedge and irregular shapes.
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Fic. 7-3. Wipe function generator—typical cireuit plan.
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The box {Fig. 7-8) and the diamond are the most common shapes for the iris type of
motion. A wide variety of more complex patterns can be electronically generated,
inclnding “venetian blind,” “checkerboard,” circular, star, triangle, ete.

Of the stadc patterns which are employed to display portions of two or more
pictures simnltaneously, the horizontal split screen (Fig. 7-5) is the simplest and is
frequently used. Another popular pattern is the wedge (Fig. 7-6), in which a
rectangular segment in onc comer of the picture is keyed off, usually for insertion
of the face of a commentator, A vertical split screen is sometimes employed to
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Fic. 7-4. Color matting system—block diagram.

inscrt written material in a strip at the bottom or top of the picture. On occasion,
for planned news coverage, more than two signals have been combined, and as
many as five pictures have been combined to display simnltaneously the faces of
news commentators from widely scattered locations. When pictures are so combined
from different locations, it is, of conrse, necessary to phase-lock the sync generator
at the combining location. When pictures from more than two points are com-
bined, a chain hookup is needed so that each successive point can phase-lock its
syne generator and insert its contribution to the final combination.

Circuitry for the generation of wipe keying signals usually emnploys certain prin-
ciples that are common to all practical designs. A typical block diagram is shown
in Fig. 7-3. In the typical system, vertical and horizontadl waveforms are generated
as clements for the synthesis of keying signals. The simiplest patterns use horizontal
and vertical sawtooth and triangle. For more complex patterns, multiple frequency
and parabolic waveforms can be used as well. The wipe pattern is generated from
a master waveform, whichh may be a combination of basic horizontal and vertical
waveforms, by double clipping (or “slicing”) to develop a pulse signal whose timing
will depend upon the clipping level. The motion is thus imparted to the pattern
for transition effects by manually changing the clipping level through the amplitude
range of the entire master waveform. Some patterns rvequire independent clipping
of two waveforms with following mixing and clipping (in effect, logical mixing) of
the two resultant pulse signals. Additional combinations of mixing circuits and
basic signals inake possible an extremely wide varicty of patterns. In elaborate
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systems, the major design problem becomes the switching arrangement for selection
of a large number of circuit combinations.

TFic. 7-5. Horizontal wipe or split screen. Fic. 7-6. Wedge insert.

Fic. 7-7. Diagonal wipe. Fic. 7-8. Box wipe.

Fies. 7-5 to 7-8. Wipe and split-screen effects.

Keyed Insertion

Where an irregularly shaped pattern that cannot readily be gencrated electronically
is desired as a split-screen or wipe pattern, it is necessary that the keying signal be
produced by an image-scanning process. Conventional camera equipment can be
used for this, cither live or film, Flying-spot scanner equipment is particularly ap-
plicable to this application but has yet to be applied on a commercial scale.

The major application of keyed insertion has been for trick “split-screen™ cffects.
There has been limited use for transitions, generally using a live camera with a zoom-
type lens to produce the pattern motion. Film animation is another possible source
for moving patterns, but its cost has seldom been considered justified.

Fixed keyed-insertion patterns are usually derived from live cameras with silhouette
art work or with film cameras using projected slide or opague material. In using a
live camera with the usual type 5820 iinage orthicon, an important operating consid-
cration is the lens exposure setting, since excess light produces electronic halation
which can readily negate the usefulness of the camera chain output video signal for
keying purposes.

Any camera signal requires double clipping to eliminate noisc and shading com-
ponents before use as a keying signal.  The switching cireuit will normally include
sufficient clipping, but in some systems the key-insertion signal is fed through a portion
of a wipe signal generator circuit to process it adequately.
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The component pictures and results of a key insertion process are shown in Figs.
7-9 to 7-12. Figure 7-9 is the background camera, showing a map of the United
States. Figure 7-10 is the key-insertion camera, a silhouette outline of the state of

Fic. 7-9. Background camera picture. Fic. 7-10. Key-insertion camera picture.

Fic. 7-11. Subject camera picture. Fic. 7-12. Final key inserted picture.

Fics. 7-9 to 7-12. The key-insertion process.

Missouri. Figure 7-11 shows the picture from the subject camera. In the final prod-
uct, the girl appears within the state outline in Fig. 7-12.

Matting

The object of the matting process is to insert a subject {usually human) into a
background scene, sometimes for a trick effect but usually for the purpose of creating
the illusion that the subject is actually in the scene. When skillfully applied, this
process can offer an advantage of economically creating effects that would otherwise
be prohibitively expensive.

To achieve matting, the subject is televised by a live camera against a flat backdrop
of either black or white. If the video signal produced by the subject is completely
differentiated in level from the backdrop, the camera signal can be properly clipped
to produce the keying signal needed for matting. That is, if a black backdrop is used,
all parts of the subject must be lighter than the backdrop; with a white backdrop, the
subject must be entirely darker. The keying signal derived from clipping the subject
signal is supplied to an electronic switch circuit, along with the subject signal itself and
the desired background signal. This process places a more stringent demand on the
electronic switching circuitry as regards the time of switch than does the wipe ap-
plication, since a noticeable gap or overlap between subject and background is an
artificial effect tending to destroy the desired illusion of continuity. Delay compensa-
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tion usually enters into the system, since the keying signal “punches a hole” into the
background into which the subject must fit with precision and will do so only if time
concurrence is achieved between the two signal paths.

In actual practice, the achievement of successful matting faces such obstacles that
great care must be exercised in its use, and as a result, it has not become a wide-
spread or popular practice. The operating characteristics of the image orthicon are
such that small dark areas of most subjects, even though not actually of less surface
brightness than the backdrop, produce video signal voltages below that of any black
background level that can be maintained. The white-background method has a
tendency to distort the image of the subject by halation around its edges and also
presents o lighting problem in the elimination of shadows on the backdrop. When
the background must include the floor, the maintenance of a satisfactory reflectance
on a surface that is walked upon is always a problem. The lighting must, in any
case, ahways be set up with extreme care. When the sctup is not sufficiently optimized,
there is always danger of the appearance of “bleeding” resulting in the background
scene appearing through an apparent hole in the subject—often an embarrassing mis-
hap when it occurs. These factors have combined to make matting a highly special-
ized procedure, used only when the expense of a careful setup warrants it or for
tricks or “gag” effects where mishaps can be tolerated.

Color Matting

Although it may appear paradoxical, matting can he achieved with greater facility
in a color-television system than it can with monochrome. In the monochrome system,
the signal-level separation between the subject and backdrop must be ohtained from:
brightness, or haminance, information only. With color, an additional dimension of
separation becomes available—chrominance. The result is that successful matting can
be accomplished in a color system under much less stringent conditions than are
required for monochrome. The usual practice is to use a backdrop of « bright pri-
mary color, sufficient to produce full “white” level in the corresponding channel of
the system. The primary to be used is sclected on the criterion that it he comple-
mentary to the predominant color of the subject.  Since human subjects are most often
used, blue is usually the optimum backdrop color. With mixing techniques, colors
other than primaries, such as cvan, can also be used. An essential precaution is to
avoid any use of colors approximating the backdrop coler in the costume of the subject.

The matting-systemn layout in color diflers from monochrome only in keying-signal
source and processing, as shown in Fig. 7-4. The two video inputs to the clectronic
switcher are the encoded signals of the subject and background pictures.  Instead of
the subject sigual itsclf as an input to the slicer, however, the desired primary com-
ponent, hefore encoding, is used. This niay be cither an actual primary, such as
the blue signal, or a nmatrixed combination.

Electronic-camera Distortions

Certain special effects for dramatic or trick purposes c¢an be created hy means of
simple modifications to camera equipment or by the use of wnorthodox operating
techniques. The following arc the most common and easily accomplished:

Scanning Reversal

Horizontal and vertical scanning are casily reversible by the installation of DPDT
toggles switches directly in the voke circuit. The effects made possible are the geo-
metric inversion of the picture and harizontal reversing, which can be used for super-
imposition of mirror images.

Scanning Size Change

It is possible to produce sudden changes in picture size by a switch which changes
scanning amplitude.
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Polarity Reversal

Negative pictures can be produced by inverting the video signal, usually accom-
plished at the output of the camera video preamplifier. The simplest circuit technique
is to change the output amplifier from plate-coupled to a cathode follower, or vice
versa.,

Ripple
The superimposition of an audio-frequency component on the camera horizontal

scanning current causes a rippling motion in the picture which can be used dramati-
cally to suggest dreams, fading of consciousness, etc. A frequency close to 60 cps or

Fic. 7-13. Normal picture. Fic. 7-14. Rippled picture.

Fies. 7-13 to 7-14. The ripple effect.

its harmonics produces a suitable motion effect. The audio signal is normally injected
onto the grid of the horizontal scanning output tube. The effect is illustrated in Figs.
7-13 and 7-14 showing normal and rippled pictures, respectively.

Unorthodox Operating Techniques

An easily produced picture distortion with an image orthicon is obtained by reducing
beam current below the value necessary to discharge highlights. The effect is to wash
out all highlights in the picture in a manner that can appear quite weird for a “dream”
or “bleary-eyed” effect.

Video operators can usc their ingenuity in a variety of ways to produce odd effects
that a director may desire. Another example is the reduction of target voltage on
an image orthicon, changing the gray scale so as to suggest a night scene. Deliberate
display of the dynode structure by low exposure and high beam current is another
possibility.

Optical Effects

Many very interesting effects can he acliieved by attaching various optical devices
to the camera. Images can be multiplied, rotated, inverted, flared, distorted, and
arranged in a variety of different patterns. Among the devices used to perform these
effects are several types of prisms, kaleidoscopes, filters, and etched lenses.

Multifaceted Prisms

One group of prisms is referred to as the “multifaceted” prisms because of the
multiplicity of planc surfaces on the face of the optical clement. These prisms are
placed between the subject and camera lens and produce one subject image for each



Audio and Video Special Effects 6-163

plane surface on the face of the element and in a pattern corresponding to the ar-
rangement of the surfaces. A diagram of a simple prism which produces three
images is shown in Fig. 7-15. The center section C of this optical unit consists of
an optical flat and passes reflected light rays from the subject S without deviation
to the camera objective lens, which focuses it in the normal manner on the focal

-
N c
\\\ Al

Fic. 7-15. Three-faceted prism. Fic. 7-16.  Multifaceted prism.

plan at C’. Rays from the subject S are bent by the wedge section at A at such an
angle as to be received by the camera lens and focused on the focal plane at A’. In
a similar manner, the subject is redirected by the wedge section at B to focus a third
image on the focal plane at B’. Figure 7-16 shows a picture taken with a little
more complex prism of this type with five wedges instead of two surrounding the
central facet.

Dove Prism

Another useful prism is the Dove prism. This prism is placed in front of the
camera objective lens in such a manner that its longitudinal axis coincides with the
optical axis of the objective lens. Then rotating the Dove prism around its longi-
tudinal axis will cause the image in the focal plane to rotate. Figure 7-17 shows

Fic. 7-17. Dove prism. F1c. 7-18. Xaleidoscope.

this rotation in progress. It is interesting to note that for every degree that the Dove
prism is rotated, the picture image rotates 2°. In this manmer, tuming the Dove
prism through 90° will cause an upright picture to rotate through 180° and become
upside down. Another 90° rotation of the Dove will complete the 360° rotation
of the image and bring it back to its original upright position.



6-164 Studio Facilities

Kaleidoscope

One of the oldest optical effect devices is the kaleidoscope. By utilizing the basic
arrangement of the two mirrors which form a V and shooting through it, studio
scenes and performers can be picked up in all kinds of kaleidoscopic patterns. The
number of images produced will depend upon the angle formed by the two mirrors
and can be determined by dividing 360° by the angle. For example, if the angle
is 60°, six images will be formed. Figure 7-18 shows a picture taken with a
kaleidoscope whose mirrors formed a 45° angle. While smaller angles will produce
more images, it should be noted that there will be a greater difference between the
sharpness and contrast of the unreflected image at the top and the last generation
of rereflected images or image at the bottom. Even though front-surfaced mirrors
were employed in the kaleidoscope with which the illustration was taken, there is
a marked difference between the top and bottom images.

Filters

Color and polarizing filters are also useful in the production of effects. In black-
and-white television, radical changes in the gray scale of costumes, graphic arts,
scenic elements, and make-up can be created by the use of color filters. The lines

Frc. 7-19. Blue filter. Fic. 7-20. Red filter.

in the face of the girl shown in Fig. 7-19 were applied with a red make-up pencil
and a “blue” filter on the camera which took the picture made them appear very
bold. Without any change in make-up, the blue filter was replaced with a “red”
filter with the result as shown in Fig. 7-20. By adding one filter as the other is
removed, in one continuous operation, actors can be made to appear to age or other-
wise become transformed right on camera.

In color television, the filters quite obviously change hue and can be used only
when there is some particular advantage in disturbing the color balance.

Polarizing filters also produce effects when used in conjunction with polarized
light. Since most studio light is not polarized and much of what is, is of random
polarity, it is usnally necessary to employ polarizing filters on light sources to produce
the effect. For example, two words on a sign might be lighted with polarized light
of different polarities, one horizontally polarized and the other vertically polarized.
Rotating a polarizing filter on the camera would then produce the effect of the
words fading in and out alternately.

Etched Lenses

Another type of effect can be produced with etched lenses and fine-meshed
screens.  Ordinarily, great care is taken to avoid scratches on lenses, but in this
particular case, lenses or optical flats are etched on purpose with some pattem such
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as a series of concentric circles, dots, or crosshatching. The etching is fine enough
not to cause much interference with picture quality except to deflect highlights in
such a manner as to produce odd patterns of light flare. The picture shown in Fig.
7-21 illustrates the effect and was taken with a Hartley lens attachment.

Projected Backgrounds

For many years, scenic slides have been projected on the stage and in motion
pictures to provide scenic backgrounds. The technique has been adopted by tele-
vision and is commonly used to make fast background changes, provide backgrounds
where photographic realism and authenticity are essential, and produce graphic or
pictorial illustrations on news and special-events types of shows as well as commer-
cials. In this latter group, the purpose is to “tie in” narrator and picture illustrations
in one camera shot to permit the narrator to point to graphics or scenic features and
provide a transitional shot between narrator and picture illustrations.

Rear and Front Projection

Although projected backgrounds are mostly rear projected, they are to a lesser
extent projected from the front. When they are front projected, the projector is
placed overhead and directed down on the front of the background screen at a
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Fic. 7-21. Hartley lens. . Fic. 7-22. Front projection setup.

steep angle. While this eliminates the need for space behind a screen, it results in
some loss of playing area immediately in front of the screen where the actors cannot
play without interfering with the beam of projection as illustrated in Fig. 7-22. In
addition, some “keystoning” will result from the axis of projection forming less than
a 90° angle with the plane of the screen, and this may require a compensating pre-
distortion of slides or provision for an optical correction.

While rear projection must of necessity be used with translucent screens, front
projection can and customarily is used with opaque screens. Because of the superior
diffusive characteristics of opaque screens, the “hot-spot” problem normally associated
with rear projection, in which the center is bright or the side toward the camera
is off axis, is not experienced with front projection. Cameras can dolly from one
side to the other without apparent change in the light distribution of the projected
picture.

Projection Lenses

To present the camera with the most uniform distribution of screen illamination
in the case of rear projection and the least amount of keystoning with front pro-
jection requires the use of projection lenses of long focal length. Unfortunately,
these lenses create the longest paths of projection, and this consumes much space
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behind the screen in the case of rear projection and much playing area in front of
the screen with front projection. However desirable it may be to produce this
technical quality, the long lenses seldom can be used in live television studios be-
cause of the ever-present problem of space. Fortunately, because of the operating
characteristics of the camera picture tube (with highlights leveling off above the
knee of the characteristic curve), unevenness of light from lenses of short focal
length is not so much of a problem in television as in motion pictures and the quality
is generally acceptable.

Light Sources

Both incandescent lamps and carbon arcs are used as sources of projection light,
with the former preferred and most commonly used because of operating simplicity.
Except for miniature screen applications, the minimum useful lamp for black-and-

Fic. 7-23. Arc slide projector. (Courtesy of NBC.)

white television is the 2 kw. For color, requiring about three times as much light,
the 2 kw is of little value and even the 5 kw has very limited usefulness.

For the very large black-and-white backgrounds, incandescent sources are in-
adequate and carbon arcs, such as the one shown in Fig. 7-23, must be used. As
an example of the limits encountered, a fairly efficient projector employing a 5-kw
lamp dclivering 7,000 lumens on a 9- by 12-ft screen would produce approximately 70
ft-c on the projector side of the screen and, using a fairly typical translucent screen
with good diffusion and a transmission factor of 50 per cent, about 35 ft-c on the
front or opposite side. This latter measurement then represents the maximum illam-
ination possible in the clear areas or brightest highlights in the slide. Assuming that
the actors are lighted for black and white with a base lighting of 100 ft-c, faces with
a reflectance of 35 per cent would be as bright as the brightest background-scene
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highlights. Considering that a 9- by 12-ft background is not large, the capabilities
of incandescent projectors becomes apparent. In actual practice, though, studio
lighting levels are lowered somewhat and lens aperatures opened so that screens of
200 sq ft or more can be used satisfactorily.

Slide Sizes

Of the slide projection equipment, some projectors use 4- by 5-in. slides and some
use the 3%- by 4-in. slides. There is little difference in the size of the slide and also
the performance of the equipment. Generally, larger slides are easier to cool, but the
difference here is too small to be very significant.  Equipment employing slides smaller
than 3% by 4 in. is generally intended for the visual aid field and, except for use
with the miniature screens, has little application for background projection.

Film Projectors

Both 16- and 35-mm film projectors are used for moving backgrounds. A typical
35-mm projector in its housing and with its companion operating booth is shown in
Fig. 7-24. Because of the inadequacy of incandescent film-projection lamps for any-

Fic. 7-24. 35-mm rear projector. (Courtesy of CBS.)

thing other than very small screen applications, carbon arcs are used almost entirely.
The amount of light which can be projected through a small 16-mm film frame with-
out burning it is very limited. Something like 2,000 lumens is tvpical and satisfac-
tory for small screen applications in black and white but of little value for color.

For color, arc sources arc too blue and must be heavily filtered with something
close to an Eastman Kodak 85-B Wratten filter, depending upon the color of the
screen.  If yellow flame carbons are used, Jess filtering is required and cousequently
less light is lost.

Some film moving-background projectors operate at standard sound speed, 24
frames per second, while others run at 30 frames per sccond. The 24-frame projec-
tors use a two-three pull down, alternate frames being scanned for two and three
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fields, respectively, and commonly have a 3714 per cent application time. While more
expensive, sound tracks can be used, and the running time of film will not be altered,

Projectors that run at the 30-frame rate are generally less expensive because a
standard movement is used with only the gearing and/or motor speed changed.
The application time is 50 per cent for 90° shutters and longer for smaller shutters.
Sound tracks cannot be used at this speed, and picture material, if shot at the 24-
frame speed, will move somewhat faster.

Screen Materials

The performance of rear projection depends to a considerable degree upon the
quality of the screen used. One of the desirable characteristics of a good screen is
high light transmittance. A screen which transmits a small percentage of light
wastes projection light which, as pointed out previously, is commonly in short supply.
In addition to transmittance, a screen material must have good diffusive properties.

For example, light passes freely through
ax chicken wire and window glass but no

: diffusion takes place and consequently no

\(”% image is formed. Diffusion should go
3t \?91 beyond just forming an image but should
‘Z be as complete and uniform as possible.
\.1{ Poor diffusion results in a severe bright

~y
—
o

area, or “hot spot,” surrounding the point
at which a straight line between camera
and projector passes through the screen.
As the camera arcs to one side, the hot
spot follows and the opposite side of the
screen gets quite dark. Figure 7-25
shows curves resulting from measure-

BRIGHTNESS UNITS
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materials,. With the light source behind
DEGREES :
and perpendicular to the material tested,
Fic. 7-25. Diffusion characteristics of  briglitness measurements were made on

screen materials. the opposite side. As indicated, readings

were taken at angular intervals between
the perpendicular and plane of the screen, and since the material exhibited symmet-
rical characteristics, only one curve is shown. While material A showed high trans-
mittance but poor diffusion, material B shows a good dillusive characteristic but rather
low transmittance. Although material B would present the camera with even bright-
ness over the screen area, the waste of projection light would be uneconomical and
limit the size of the picture which could be produced. On the other hand, material C
shows both a good diffusive characteristic and good light transmittance. Of the three
materials, C is definitely superior.

Another consideration is the quality of reflectance. It is quite obvious that the
reflectance must be diffuse, or nonspecular, to prevent the camera from picking up
set lights, but in addition, it is desirable that the reflectance be kept low in order to
maintain picture contrast. To reduce reHectance, it has been common practice in
black and white to color-screen materials,. While this reduces reflectance, it also
reduces transmittance. Whether this is a good practice depends to a considerable
extent upon the ultimate use. If the screen is used where spill light can be con-
trolled, the problem of contrast has little significance and the undyed material with
higher light transmittance is better. Where this control over spill light cannot be
maintained, then the sacrifice of transmittance for lower reflectance may be a good one.

Beyond the optical requirements, the physical characteristics of the materials are
of some consequence. It is customary to expect rear screens to be shifted around
like studio scenery, and for this practice it is desirahle that screens be made of light-
weight, reasonably rugged materials. Some of the plastics, such as polyethylene and
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polyvinyl chloride, have been found suitable. Another excellent material is latex.
While this latter material has excellent optical propertics, it is somewhat more fragile
than the plastics.  Just how durable the material must be is something that can best
be decided after the actual application is known.

Lighting for Rear Projection
In addition to good equipment, the proper employvment of studio lights is also

essential to the successful use of rear projection. It is important that “key light™ he
kept off the screen. To do this it is necessary for the actor to play a distance at least
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Fie. 7-26. Cross lights on rear projection  Fre. 7-27. Cross lights on rear projection
set (elevation). set (plan).

equal to his height in [ront of the screen just as he would—or should—with other
background scencry. Then it may be necessary to direct the kev lights in from the
side and erploy them as cross lights as in Figs. 7-26 and 7-27. The esthetics of this
mayv be questioned, but the end result seems good encugh to justify the means.
“Back lights” as indicated in Fig. 7-26 should be barn-doored to keep spill off the
screen.  And finally, the placement of the “fill light” is important. Fill light should be
placed on a line which in plan is an extension of the axis of projection right through
the screen into the plaving area and in elevation as in Fig, 7-28. With the £l light

CONTROLLED
FILL LIGHT

Fig. 7-28. TFill light on rear projection set.

set up in this manner, the camera will see a hright area on the screen corrcsponding
to maxinmum reflectance of this light, By a fortunate coincidence, this bright area cor-
respands rather closely to the projection hot spot.  Sinece the fill light has the effect
of reducing contrast and since it reduces it most in the hot-spot area where contrast
is highest, the proper setting of this light will greatly minimize the hot-spot effect.
While this fill-light setup is not offcred as a panacea for the hot-spot problem, it is
suggested as a means of minimizing it
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Shooting Rear Projection

Good projection and screen equipment having been used and the set lighted
properly, there still may be evidences of the hot spot which will prove troublesome
unless the screen is shot properly. Referring to Fig. 7-29, the best way to shoot a
scene from projector A is along the axis of projection with camera A, To camera B,
the right side of the screen would appear bright and the left side dark. If it is

s‘&@%
scReEN 0 ° CAMERA B
G
-~ ~
CAMERA  axis OF | . -PROJECTION ~ -
L = o CAMERA A e
P PROJECTOR 1 ~~
?,Qv /// A ___________ : _________ - _/-;
My CAMERA CTY ™ 7
XS B B |
Fig. 7-29. Shooting on axis of projection Fig. 7-30. Shooting on axis of projection
{plan). (clevation).

known that the preponderance of shooting must be done with camera B, then pro-
jector A could be moved to the location of projector B.  Focus would have to be
split, and keystoning might have to be corrected. The same rule also applies to
elevation. With the axis of projection parallel to the floor as shown in Fig. 7-30,
the scene should be shot with camera A rather than camera B or C.

Slide and Film Processing

Another essential element in background projection is the slide or film. To what
gamma these should be processed will depend to some extent upon the nature of the
picture and how used. Generally, density results in loss of projection light and should
be no greater than is required to reproduce the necessary picture detail and con-
trast. Density beyond the contrast range of the screen or the television system is to
be avoided. Safe rules to follow are those currently set forth for good television film
reproduction.?

AUDIO EFFECTS
Introduction

Sound effects in television are similar to sound effccts in radio, but there are defi-
nite differences. For instance, in radio where there is no picture, the sound effects
must create an image in the listener’s mind. Actually the effects must be very real,
and there can be no doubt left in the listener’s mind as to what is happening. If the
sound is obscure, then the dialogue carries the story to make sure everything is
obvious for the listener. So the sound effects here must be quite realistic.

In TV the eyes take over for most things and the eurs are not so conscious of the
sound effects except those which are easily recognized. The important problem here
is that the sound effect must synchronize with the picture exactly. Otherwise the
out-of-sync action will be noticed. In radio any slight delay could be covered by
the actor, but in TV this is difficult to do. The sound effect in TV does not have
to be so creative, depending upon what is seen. However, quite often an effect is
more complex and requires more study. It depends entirely upon the scene. It is
sometimes even possible, if a scene is fast moving, that the effects may be com-
pletely submerged and music takes over. Then, only the highlight effects take over.

1 K. B. Benson and J. R. Whittaker, Monochrome Television Film Standards, J. SMPTE,
January, 1958,
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There are four basic types of effects which must he considered for TV work.

First are the effects that are on mike or on camera. These effects one would ex-
pect to hear with a picture, as the picture would show the effect in action, for in-
stance, a telephone bell ringing. The video picture would show the telephone bell
or handset, and the audio would transmit the bell ringing—when the telephone is
answered, the sound of the cradle being lifted would be heard. There are many
other effects on wmike or on camera which might have to be done by sound effects.

Second are the effects that are off camera.  Thiese effects are very much like radio
cffects and must be quite creative in themselves. They must paint a picture strictly
by audio. For instance, perhaps a scene calls for the arrival of a person in a car.
Let’s assume that one of the actors might be looking out a window frowm inside a house.
The viewer hears a car drive up—which is off camera, actually a sound effect. The
actor would react to this effect, and the camera stays with this actor, never going
outside. The car stops; the car door opens and closes; the car drives off.  All this
time the camera stays inside on the actor’s facc to get a recaction shot, The next
things that are heard are footsteps and a knock on the door. So far everything that
was heard was done by sound effects. When the actor opens the door, a second actor
is standing in the doorway. The actor had been there all the time, but the audience
got the story. It was all done with sound cffects.

Third type of effects are thase that are used for background or to set a scene,
For instance, if a scene opens outdaors or on a strect, one would expect to hear some
traffic sounds—especially if it is a city strect. It might be a side street, and a car
might never drive past, yct as long as the camera is outside, the viewer would ex-
pect some sound. In a night scene outdoors in the country, night sonnds like
crickets wonld be heard. All these various effects help to set the scene.

The fourth type of sound effect in TV which is completely different from radio
is the type where the sound man must crcate a sound track for a silent film., This is
done mostly with news fihm, which is nsually shot withaut track except for film
which may have dialogue—and anvthing and everything may appear on film. Tt is
up to the sonnd-effeets man to get a viewing of this film and then put in these effects
while the film is broadcast on the air, and this is one place where synchronization is
very important. Usually there is never sufficient time to prerecord any sequence of
effects before air time, so the sound-cffects mman needs equipment that is considerably
flexible. In the following pages some of this equipment is desecribed.

Sound-effects Console

Introduction

Radio and television production requires a wide variety of sound effects. Some
of these eflects are produced manually, some electrically and some from recordings
of the actual sound. In order to repraduce and amplify these varions effects, tumn-
tables, amplifiers, and associated equipment are necessary. A console (Fig. 7-31)
to do just this for TV has been designed and constructed, and several have been in
use for a number of years at CBS.

The Turntables

The console consists of three variable-speed turntables and four pickup arms. The
variable speed is very desirable for sound-eftects use. Most of the sound-effects rec-
ords ave cut at 78 rpm, but by being able to change record speed it is possible to
get a varicty of effects from the same disc. For instance, with a sonnd-effects record
of a car rnning, the variable speed allows the sonnd-effects man to vary the speed
cduring a chase scene or to even slow down and stop the car. Records played at
78 rpm can give other cflects at slower speeds. For example, a waterfall record can
be made to create an explosion at slow speeds.
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Fic. 7-31. Sound-effects console. (Courtesy of CBS.)

The Pickups

The four pickups used are so designed and installed that any two arms will work
on at least one table, so that all four arms can be used at once. This is valuable for
cross fading and continuing the same effect for a long period of time such as a car
running, a train-wheel click, etc. In addition, two different cuts of the same record
can be played at the same time or quickly cross-faded. Another effect is to play a
smaller record of one effect on top of a larger record, in effect, having a fourth turn-
table. Still another effect is to place two pickup arms in the same groove. By so
doing an echo can be obtained, as one arm is one-quarter turn behind the other arm.
The type of pickup used is a crystal with a replaceable steel needle. The reason for
this is the necessity for fast cueing of sound effects. Originally a magnetic induction
pickup was used, but the men were missing cues, so the crystal type was installed.
It is not possible to play LP cuts with this type of arm. The fidelity is good enough
for most sound-effects use with the exception of applause, which is difficult to re-
produce authentically under any condition.

Amplifiers

Each pickup is equipped with its own preamplifier with a self-contained equalizer.
The equalizer can raise or lower the treble end. This is useful for sound effects to
be able to change response to suit arising conditions. It is possible with this setup
to play voice cuts of records made overseas and make them more understandable than
if they are played on so-called Hi-Fi reproducing equipment. These preamplifiers
are fed to a mixing network along with two other inputs. The two other inputs can
handle a microphone for acoustical or manual effects such as doors, telephones, bells,
etc., or one of these other inputs can use an input coil instead of a preamplifier. Then
it is possible to use additional high-level inputs such as other turntables, Foster elec-
tronic gun, tape devices, etc. The individual controls have a cueing position on the
fader so that a cue can be found rapidly even though the console is feeding other
effects on the air. This is very useful when last-minute changes have been made or
a marked cue has been lost during an air show. As shown in the block diagram,
Fig. 7-32, there is a booster amplifier between the mixing network and the master
volume control.
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Miscellaneous

A sound-effects filter of the low-pass—high-pass type is used for an over-all effect.
This device has roll-off frequencies of off-100-250-300-1,000-2,000-3,000-4,000-5,000
ou the high-pass and off-5,000-4,000-3,000-2,000-1,000-500-250-100 for low pass.
Provision is made to feed a cue speaker for the actors over the particular set in which
a scene is played. This is important so that the actors can heuar the sonnd effect and
react to it. Tt is possible to set up as many as six speakers in this way. An owver-all
volume control is used to prevent feedback between speakers and the sound-effects
mike.

Conclusion

To show how a sound-cffects man is actually set up to do a show using this turn-
table, see Fig. 7-33. First of all, the output of his console is {fed on a line directly
to the control-room audio console. He checks levels by using a tone record when

SF T0 CONTROL RGOM VIDEO
cue | [<F—PROGRAM CUETO SLE.
SPEAKER| | | -DIRECTOR CUE TO S.E.
P
SCRIPT AND RECORDS |
\) - %
— TURN TABLES
@ @
TELEPHONE MIKE
BELL ———
PROP
TABLE — | |ELECIRO
EFFECT
|

Fig. 7-33. Simplified circuit showing how a sound-effects console is connected to control
room.

he checks in. Usually Lis fauder in the control room is left open, and he is responsible
to see that only those sounds that go to the control room are the correct sounds. The
line that feeds the control room carries all his effects—recorded, acoustical, or elec-
tronic, In order to work this equipment remotely from the studio, the sound-effects
man needs first of all to wear earphomes so that in one ear he hears program cues
which includes his own effects. Iu the other ear he can select cither director’s cue
or boom cue, as he must anticipate every cue. He has to be ready for it when it
appears on the screen and synchronize with the visual effect. At this poiut he could
use several heads, one to watch the monitor, one to watch the script so as to prepare
the up-coming effects, one to watch the VU meter, one to watch what he is doing at
the moment he is making a particular effcct. e must ride all his own gain includ-
ing his owu mike and he able physically to fude on and off manual effects. He must
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make sure the level to his speaker is enough so the actors can hear the effect but not
so high as to cause feedback to his own mike.

Original work on sound-cfects consoles was started many vears ago hy Walter
Picrson and more recently by Davidson Vorhes, Acknowledgments are also made
to Howard A. Chinn, CBS chief audic video engineer, under whose direction this
design was undertaken, to Price Fish and Bob Monroe, project engineers on the turn-
table console.

FElectronic Gun

The Problem

A device to reproduce the sound of gunfire electronically has been a desire of
sound-effects men for many vears. There is now such a device that comes very close
to doing just that. To achieve the dynamic range of an actual gun, the acoustic
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Fig. 7-34. Foster gun and Foster remote control—block diagram.

range is impractical, so the next best approach is necessary. That approach would
be a sudden change from zerc sound to maximum in as short a time as possible.
The first approach was to key in some sort of a continuous sound having the con-
tinuous sound set at a maximum level. The next problem was to {ade out this sound
at an appropriate rate so as to simulate a gun firing. In dramatic shows in radio,
live guns have been used for some time and can create a good effect.  One problem
has been the acoustic problem of damage to the microphone. As previously men-
tioned, an eclectronic device is impractical to get the same level. It is impossible
actually to read the volume unit of a live gun, and usually the audio man just lets
it vide. The peak is so high and short it is usually ignored with the thought that
nothing ean be done about it anyway. ln TV there is an additional problem. If an
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actor is handling a live gun on a set with an open boom mike, the gain of the cir-
cuit is so high that the audio man has very little if any control on the live gunshot,
which will then reach the TV transmitter with enough level to actuate the limiter.
As the limiter acts very rapidly, the louder the level reaching the limiter, the less
sound that is actually transmitted because the limiter is pushing down as fast as
the sound is pushing up. When the sound effect stops, the limiter requires a fraction
of time to recover—sort of catches its breath—and, consequently, there is no sound
at this point at all. So a gunshot that may sound great in the studios sounds terrible
on the air, particularly at the local transmitter. Across a network it will not be too
bad, as the various audio amplifiers will do a certain amount of compressing and
prevent the rest of the transmitters from limiting along the network.

The Solution

Since the level of an clectronic device can be controlled, the maximum is con-
trolled which never reaches the level of a live gun.  So to simulate a gun, the sound

Fic. 7-35. Foster gun and Foster remote control. (Courtesy of Teletronic Devices.)

is extended instead of peaked. In other words, the gunshot is stretched out, which
makes it sound big in the listeners” ears. This whole effect can be done simply with
one tube acting as a noise generator and a second tube as a keyer. So to overcome
this difficulty the electronic gun actually extends the length of the sound effect by
adding to the original gunshot and putting a tail on it. The live gunshot can actually
trigger the electronic gunshot but has to do so very rapidly; otherwise there is a
double-shot effect. Another method is to not have any sound from the actor’s gun,
only smoke, and the sound-cffects man fires the electronic gun manually. Here there
is much more realism and levels are maintained. In TV it is best to work down from
the loudest sound such as a gunshot to get a proper dynamic range between gun-
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shots and dialogue. Usually there is considerable compression and equalization in
film which is not done in live TV. Consequently, there is much better control in
film, and the gunshots on film sound fine. Shown is a block diagram, Fig. 7-34, of
a very elaborate electronic gun and Fig. 7-35 with two guns, double remote control,
ricochet, ete.
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Fic. 7-36. Circuit of regular telephone with bell, dial tone, ringing effect, and self-
contained batteries.

The Telephone

Telephones are widely used in TV dramas as well as in radio. In Figs. 7-36 and
7-37 we see a sound-effeets telephone which has gained wide acceptance in the in-
dustrv.  This design accomplishes the following effects:

Telephone Bell Ringing. The bell sound that is used is a general type and can
be used for a wide variety or tvpes of telephones and will be acceptable. Operated
by the sound-effeets man this can also be rung on the set by remote control.

Telephone Ringing in the Line or at the Other End. Here there is no bell sound,
but it is the sound the caller would hear in his earphone as the second party’s tele-
phone is being run by the telephone company. It is operated by the sound-effects
man.

Various Types of Clicks. The clicks are used to indicate connecting parties to-
gether or a distant receiver being hung up, This sound would be heard by the
caller who would be on camera. It is operated by the sound-effects mau.



6-178 Studio Facilities

Fic. 7-37. Regular telephone with self-containgd batteries, busy signal, dial tone, ringing

effect and bell.
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Ire. 7-38. Cireuit of electronic telephone showing transistors.
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Busy Signal as Heard by Caller. This is operated by the sound-effects man in any
rhythm the director desires. Very close to the actual sound—good enough to give
the effect.

Telephone Effects Using Transistors. In addition to the telephone device shown,
CBS has recently developed in the sound-cffects department a method of generating
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Fic. 7-39. Electronic telephone using Fic. 7-40. Circuit showing hookup of two-

transistors. way telephone filter effect.

and amplifying the necessary effects for telephone use with transistors. Circuit data
are given in Fig. 7-38 shown when a battery supplies the power for the two-tone
generator circuits, key click, and bell-ringer effect (Fig. 7-39). This is all contained
in a modern handset with the handset mounted on the batteries. This particular
type of bell set sounds very modern, so it can really be used only with a modern
telephone prop. All the above effects are performed on the sound-effects micro-
phone, and it is up to the sound-effects man to achieve the right perspective accord-
ing to the picture. This is done not only by a change in volume as the picture gets
tighter on the telephone ringing but also
by bringing the instrument closer to the  PHONE ON SET
sound-effect microphone.  Other tele-

B L A vari PHONE
thc\)xv;ﬁecls are achieved in a variety REGULAR i

CUE

Telephone Filter. For instance, a s0- REGULAR ?
called telephone filter uses a normal mi- CUE
crophone which is fed through a sound-
effects filter. The sound-effects filter is ?HEYPE{IEIJ%‘EREI(SIEI\g%}S PORTION SF
usually a low-pass—high-pass type which USED. THIS IS CON-
in esseynce thenl becom?%s a bandpass filter. NECTED TO REGULAR CUE
This means that the low frequencies and  Fic. 7-41. Circuit showing hookup of prac-
extreme high frequencies that can be tical telephones.
heard normally are cut off with the sound-
effects filter, so the effect is that a person is talking over a telephone or the voice is
“fltered.” Quite often in TV as well as radio the actors switch places or reverse their
“on” and “off” camera positions in which case the filter mike has to be reversed also
by the audio man. This can be done with one filter unit and a reversing key that
requires the output of the two mikes that are being used to be reversed. The reversal
takes place at the output of their respective preamplifiers (see Fig. 7-40). Another
possible method is that the filter is switched by the switcher on certain camera takes.
This is a video interconnecting svstem with the audio filter. This would actually be
set up for each program as needed. This method helps eliminate errors.
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Practical Telephones. Another device that is needed in TV is a “practical” tele-
phone for the actors talking on the telephone—both on and off camera. These tele-
phones are made practical by actually (Fig. 7-41) connecting the receiver part of the
telephone handset to a cable that can connect directly to program cue. So the
actors then can hear themselves as well as all the program and the other end of their
telephone conversation even though they may be quite a distance apart. Occasionally
a switchboard can be used in a show which is not practical except for inserting the
telephone plugs. In this case, the sound-effects man would have to supply all the
necessary buzzers and bells that the switchboard sound might need. It usually is
simpler to add the sound effects than it is to try to make the switchboard practical.

Bells, Buzzers, Chimes

A device that is widely used in TV is the sound of a doorbell or door buzzer and
occasionally a chime. Once a particular bell or chime is selected for a set, this
unit has to be always available whenever this particular set needs it. Door buzzers

i

F1c. 7-42. Doorbell with self-con- Fic. 7-43. Door buzzer with self-
tained batteries. contained batteries.

are made up in such a way that a selection of various ones is available (see Figs.
7-42 and 7-43). The buzzers and bells are mounted on wooden boxes which also
contain the operating batteries. They are shock-mounted on rubber also. Several
types of chimes, door chimes especially, are always in demand. Figure 7-44 shows
one type.

Reverberation

Definitions

There are various ways of producing “echo” and reverberation. These iwo terms
are used synonomously, but actually they are different. Echo is a distinct delay that
reproduces the original sound once or several times over, Reverberation is a con-
tinuation of the original sound with no separation between the original sound and
the continuation. The term “echo chamber” is used almost universally when actually
it is a reverberation chamber.
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Acoustical

There were various acoustical designs of echo chambers that have been used for
years in radio and are still used in TV. With the advent of the so-called Hi-Fi
sound, echo and reverberation have been used and misused to give music a big
sound. Realistic acoustics of a large auditorium are difficult to reproduce syn-
thetically without actually using the auditorium. One approach acoustically is to
use a large hard-surfaced enclosure and feed this enclosure with a loudspeaker (see
Fig. 7-45). The sound from the loudspeaker bounces around in this room enclosure
and is picked up by a microphone in the
same area. The output from this micro-
phone is then mixed with the original
sound, and a big sound is achieved (Fig.
46). Many have been designed for this
purpose; included here are the specifica-
tion for these designs.

Engineering Department CBS Report
E 578-M

The volume, shape, and acoustical
characteristics of reverberation chambers
are of prime importance as is the sound
isolation afforded these umits. Accord-
ingly, as a minimum, the following pre-
cautions should be taken in their con-
struction:

1. Reverberation Time. The reverber-
ation time shall be as high as possible;
i.e., rigid plaster walls finished with un-
painted Keenes cement or equivalent shall
be used. Fic. 7-44. Dual electric chime.

2. Sound Isolation.  Sound-isolating
construction shall be employed for walls, ceilings, and floor to ensure a residual
noise level of less than 30 db (ASA A weighting) under normal ambient-noise
conditions.

3. Room Location. In order to alleviate the sound-isolation problem, reverberation
chambers shall not be located close to potential sources of noise.

4. Room Volume. Room volume shall not be less than 2,000 cu ft and preferably
larger.

M
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SEE ENGINEERING SPECIFICATIONS ON NETWORK ECHO
ABOVE CHAMBER CHAMBER

Fic. 7-45. Echo chamber—block diagram. Fic. 7-46. Patching echo chamber—block
diagram.
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5. Room Dimensions. Rooms shall be roughly rectangular, but the ratio of any
two dimensions shall not be a whole number or very close to a whole number (a
ratio of length to width to height of 1.6 to 1.25 to 1.0 is generally found satisfactory).

6. Room Shape. No two walls shall be parallel to each other, nor shall the ceil-
ing be parallel to the floor. Opposite surfaces shall be out of parallel by about 5°
{approximately 1 in. in 1 ft). Preferably the walls and ceiling surfaces should con-
sist of sections 4 to 8 ft wide and angled with respect to each other in accordance
with the above.

Tape Echo

With the advent of three-headed tape recorders an electromechanical method of
achieving echo was discovered. A very simple design of this type of echo is shown
in Fig. 7-47. This machine, Centronix, has a record head which, when moved, can

ko

F1c. 7-47. Tape reverberation device. (Courtesy of Centronix, Inc.)

change the delay in echo. "This makes it especially useful for various trick effects,
etc. Most standard three-headed tape machines have all their heads fixed, so it is
not possible to do too many tricks. Another design of tape echo which has found
widespread use is the Audio Instrument machine. This design is very versatile in
that a great variety of effects can be changed to get all sorts of reverberation and
echo. This is shown in Fig. 7-48. The desired effect is a matter of end use.

Piano Echo

A piano can be used for an echo effect by simply holding down the loud pedal
and speaking into the strings (Fig. 7-49). This works quite well for dramatic effects
but, of course, is difficult to control, as reverberation is quite long. This method was
used in radio for many years.

Mechanical Reverberation

A very simple method of reverberation is shown in Fig. 7-50, where a bronze
sheet is driven from one end and reproduced from the other end. This principle is
very old. The trick is to get the sheet vibrating with the sound, and of course, since
it is mechanical, it will take time for the sound to die out, which is the reverberation.

Figure 7-51 shows a professional unit type EMT-140 reverberation unit by Elec-
tronic Applications. This unit is already finding widespread use by the industry.
There are undoubtedly many other designs which might be included here.
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Fic. 7-48. Tape reverberation device. (Courtesy of Audio Instruments.)

DRIVER
UNIT

al

REVERBERATION
SHEET
PHOSPHOR BRONZE

e——MOUNTING

FRAME
. PICKUP
UNIT
? [ PRE—AMP
Fi16. 7-49. Piano for reverberation showing Fic. 7-50. Simple bronze-sheet re-

mike placement. verberation.
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Fic. 7-51. Reverberation unit. (Courtesy of Electronic Application, Inc.)

Tape Devices

For many years there has been a definite need for an automatic tape loop device
for sound-eftects use that could be built with a number of multiple loops. The most
difficult part of cueing sound-effects records is synchronizing these sounds with the
picture. Once this is done, then repeating a cuc while still trying to watch the
monitor becomes a physical impossibility. Many suggestions have been made to use
tape and record all the effects in the proper logical sequence. This is not too prac-
tical, however, as with a lot of effects, each one would still have to be cued as the
previous effect finished. This would naturally require a lot of editing of tape, which
would be expensive. In addition, as changes were made in the show from rehearsal
to rehearsal, the sound-effects man would find himself thoroughly confused. He
might find some effects deleted, timing changed, or some effects added. It is really
more practical to have on tape only those things which have to be cued up very
tightly to synchronize such as thunder, gunshot, explosion, automobile horn, etc.
Continuous sounds such as traffic, rain, and water running can be cut in from a sound-
effects record of a full cut of sound effects. Several tape machines of this type for
quick cueing have been designed and built. One of the first was the so-called “laugh”
machine, which had tape on the edge of 12-in. discs 4-in. thick. These discs were
under constant pressure to move but could not owing to a stop mechanism on the
side of each disc. Upon pressing a key the disc was released and the tape traveled
past a pickup head to give a reaction effect. This machine is fine for this audience-
reaction type of work but would not be of much value in quick cues for sound effects.
There was too much time between the start of the disc and the effect. In addition,
changing tapes was difficult. A later model of this machine was designed with 16-mm
tapes. This was not much better for sound effects but was all right for audience
reaction. Since then several approaches have been tried and one model has been
completed that works very well (see Figs. 7-52 and 7-53). Very short loops or
loops up to 2 min can be used. The tape loop recues itself by going through its
cycle and shutting itself off. The present machine has only three loops but is being
changed to six loops. The only load the capstan must drive is the loop and a slight
pressure to keep the loop taut as it passes the playback head. Cueing is very fast,
with no wow or flutter of any sort. Transistorized preamplifiers are used throughout.
Tapes can be changed quite rapidly. Using a tape machine to supply sound effects
can be done with the turntables described. A block diagram (Fig. 7-34) shows how
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Fic. 7-52. Tape SFXer Binnie and Hartman design—front view.

Fic. 7-53. Tape SFXer Binnie and Hartman design—back view.

6-185
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this is possible. Once the effect is put on the tape and edited, splicing tape is used
between effects so that progressively each tape is cued up. This will work if there
is sufficient time to cue up between tapes, and of course, any timing changes during
the playing of any particular tape will cause a loss of synchronization of that par-
ticular effect.

TURNTABLE LINE
CONSOLE ouT

RECORD SETUP
PRIOR TO AIR USE

TAPE
e RECORDER
RECORDER RECORD
PLAY
AUX TURNTABLE
INPUT CONSOLE

Fic. 7-54. Circuit showing output of conscle feeding tape recorder and also tape recorder
feeding into console.

The output of the console can be fed to the record section of the tape recorder
during rehearsal, so that sound-effects records can be dubbed to the tape to make
up the necessary sequences. A very recent tape device in use today playing sound
effects is the MacKenzie that is used at Disneyland and is a tape repeating device.
This machine is shown in Fig. 7-55 and is excellent for sound-effects use. It has five
magazines which are made up separately and can repeat individually. Cueing is
very fast. This device should find many uses in sound effects as well as other fields.

F1c. 7-55. Tape device. (Courtesy of MacKenzie Electronics, Inc.)

Other Electronic Effects

With the advent of LP records a more desirable type of portable record player was
designed to be used by the sound-effects man. Inasmuch as sound-effects men are
called on to play various types of music records as well as sound-effects records,
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especialy for backgrounds, cafes, night clubs, etc., this particular design was a must,
This table uses a good four-speed turntable and a properly balanced and weighted
arm so that LP and EP’s can be played with good quality. Although not so elabo-
rate as expensive turntables usually found in control rooms, it still has found a wide
use because of its portability. For cueing purposes it is equipped with a transistor-
ized amplifier that feeds a small speaker encased in the turntable case. This is
shown in Fig. 7-56.

The “Boing”

One type of electronic “boing” that is widely used is in effect a guitar string that
is stretched over a magnetic pickup. The pitch is varied by a handle on one end.
Figure 7-57 shows this device, Another type that is used is the ordinary Jew’s-harp.
This takes an artist to play it, however.

Fic. 7-56. Portable turntable for LP and EP as well Fig. 7-57. Sound-effect

as 78 rpnm. “boing” showing steel
string.

The Electronic Bat Crack

During the baseball season a good bat crack for sound effects is a necessity and
something difficult to synchronize with a picture. But no more (see Fig. 7-58).
This device uses a solenoid and tempo block operated by a foot switch. All the
sound mun must do is watch the monitor, and by stepping on the switch at the pre-
cise moment, he gets an cfect of a bat crack, At the same time with his hands he
operates his crowd-reaction records. It is not generally known, but most films of
news events, except for actual spceches, are shot silent and the sound-effects man
supplies all the effects. So during the baseball World Series rehash, he supplies all
the effects on this news program.



6-188 Studio Facilities

Frc. 7-58. Electric “bat crack” showing foot pedal.

Oscillators

Various types of oscillators are used in sound-effects work. Usually there is a
demand for tones of all types. So everything from beat-frequency oscillators to
single-tone self-operated types are called for. One type that found favor was the
neon oscillator, shown in Fig. 7-59. This particular device was used mainly because

Fic. 7-59. Neon oscillator for sawtooth tone.

it would not change pitch over a program but would remain on pitch. This was
important as it blended with organ music.

Electronic Chime

A recently developed device which is finding many uses is an electronic chime.
This device, shown in Figs. 7-60 and 7-61 uses three separate tone generators and
three separate keying tubes. Any type of tone can be used, although in this case
the tones are generated in a triode oscillatory circuit and keyed in as needed. Nor-
mally each keying tube is cut off, and when triggered, maximum sound comes through
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Fic. 7-60. Electronic chime—three-note.
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Fic. 7-61. Electronic chime—Dblock diagram.

and fading is controlled by an RC circuit which can be almost any value to gct the
desired effect.

Manual Sound Effects
The Door

The sound-effects door that was designed for radio is also widely used in TV,
Since this is a visual medium, the sound effects might look unnecessary. However,
this is not the case. Quite often a door will open and close which will not be “on
camera.” Consequently the sound should be heard as indicated in the script. Other-
wise, the story will not have continuity or meaning. Then quite often a door that is
on camera or is visual may not sound like a door, or it may have the wrong latch on
it or may be too far away from a mike to pick up the actual sound. In this case,
once again the sound-cflects door has to “fl in” the vacant sound. Occasionally a
simple effect such as a knock on a door may cause a set to move or shake while on
camera. Here once again the sound-effects man does the actual knocking, even
though the actor may go througl the motions. In Fig. 7-62, front, and Fig. 7-63,
rear with screen, is shown a “door” that has been designed and constructed for radio
and TV.
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Fic. 7-62. Sound-effects door (front) Fic. 7-63. Sound-effects door (rear)
showing door latch, chain, and acoustical showing screen door.
chamber for resonance.

The Sink

Another widely used device for sound effects is the sink. There is a sound-effects
sink which is self-contained with a pump that provides running water from an actual
faucet (Figs. 7-64 and 7-65). As can be seen in the exposed diagram (Fig. 7-66)
this sink contains besides the sink a circulating pump, a reserve tank, a motor, and
a vent and is connected with rubber hose to cut down noise. The motor must be
running to provide running water. Consequently, used on the air this means it must
be very quiet. The motor and pump assembly is cast heavy-duty and is shock-
mounted on rubber mounts. The pump can run without having the faucet open, so
that the pump has some pressure in the faucet before it is used. The reserve tank
holds enough water so the sink can be filled if necessary. The vent allows this to
happen without siphoning out the sink water. The entire cabinet is lined with sound-
absorbing material 1 in. thick. The power switch is a mercury switch, so there will
be no noise when it is switched on in a very quiet studio. This device is very useful
in TV, since it is difficult to make sinks on camera practical.

Horses’ Hooves

Coconut shells arc wsed as much in TV as in radio depending on the seript.
Almost any effect which lends realism and can be controlled is actually much better
done “live.” Rubber plungers can also be used. Actually making a horse effect
calls for good rhythm and coordination, and only a few people arc gifted this way.
When used with dirt or gravel as shown in Fig. 7-67, dirt should be wet down to
avoid dust.
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Interior view of electric sink.
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Fre. 7-65. Sound-effects
running water.

showing

sink
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Fi1c. 7-66. Electric sink—block diagram.
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Fic. 7-67. Horses’ hooves in dirt box—  Fic. 7-68. Wood squeak for sound effects.
using coconut shells.

Door Squeak—Wooden

A wood squeak is caused by two dry pieces of wooden material rubbing together.
A form of one type is shown in Fig. 7-68. Actually one end is in a dowel shape.
This is moved in another piece of wood, preferably hardwood, and the squeak is
adjusted by tightening down on the dowel. This must be adjusted to get a proper
squeak. The whole assembly can then be put on a door with a temporary C clamp.
This squeak can then be operated by a sound-effects man as in Fig. 7-69. This way
the squeak does not have to follow any rigid pattern but can be different each time.
One door for Inner Sanctum was actually built for just that show. So that no other
show would use this door it was kept locked. When the show moved from one net-
work to another, the door traveled with it.

B

Fic. 7-69. Sound-effects door with wood F1c. 7-70. Sound-effects window showing
squeak attached. shade.
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The Window

A device which is used quite frequently is the window. This is shown in Fig. 7-70.
One window is hung with regular sash cord while the other uses chains to give a
different effect. There is also a place for a window shade, as occasionally such an
effect is needed.

Floor Boards

Most studios use concrete floors and tile. There is also a demand and need for
wooden floor boards that are portable. A wooden floor board is used, of course, to

Fic.
board.

~1

-71. Footsteps on a wooden foor Fie. 7-72. Footsteps on a stone slab.

show actual movement or footsteps, especially when there is no dialogue present
(see Fig. 7-71). Quite a few directors insist on footsteps, so all sound men carry
an extra pair of shoes for sound effects with hard leather heels. Footsteps are not

1

Fic. 7-73. Footsteps on gravel (in bag).
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used so much in TV as radio, however, as it is possible to see movement and any
fast movement such as running can actually be picked up with the actor doing the
effect.

In addition to wooden floor boards, sound-effects men are called on to simulate

F1c. 7-74. Sound-effects stairs ( portable).

walking on sidewalks. A marble slab about 12 by 24 in. can be used for this as
shown in Fig. 7-72. Movement is expressed by walking in one spot up and down.
Sound effects men are also called on to do footsteps on gravel, sand, snow, metal
floors, brush—and you name it. Note in Fig. 7-73 steps on a gravel bag. The gravel
is contained in a double canvas bag so that the sound will come out but not the
gravel. This way there is no mess or spilled gravel on the studio floor. However,
if the director insists, the bags can be opened casily and the gravel can be spread

Fic. 7-75. Footsteps on a slanted board for stairs effect.

out on a canvas over a larger area. In a similar manner bags can also contain corn-
starch to get an effect of walking on snow, or a small cardboard box of cornstarch
well wrapped can give the same effect very close to the sound-effects microphone.
The box is squeezed by hand. Occasionally an effect of walking in brush or through
trees is called for, in which case broom straw is used. This can be done by hand or
can actually be walked on if there is sufficient room.
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Stairs

Wooden stairs are called for occasionally, and a set is shown in Fig. 7-74. If these
are not available, there is a simulated effect which can be got from a floor board or
a slanted board as shown in Fig. 7-75. Since the board is slanted, it is impossible to
walk flat on it, so the foot slides onto it as in the case of stairs and the heel sound
is not heard—only the sole of the foot.

Glass Crash

This shows a type of manual glass crash that actually breaks a piece of glass.
Window glass is supplied in an 8 by 10 size, and when one or two sheets are placed
in this frame, it can be broken by pushing down the lid of the machine (see Fig.
7-76).

Fic. 7-76. Glass-crush machine.

Prop Table

A very important item that is used on practically every show is a prop table. Prop
tables have heen designed in a number of wavs. This table has a cork top so that it
is quiet and durable. The height is a matter of practical mike placement on one side
and the height of the sound man on the other.  Besides holding props, this table can
be used for such things as a body fall with elbows and amms Janding on it.






