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<2 hobby.  But such an expenditure would not be. excessive for some i
fe professxonal installations. ' o '

, Prefaeé. N

TI—IE purpose of this book is to introduce the radio enthusiast
to the art of disc recording and to explain in practical terms, the \
~elements of making high-quality records. Disc recording requlres fos, -
more mechanical ability or knowledge than the average - rad10man~ .
. possesses: ‘It can e a fascmatlng and product1ve ;adjunct to radlo, or'a.
..nbUSiness or hobby in itself. - Many hours of pleasure and proﬁt can be '
‘spent in de51gn1ng and constructing recording systems.. B 8
' The owner of a well-built installation can readily acqmre an ex=
- cellent record library of music recorded from the radio and by art1sts_'
at home, as well as history- maklng speeches, public events, and per--
“sonalities. - Musical backgrounds, with commentaries, can be provided
for home movies. - In addition, the serviceman will profit from a thor-
ough knowledge of recording. More and more radxos today are equrpped o
to make records as well as play them. L
‘Ttis expected that the reader has a fundamental knowledge of‘
radlo, but every detail of the récording. process is described in this book. . .
The. recordist will find design and construction” data for amphﬁers'
equalizers, ‘and control equipment.  The processes of adJustment and . '
~* the steps in makmg a good recording are given in, detail. Throughout; *
" the hows and whys of recording are fully dlscussed to grve the reader :
a thorough knowledge of the subject. e
- The type of equipment to be purchased depends on'two thmgs the - i
~‘use-intended for the equipment, and the putchaser’s pocketbook. It s
possible to record radio programs with .an initial ‘expenditure of ‘less -
than $25.00. ‘The results, however, will not bear critical hstemng and
- may have little entertainment. value., On the other hand, it is p0851ble
to spend several thousand dollars for the recording equipment. Natur-
ally, few ‘amateurs are willing or able to spend. this kind'of money. on,_ :

oo We can only suggest that you let your pocketbook and, enthu51asm ”,:‘;
o <be your guldes Let us xllustrate what ‘we mean. Suppose you w1sh to,' e
a3 . k& )\ f,':, .’::’5,‘



‘ ,;make records purely as a\hobby and’ plan to play them on. yo 1r $45.00 -
' table-model rad1oph0nograph The. frequencv response of stich g ma- |/

~ chme at-best is about '100-4, 000 cycles Harmomc dlstort1on is probably .

" in the order of 1007, to 200}. There is l1ttle advantage to be gained

o *from buying high-fidelity recordirg equipment. - True; the h1gh~ﬁdel1ty".

recordings will sound a little better, but not enough better to warrant -

o ~the extra cost. On the other hand, those who enjoy music and have a

-phonograph capable of reproducmg wide-range records should consider

©2.~high-fidelity ‘recording equipment '(if they can afford it). They prob—"];

W ably wotild be dissatisfied with the results from low-fidelity equipment. =

& “When recording for others, profess1onally, equipment must be as

good as you can afford, since it is a business investment. Here, ‘too;
“intended: use supphes the answer to what to buy. Are. the customers .

v:‘ profess1onal muisicians who must have perfect recordlngsP ‘Of are they
less critical average people who are primarily interested in the noveltv‘

i »_’aspect oof hearing their friends’ and relatives’ voices? G
Hav1ng determined the ultimate use .of the equ1pment this much s e

_stire: no two' péople will have to purchase the same items. of equ1pment, :

o One. ‘may have a suitable amplifier on hand, another a microphone, a’

third a heavy-duty turntable. In this book, we have attempted to eval-.

‘ uate each part of the whole with ‘this in'mind. The reader must deter—f : 5
- omine: which items he must get, and ‘then ‘balance cost against intended =~
" use in determining how much he spends for each part. Naturally, the

~ ‘goal is the best results for the smallest expenditure. =

5 It is our hope that this book will provide the ‘answers to all the ™"
" important. problems. encountered by the recordlst and that it wrll be of'-’ .
~.continuing value as a ready reference. 5
The publishers acknowledge with thanks the cooperat10n of the fol-' ;

. " lowing manufacturers insupplying illustrations for. this book: ~Figs.

201, 306, 308, 1401—From book “How to Make Good Recordings”— .
-~ “Audio Devices, Inc.; Fig. 1111-~Cinema Engmeermg Co. ;. Figs. 803, .

804—Electro Voice, Inc - Fig. 303—Fairchild" Recording Equipment.
L ,;Corp Fig. 403——General Industries Co.; Flgs 304, 401, 406, 408, 502,
~ .~ 1103, 1112—Presto Recording Corp. ; Fig. 405—Rek- O- Kut: Co.; Fig:

v_g'802—The ‘Turner Co.; Fig. 402—~VV11c0x -Gay Corp.; Figs.: 503 605
1805—Brush Development Co Fi ig. 102——Cook Laborat0r1es R ‘




Chapter | 1

Recording System éElemgn-ts :

DISC recordmg involves the engravmg of a sp1ra1 groove in .

a flat disc of semisoft material, The groove is a prec1se spiral during
periods of no modulation; but when an audio signal is’ recorded, the

path of the groove varies from side to side in accordance with the posi-

- tive and negative variations of the impressed audio. . Fig. 101 showsa =

portion .of one groove. In Fig, 101-a the gfoove‘ls urimodulated—no

signal has been recorded. The groove takes. a’ perfectly spiral path”

arotund the dlSC In Fig. 101-b a signal has been recorded. " The path -

. of the groove fluctuates from side to' side (that is, ‘laterally) w1thm'_, :

- narrow limits, in accordance with the signal. (In the- drawmg, ‘the:

lateral variations are much exaggerated.) Fig. 102 is an actual ~micro-
photograph o®a small area of a recorded disc. The 3 wavy .grooves: .
. are recordings of a 1,000-cycle sine wave, while the 2 at each side are- -
~ unmodulated grooves. '

!

N

'A~UNMODULATED GROOVE B-MODULATED * GROOVE

Fig. 1-’01‘—1»1——Gro‘oé;e without signal vecorded; b—wiih Signal ‘rec_'ordétji." e




'_ In playmg back the phono plckup needle travehng in: the groove
deﬂected from 51de ‘to side by the varxatlons it the ZTOOVE. path; Thxs,., B
teral movement is- transfated by the. p1ckup 1nto an: audlo‘ voltage; A
orrespondmfr to the flictuations. o
- This recording method is known as lateral rec01d11'1or because the;";?:, i
sgroove varies in:a late1 al direction. . There is a second method, vertical. =

or “hill and dale” recording, so called because ‘the ‘variations” occut: 1
‘a plane vertical to the disc surface. In this system, audio’ ﬂuctuatlons; ey
vary the depth of the engraved groove rather than its lateral path which
remains a perfect spiral throughout. The early Edison records were
recorded by the vertical method and today some-broadcast transerip- .
“tions are made in this manner because of certain inherent advantages. '
vVert1ca1 recordmg bemg confined .to a very\ few large transcr1pt1on'

Fg. 102——Actual “‘microphoto  of groovex with” ond”
. : without modulation. ‘ . :
- manufacturers ahd the equipment: ot beingvenerélly a.vailahle we Will
" confine ourselves to lateral recording. < ’
The elements necessary: to produce a Iateral dlSC recordmg are:
. 1. A flat disc with a surface suitable for engraving;
.. 2. An engraving tool (the stylus) ; AL . ‘
3. A means of convertmg electrical energy into mechanlcal move-
- ment of the engraving tool (a cutter or cuttmg head); - o
4. A means of 10tat1ng the disc under the' engravmg tool (motor o
and turntable) ; K
5. A method of movmg the engravmg tool slowly and unlformly SRR
along the radius of the disc, to produce the spiral (Jead screw) AR,
6 An amphﬁer to supply audio power:to the cutter, : o




Chapter | 2

" | 'The Disc B SRR ’

THE discs used in making instantaneous records—those which -

can be played back immediately w1thout processing, the type with which
we aie concerned—are all basically similar.. The best- quahty discs. cotl="

- sist of a flat aluminum base, coated with a. spec1a1 composition. . This,

, composmon used to be misnamed “acetate” - (it "is usually ceIIuIOSe‘ ‘

nitrate, actually) ‘and the discs are still popularly known as acetate

-~ discs. " Fig. 201 shows a typical recording "disc. Note the extreme .

smootliness and. regularity of the sutface. E
Cardhoard -and similar materials are often used as bases in- smaller

sized discs for reasons of economy. These materials do not provide a.

hard enough baclung to allow good. cuttmc of the h1ghe1 frequenmes

tig, 20Y—Typical wirror-smooth recording. disc.




: coatmg almost 1mposs1ble

Table 2—-1 — Recordmg trme in mlnutes

’lhey are porous, and the1r comparatwely coarse texture makes a_ mooth

This causes surface noise. Generally, they

TN

“Disc

Lines per Inch

“Diam.’ A ; L
;“inches | 78 rp.m, 33 2 rpm L
e | 12 120 96 12 | 120
6| 1:14 1:267 | 154 — A et
. 8 | 228 | 232 3:48 — — _
L0342 4:18 5:42 S 2:10 2:31 2:42
T2 4:56 5:44 7:36 5:03 5151 6:18
16 | —— —_— — 10:48 |+ 12:36 | 13:30

. bility are not important.

"R is r.p.m. of turntable.

Recording space depends on the record size, but a 12 inch dis¢, for L

T -is recording time in minttes ;
N is feed screw 'pitch, in lines per inch;
.5 is recording space, in inches;

NS
R,

CT= —, where

,are used only for voice récording in' cases where audlo quahty and dura— sl

e Tables 2-1 and 2-2 show disc diameters and recordmg t1mes ava11- A
L able at the standard turntable speeds of 3334 and 78 r.p.m. (see Chap—‘,' S
“lter.3) and at various pitches of thé lead screw (seé Chapter 4).
L any other COHdlthl’lS than' those 11sted use the formula;

- instance, does not allow 12 inches of recording space. At least A 1nch

];Di;fl_ 78 r.pm.| 334 rpm.
6 1 —
8 2 | —
10 3 0.75
12 4 175
16 - 375

Table 2-2 — Recording space (S) in inches,

must be left arcund the rim; the label usually takes up about 3 1nches - o
- and another 14 inch must be left around the- label.

Values

When
33%5 r.p.m,, it is best not to use the space under 8 inches d

.~ to loss -of h1gh frequencies (see Chap. 11) except in thid
-~ cording with reduced groove widths.
been ﬁgured on this basis, and Table 2-2 giyes recqrding 5|

in Tab

recording at

le 2-1 -have .
bace forueach

For

jameter, due ... -
rogroove re- i




‘sxze of dlSC at each speed When ‘using the formula, substltute the
value shown in Table 2-2-for the factor S. = Diameters over ‘12 inches .
should not be recorded at 78 r.p.m., because the: speed of the'disc as it
passes the: stylus becomes so great- that the stylus w111 be qulckly wo1n'v”
~down. .
Each manufacturer makes several grades of discs. They vary . -
‘ prlnc1pally intype and thickness of base and thickness of coating. ‘Where * .-
cost is important, the second-best grade will usually be ent1re1y satls-f
'factory for all but the highest-quality profess1ona1 work, ;
g It is wise to try several brands and grades, since preference varxes
. with individuals. Except for occasional amateur special purposes, how-
~ ever, no base material ‘but aluminum .is acceptable Never use an-
branded or factory -reject discs.” Coating is usually uneven, and the :°
cutting stylus is very 11ke1y to be ruined. Be sure-the d1scs w111 he ﬂat-1 .
on the turntable 4 : , o




~ Chapter | 3

<

| Motor and TurntabIe

PROBABLY no part of the recor dmg system is 50 capable of |
doing harm as a poor ‘motor and turntable, because, if it s 1nherently
unsatisfactory, there is just no way to “make it do.” The 2 most im- -
portant requirements are sufficient power and constant speed.

©As the stylus bites into the disc coating, it creates drag-on the . - =
revolvmg turntable—a drag many times greater than that ‘of a pickup '
‘needle: " Most  turntables made only for playing records would stop:

: - Fig. 3‘01~Si11“¢fle direct-drive turntable. . - Fig. 302—Rim-driven turntable.

if a 1ecor“ding stylus were lowered to the surface of a disc on them.
Never useé a turntable not specifically des1gned for making records.
a0 ‘When a phonograph turntable varies its. speed, the musical tones
. -appear to waver or “wow.” This is because the tones produced depend”
on the rate at which the groove variations pass under the pickup needle.
- 1f they do not pass at a steady rate, the tone will be unsteady. - Simi-
S larly it the speed -of .the recording turntable is not . constant, the tones S
R ’w111 ‘waver when played back on a good phonograph ‘ p




Speed of a typ1cal good 1eco1d1ng (01 playback) table"1s co 1t
*to within %5 of 1%, and, within any single revolution, w1th1n A of %
o when under load (cutting o record). Smce the human ear can‘.a :

- Fig. 303——Precmon bmlt divect-drive a.r.rembly

, w1th great discomfort variations of even 1% in musical p1tch it is clea‘rlf .
that there is not much room in a recording system for inferior turntables L

Recordmg Speeds ' ‘ .
The speed of the turntable must be not only constant but also
. standard.  The 2 standard speeds are 78.26 r.p.m. (the speed of stand- .

rard phonograph records) and 33 1/3 rp.n. (used in most broadcast.
- transcriptions and in long—playmg records.) At least: one type-of rec-

- ord revolves at 45 r.p.m. but this is not yet considered a standard speed. -
If ‘the recording turntable revolves faster than the playback table, the’

E groove variations will not be passing under ‘the plckup neelle as fast.as:

7, they passed under the recording stylus. The music will then be lower
"in pitch when it is played back than it was in'the original. Conversely,
if the recording table is too slow, the pitch will be raised in playback.

TIf a.c. lines are available, the recording motor should always beof =

the synchronous type. Speed of these motors depends only on the lme v
- frequency (usually 60 cycles) and not on the line voltage. VLT
Another source of wow is the signal peak. “When a high- level .

passage is recorded; the stylus swings laterally a greater distance, Tt

bites into a larger ‘amount. of the disc coating in-a given time. than
. when low- level passages are.in progress The amount of drag caused |




v

by the stylus depends not only - on: the welght of the cutter and the,‘ ’4
; fhardness of the disc coating; but also on signal level, .which changes

. power to overcome the load changes

- Fig. 304—An outside . mm-drwen turnitable. Lewer at left pushes idler
agamst the rubber-tived vim. This iable is used for playback, not for vecording.

There are various methods of couphng the motor: to the turntable

- The simplest, at first glance, is'direct coupling, illustrated in Fig. 301.
Here, the motor shaft—or a shaft geared to the motor—ls fastened-
dlrectly to ‘the center of the turntable.

- “Direct drives: are reliable only in the most expensive and prec1se1yv
" built units of the type shown in Fig. 303.

The method most commonly in use today for all grades of units is

- . . Fi, ig.| 305—~Idler wheel may dewelo{J
: flat spots. : v
~rim drive, shown in Fig 302. Here the motor shaft friction-drives a
 rubber- edged wheel. The rubber wheel contacts the inside edge of - ‘the
3 turntable elther dlrectlsr or through one or more idler wheels of

.

momentarlly Itis very important that the motor have sufﬁc1ent reserve .




1m11ar construction. er dr1v1ng requlres less. torque from th

althotigh motor speed must be. hlgher for a given turntable r.p.m. :
for direct drive, Since speed is cheaper to incorporate into a: motor ;
than torque, a good rim-drive table can be purchased for: much Iess»‘ .
,than a d1rect-dr1ve arrangement g1v1ng comparable results LA

Vo

Fzg 306—S: poke pattern result of ‘idler. “flats”

There are variations in rim-drive arrangements. " F requently sev=’
—eral idler wheels are provided to reduce turntable rumble (vibration
transmitted from. the motor) and to allow for 2-speed: operation by .
selecting the proper idler combination. Often the idlers and the motor -
shaft are placed outside the perimeter of the turntable, as in the unit™ =
shown in Fig. 304. In this unit, the lever at the left-is placed in either
of 2 slots to select the proper idler for the desired turntable speed A
significant advantage is a third position of the lever, ‘which removes all =
idlers from contact with the turntable when-the unit is not in use.-"

Fig. 307—Simplified belt- drwen turntable.

!

In tables which do not include such an arrangement it is good prac- e
tice to perform the same operation by hand. A piece of rubber pressed _
against a metal object will tend to assume the shape of the metal obJect

- 15



after a tlme When the turntable is 1evolv1ng, the pressure is. evenly RN

dlstrlbuted around the idler wheel, but if it is allowed to stand for long. =\
perlods the 1d1e1‘ will develop a “ﬂat 7 as shown in I‘lg 305 There- S

Fzg 308—Moiré pattern, resultmg from motor "
) wbmtwn or wori. zdlers )

after, turntable. revolution will be. uneven and poor recordings will

result.. Records cut on a miotor with a flatted idler will frequently have .

a-visible spoke pattern similar to that in Fig. 306.

.. -Belt drive is used in a few high-quality systems (see Fig. 307).
The chief value of belt drive is the mechanical 1nsu1at10n of the’ motor
~ from the turntable.

+The 3 types of units, then, are divect dri ive, rim. drive, and belt ,
drlve Of these, rim drive is the least expensive.” When well built, it -
is satisfactory in-every way, Rim-drive recording assemblies-are sold
in a, wide price range—from about $15 to over $150. - Even the cheaper
ones, will .give satisfactory results if the standard of:performance de< .
manded is not too high. For high- fidelity work and professional appli-
. cations, it is always best policy to use a good, substantial turntable.

Direct drives are inherently the imost prec1se of the three ‘types.
‘But this is true only when the machining is exdet, the shaft very hard,
. and the gears (if any) very carefully made and ahgned Low- prlced‘ '

d1_rect drives’ are seldom satisfactory.-

_ Tt is necessary to use some method of mechanical insulation. Every
motor has some wvibration, and if transferred to the turntable as rumble,
*a low-frequency hum will be recorded. Records made on a table with

| ‘;msufﬁment mechanical' insulation” will appear like those.in Fig. 306. or

 Fig. 308. "The moiré pattern of I‘lcr 308 ‘can be caused also by ‘worn

- -rubber 1d1els or amphﬁer hum




Another 1mportant factor in’ choosmg a tur*ltable is its speed At:' o
33 1/3 r.p.m.,; a given size dise will glve longer recordmg time, a’ good',
featule However most :of the i mexpenswe tables are made for 78 T p m.

o \— TURN TABLE

WELL

OlL FILM. "

SHAFT
OolL !
: "BALL'BEARING '
Fig. 309—Typical bearing of a rim—dﬁé)én turntable.

only. At 3374 r.p.m., more power and less speed are required of ‘the

motor ; but in terms of actual speed variations, regulation must be better -

than at 78 r.p.m. since 0.5% of 3334 represents a. smaller allowance for
variation than.0.5% of 78. A 2-speed table, for that reason at least,

will cost -more than ‘a_straight 78 of comparable quality. * However;

2-speed tables, especially those 16 inches in diameter, are recommended.
The turntable itself may be of iron, steel, aluminum, or an ‘alloy.
The pr incipal considerations are its flatness and riuidity——a requiremernt
not present in playback ‘tables, where ribbed construction is often. used——
and its weight. It should be as heavy as the torque of the motor will " -
allow. = A heavy table has a high moment of inertia—it acts asa welghted ,

flywheel—which is very valuable in- smoothing out small speed varia- - &

tions. caused by changes in audio level.

But do not look for. weight alone. A few makers have p1esented‘ e

' very heavy turntables with motors of insufficient’ power ‘to drive them. -
Unless it is accompamed by ‘an adequate motor, ‘a wewhted table is a
l1ab1hty

Bearings of a recording table should be substantial and as nearly

frictionless as poss1ble A typical bearing used in a med1um—pr1ced“ :f" e

recording table is shown in Fig, 309. ;

Turntable diameters range fron: 10 inches to slightly over 16 inches. ‘
- Although some 10-inch tables are made for dual-speed operation; good
practice does not allow 33 1/3 r.p.m. recording at diameters under:§ -
inches, so not much is gained with a 10-inch disc. It is unwise to pur- -

chase a 2-speed table smaller than 12 inches in diameter. For idéal

2-speed results, a 16-inch table is the best choice. Never attempt to use ik
a disc lorger than the turntdble. : P ‘

17




o Chapter 1 4

‘ The Feed Mecfha_nﬁism. .

THE feed. mechanism controls the available 1eeording time on -
~a dis¢ ot given diameter; the direction of cut (outside-in or inside- out),» :
< the prec151on with which the grooves are spaced, and the general con-

,,.,mechamsm determines, - t0 a gr eat extent the quahty and con51stency
of recording results.

" tne lathe. (see Figs. 403,405, 406, and 407.) They may be distinguished
v,.,by the location of the lead screw, which is usually’ underneath the motor .

tig. 401—Lead screw, with spiralling. crank.

board of swmgmg arm recorders and above the board on lathe mech
anisms.

“ venience with which the mechanical operations can be performed. * The

Two p1mc1pal types are in present- day use, the swmgmq arm and. "

The lead screw is a threaded rod which is geared to the turntable i

e and mounted parallel to the table, on the mechanism. The cutter mount: =~

" is engaged with the lead screw, and the revolution of the screw ‘pushes
- “cutter and stylus radially across the disc as recordlng proceeds. This
“causes the groove to spiral .instead of remaining a perfect circle, as it
<~ would if cutter and stylus were not moved across the record A Iead
T screw is. shown in. Fig. 401.

e Swmgmg Arm Mechanisms

- Fig. 402 shows a complete- recording and playback 1nstrument
B usmg a typical swinging-arm mechamsm "The arm ‘on. the right is;




Fig. 402—Complete recorder with swinging-arm mechamsm culter
is at right. .

quite similar in appearance and function to a pickup arm. A cutter is
mounted in its forward end instead of a pickup cartridge, ;

Fig, 403 shows the feeding method of this type of mechanism. The
lead screw (séen under the motor board) is geared to the motor. The
cutter arm may be moved over the disc just like a pickup. The arm
and rod A are rigidly connected together.. When the arm is lifted from -
its rest and the stylus placed on a blank disc, the 2 flat pieces, B, of

Fig. 403—A swinging-arm recording chassis
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'metal frest between thr eads of the lead screw.. By ordinary screw actlon, T

f the tmnmc of the lead screw: forces B alono the  length: of the screw.

TURNTABLE ‘

" GUTTER
ARM -

Frg. 404—Swinging-arm feed; Gear 4

driven by wmotor. or turntable; gear B, on

cutter arm, wieshes with A, causmg the :
! arm to swmg :

‘ evemy pushed across the dlsc and a spiral groove 1esu1ts When cutting
is ended; the arm may be lifted.. B then rises off the lead screw and

~.* photograph.

Theve are variations of the swmgmg arm feed. One of these is

soo7shown in Flg 404, Gear A is driven by the miotor or turntable (through
‘a reduct1on -gear train to attain slow speed). The teeth of gear B, which

CH Fig. 405—An overhead lathe mechanism.
e 20 . S .

. W1th B go 1od A and- the cutter arm. Thus, the stylus is: slowly and,

R

the arm is free to. be placed back in its rest, where it is’ shown in the -

S



Fig. 406—A fairly elaborate overhead: lathe recording table.

is rigidly fastened to the cutter arm, engage with those of gear A, caus-
ing the arm to swing. Swinging arms are also made with friction drives,
rather than lead screws or.gears. ‘ :

\
"l

Fig. 405 shows a mechanism of| the lathe type The oumde postq

Lathe Mechanisms

(the vertical support at right) is fastened pe1manently to the motor

board: The mechanism may be raised by using the handle at the. left,
since there are horizontal and vertlcal prOtS on top of the outs1de post -

To record, the center post at left, is placed over the center pin of -
the turntable. A small locking pn‘1 extends upward ‘through®most:
recording turntables. Both disc and center-post skirt are’so oriented
that the pin goes through 1 of the 3 holes in each. This locks turntable, .
center post, and disc tolgether o that one cannot rotate w1thout the
others.

When. the turntable and. disc revolve the center post also revolves ‘
The top of the center post and the 1eft end of the lead screw are con-.
nected by a worm gear, so that the lead. screw also revolves, though at
a much slower speed The cutteris 1L01d1y fastened to the cutter mount, - -

which slides freely along the smooth! gulde rods. ‘When cutting is.to -

begm the feed lever. is operated engamgmtr a half-nut in the mount w1t

21
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the lead scr ew. ~The revolvmv 1ead sCrew’ pushes the half- nut and the{ .

,cutter mount and cutter across the disc.

‘Some more complex lathe mechanisms are made.‘ In most of them,
" ‘separate levers are used to lower the stylus and to engage the mount
‘with the lead screw. This is desirable for making lock-grooves and
’splrals (see Chap. 12). Fig. 406 shows a typical professional mechan-
ism, including a liquid (dash-pot) vertical damper to reduce vertical
stylus motion due to vibration. It has such convenient accessories as
a recording time scale, a crank for turning the lead screw by hand and
a calibrated microscope. Various lead screws may be inserted in this
‘mechanism to vary pitch (explained later in this chapter) and direc-

I L
T = TRACKING ERROR

Fig. 407———Why 1 ‘ap/eing ervor occurs with
the swinging-arm feed mechanism.

~tion-of cut.  There is, in all these mechanisms, some arrangement— . |

,,dften a simple spring-—to regt11ate stylus pressure.

‘ ’Purchasmg a Mechanism | \

< Swinging-arm mechanisms a\Lre almost always cheaper than lathes
lat gely because they are s1mp1er
- “tion is also snnpler they are more suitable for the layman. However,
as can be seen from Fig. 403, before the motion of the lead screw
‘reaches the stylus, it has to pass through 2 fairly long levers, rod A
and the arm. These levers have a small amount of flexibility. and the
" grooves, therefore, will not always be as evenly spaced as the lead screw
alone would ‘permit. ;

- Another disadvantage is the tracking error introduced. Fig. 407
“shows a cross-sectional view of the stylus tip. At one point, the flat cut-
ting face of the stylus is perpendicular to the groove, which is correct.

* But as the arm moves in, the styl}us cutting face is at an odd angle with .

s

in construction. Because their opera-

o




respect to the groove:- This distorts the groove shape and, to a certain
extent, impairs recotrd |quality.. Trackmg error is invariably. present
to some degree in pickups,. but since playback needles are round, not
flat on onie side, the needle contour presented to the oncommg groove is -
almost always the same, regardless of small tracking errors; “the error: -
in a pickup, therefore, is not of such great importance. Trackmg error -
in a cutter will not ploduce ideal records, although, for nonprofess10na1
" use, it is'not too serious a defect. :
Swinging-arm units are satisfactory for amateur use if they are
solidly constructed. They are deﬁmtely indicated where expenses must -
be kept down, since excellent swmgmo arms are available at prlces under |

Fig. 408—A high-quality swinging—arm mechanwism.

$50, although more expensive ones, such as that in Fig. 408 are alsof‘ :
made, e
The lathe mechanism will usually space the grooves with accuracy,‘ -
depending entirely on the precision of the lead screw threads. - Since
the parts are usually heavier, lathes are generally more- solidly con-. -
structed than swinging arms, and will give more consistent. results. .
They are available at prices beginning under $100 and extending
upward to several hundred... In deciding how much to spend on a ldthe.
mechanism, the use to which it will be put-is important. For making -
records and transcriptions for broadcasting or for reproduction by
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. pressing. (see Chap. 13), nothing but the finest is permissible. This
“means: highly accurate lead screws.and precisely machined. parts allow-
“ing no excess play. If records are to be played on home phonocraphs,v

" the requitements are less. severe.

Units with time scales, vertical dampers, inter changeable Jead
screws, lead screw cranks, and other convenient accessories are desir-
~. able, but these coriveniences are expensive and not by any means neces-
“sary.  Even an inexpensive lathe, carefully adjusted and properly used,
 will give excellent results. No lathe, however, should be operated by
_ a novice, and for that reason, if the recorder is to be used by a layman,
. swinging-arm feed is a better choice than-a lathe.

PltCh and Dlrectlon ‘ ,
Lead screws come in a var1ety of pitches. The pitch at which the
" screw is threaded determines the number of lines per inch (Lpi.) cut

in the disc. To determine pitch of a record, place a ruler on the diame-

WEIGHTED
BASE

Fig. 409—Omne type of bmsh to xweep
away the “chip”.

- ter and count the number of grooves appearing within 1 inch. Usial

pitches (except for microgrooves) are between 96 and 130 lLpi. Of
-course, the higher the pitch the more recording time available on a given
~size disc. However, higher pitches mean smaller separation between .

grooves. A more accurate lead screw is mecessary and audio volume
must-be more carefully controlled, so that there will not be enough ex-
cess Stylus movement to cause cutting into the adjacent groove. A good
compromise is 110 or 112 Lp.d. For recording times at various pitches,
-see Chap. 2.
Recordings may be made either inside-out or outside-in. Standard

phonograph records are always cut outside-in, and most instantaneous.

records and transcriptions are made the same way. ‘
During cutting, the stylus cuts a thread of material (known as the

chip) out of the record coating. The chip is thrown inward by the -

“stylus. ‘When recording outside-in, some provision must be made for
- clearing away the chip. before the stylus gets entangled in it. Several
brushes are sold which may be laid on the record surface. They will
-automatically clear away the ch1p as it appears and wind it up around

. the center post. One of these is shown in Fig. 400, Many comniercial -

~recordists use a small tube, attached to the cutter, leading to a suction
~motor. Suction is the most convenient and safest way to remove chip,
: but'the metor must be filtered for r.f. and'a.f. interference. -

. ’2‘4'

ofa



Chapter | 5

The Cutter

THE function of the cutter is to transform the electrical (audio)

of the stylus. There are’ 2 common types: the magnetic and the crystal.

Magnetic Cutters

But ‘the pickup is used to convert mechamcal movement -to electrlcalv‘f

PERMANENT
MAGNET

DAMPERS-—

POLE ——
PIECES

AF.FROM
AMPLIFIER

PIVOT “-STYLUS

MOVE MENT

Fig. 501——S¢m1§hﬁed sectional view of magnetu .
cutting head.

energy, while the cutter does the opposite. Fig. 501 is- a simplified
drawmg of the working parts of a cutter. A pelmanent magnet, shaped

"energy furnished b the recording amplifier into mechanical’ movement
gy y g amp

The magnetic cutter is similar in design to the moving- coil pickup..

like an inverted U, supplies a magnetic field which is concentrated by

“the split pole pieces into a small area. The armature, mounted between .’ "'
sets of dampers of rubber or similar material, pivots between the lower

portions of the pole pieces. The upper end of the armature is free to- -

R . move laterally, and the cutting stylus is fasteried to the lower part. :
The audio output.of the amplifier is fed to the coil, producing a



polarity at the ends of the armature. This ‘polarity, of course, changes

“with' each -alternation. When the top of the armature has the same

 polafity as the left pole piece, it will be repelled and will travel to the

< rright, During the next alternation, the polarity ‘will be reversed, and -
the armature will be attracted to the left pole piece.

. Since the armature pivots near its lower end, the stylus which is

Fig. 502——/1 magnetic cuiter,

: ”rattached to the lower end will always move in a Jateral direction oppo—
_site to that taken by the armature’s top. If the stylus is in contact
"o with-a’ revolying disc. of suitable material, the path of the groove it -
““engraves will vary laterally in accordance with the motion of the stylus
‘In playback the needle of the reproducer, of which Fig. 501 is also
. a drawing, is movéd laterally at an audio rate by the groove undula-
* - tions. - Movement of the needle causes the upper part of the armature
to move ; and the moving coil, cutting lines of force from the permanent
-magnet, has induced in it an audio voltage which can be amplified.

L Crystal Cutters

- The governing prmc1ple of the crystal cutter is the piezoelectric

- effect. A block of crystalline substances—notably quartz and Rochelle

salts—will exhibit an electrical potential -between its-faces when the

- block is subjected to mechanical pressure or torsion. Conversely, when

) voltage is applied to the faces, the crystal will twist or distort.. This

~effect is used in crystal microphones, pickups, - and frequency control
instruments as well as in cutters.

: ~The usual crystal cutter is formed of 3 to 5 slabs ot plys of Rochelle

“salt crystals. . The stylus is mechanically cotpled to the assembly, and




an audio voltage is applied to the crystal faces. . The mechamcal d1stor-".‘_‘ |
tion of the crystals produced by the voltage results in movement of

- the stylus. The direction and amplitude of the movement depend on:
the polarity and magnitude of the voltage: A
 The magnetic cutter was developed first, along with the movmg-.’
coil pickup, and both units are still used in most of the high- quality re- -
cording and reproducing systems, especially in broadcasting: -

To give the best results, the magnetic cutter must be very care- . .
fully made. Most of the parts in the assembly are very small, allowing =
tolerances only in thousandths of an inch. This calls for skilled and . -

expensive workmanship. The cutter may have one or more tesonant
points caused by dimensions of certdin moving parts. In good mag-
netics, these are almost nonexistent. The rubber used for dampers
dries out and must be periodically replaced. Distortion may occur on::
loud passages because of excessivé compression of the dampers at the -

points of maximum armature travel. Magnetic cutters are available  :
with frequency ranges as high as 10,000 cycles These are very costly -

: One is shown in Fig. 502 el
The ruggedness of the magnetlc cutter makes it quite sultable e

for use by amateurs. It can take considerable overloads and can wlth- it
stand a fair amount of knocking around w1thout being damaged. Tt'is “::

practically unaffected by temperature.

The ‘crystal, on the other hand, ‘is sensitive to temperature and

can easily be cracked by an overload or by being dropped. For low:

Fig. 503—A crystal cutter. Brush M odel RC- 20 cutter. shown.

cost high-fidelity 1esqlts however, it is often preferred by semlplofes-‘ :
sional users. The unit shown in Tlo 503 is flat from 50 to 9,000 cyclesf :
and costs about $15‘ Compare thlS with the magnetic in Fig. 502, "
which, with about the | same fr ‘equency range, costs about $150.

Spec1a1 circuits are required for connecting a crystal cutter to an
amplifier if the usual|phonograph record fr equency response is desired.

Magnetics are sold with popular impedances — 4-8, 15, and 500 ohhs — .
and need only be connected to the amplifier’s output tlansf01 mer. : How-
ever, more ﬂex1b1lity | in selection of 1esponse curves is p0551b1e w1th g

the crystal, .
o2




Constant Amphtude versus
Constant Veloc1ty '

, SOME records are cut with a constant-velocity response curve,

others with a constant-amplitude curve. Still others——ordinary phono- -
. graph records, for instance—employ a combination or modification of -
~ ‘these basic methods. What is meant by these two terms?. What are

. the uses and cotiiparative advantages of these methods of cutting? The’

frequency responise of the entire recording system can be judged and
. measuired correctly only when they are thoroughly understood, and
“applied. ‘Curves are meaningless unless the dlfferences between con-

Y ;stant amplitude and constant velocity are understood

Constant Amplitude

. First consider the action of the crystal cutter. In a pieZO—electric T
crystal, the amount or .amplitude of physical twist or distortion—and
therefore the distance the stylus moves—is dependent on the value of

“voltage, regardless of fr equency. In the crystal cutter, it is ‘the groove

' w1dth or am/;lztude which is directly controlled by the Voltage If the
frequency is high -and the voltage to the cutter terminals is kept. con-
~stant, the anmount of stylus travel is just as great as it would be at lower
frequencies. If the stylus is to cut as wide a path at 2,000 cycles
~.-‘as it did at 1,000 cycles, it must, of course, travel faster. Stylus veloc-
© wity, in a crystal, is therefore variable. ‘
: If stylus travel is dependent only on input voltage, w1th velocity

changing as necessary to keep inches of travel constant, frequency will =

<. not be a factor. This is shown in curve A of Fig. 601. Since the
--vertical axis denotes amount or amplitude - of stylus displacement, the-
curve will have to be flat if the input voltage is constant. We, may
- then call the response of a perfect crystal cutter a constant- amphtude
“response. )
- A perfect crystal pickup has the same characterlstlc output volt-
‘age depends entirely on amplitude of groove variations, without rela-
- tion to frequency. Thus both crystal cutter and pickup are constant-’
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amphma’e dev1ces, and curve ‘A in° Fig: 601 is a constant amphtude
‘curve.” The pickup’s. response . complements - ‘that of an ideal crystal
cutter. The pickup delivers a constant output voltage when playmg S
a record cut by a constant- amphtude crystal cutter. :

Constant Velocity Sy
Now consider the magnetic cutter. Stylus movement is produced L

by movement of the armature, which, in turn, is preduced by reaction 5
of an electromadnetlc field with a permanent magnet field (see Chap. £
5). Ina motor—whlch the cutter is—speed or veloczty of movement . -

of the coil and its armature is directly dependent upon the. magnitude
_of the impressed voltage. Note that nothing is said about the total -
amplztude or distance of the movement. A motor armature will con- -
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Fig. 601—Outputs of zdaal constant- amplmtde (A4) . and constani- 'z/elocu‘y (B\‘
‘ record, reproduced on deal constam‘ amphtude pickup.

tinue to rotate as long as voltage is apphed to it. . Only the -z/eloczty7 R

is affected by the voltage.
When we apply d.c. to the armature wmdlnd of a magnetic cutter,

“the stylus moves at a veloczty determined by the amount of voltage. ' It

will continue moving—in the same direction—until either the voltage
is removed or the armature is physically. restrained from moving" fux-
ther by the dampers and pole pieces. When we apply an audio voltage,

the reversal of polarity at the end of each alternation limits stylus travel,. ~ .7 |

" just as removing the d.c. voltage did. !
Fig. 602-a-shows a 1,000-cycle sine wave of a certain voltage 1t

the entire cycle takes 1/1,000 second, then one-half the cycle will take :

1/2, OOQ second and one-fourth the cycle will take 1/4,000 second. At ::j;_ ;
' o Co29




pointh,(‘the beginnving.of the cycle) the voltage' is zero. -Now look

-~ at the cutter in Fig. 602-b. Point A is the normal position of the stylus
.* with zero applied voltage. During the first quarter-cycle AB, voltage
" “will rise to maximuin in the positive direction and velocity and direc-

~ tion of movement will be imparted to the stylus. Felocity at any instant
depends on the mstantaneous magmtude of the voltage, while direction

h,o_oo sr—:cﬁ

£21,000 CPS.

VOLTAGE

Fig. 602-a—A 1,000-cycle sine wave,‘-showing time
relations for Y4 and %chcle. .

‘depends on the direction of electron flow in the coil. The velocity at the. .
selected audio voltage is such that in the 1/4,000 second occupied by the
first quarter-cycle, the stylus will have time to move from A to B (Fig.
/602-b). At the beginning of the second quarter-cycle (point B on the
-graph), the direction of current flow reverses and the stylus begins to
return to its cénter position A which it reaches just as the instantaneous
- voltage reaches zero. The same process is repeated but in the opposxte .
~direction, for the second half-cycle. T
Consider Fig. 603, drawn to the same scale as 602-b. * As before,"'
‘at the given r.m.s. voltage at 1,000 cycles, the stylus moves from A to
- B and back 'in the first half-cycle and from A to C and back in the

i second half.. Now let us apply a frequency of 2,000 cycles at the same
B voltage During the first quarter-cycle the stylus will travel toward

B again, but at 2,000 cycles a quarter-cycle lasts only 1/8,000 second;
The woltage and the velocity of the stylus movement have been kept
* constant, but the time allowed has been, reduced to one-half of its former
value. Therefore, the stylus can move only one-half the distance, to
pomt D. During the second half-cycle at 2,000 cycles, the stylus travels
in the reverse direction but has only time to reach point E before the
polarity reverses. When frequency is doubled, the distance of stylus
travel, or stylus displacement, is halved. The armature simply does not .
have time enough to go as far as it did at 1,000 cycles by the time
polarlty reverses, ’

We hayve simplified this e*cplanatlon to avoid entanglement in such
matters as phase dlfference in 1nduct1vc c1rcu1ts,

30



Velocity can be represented by the siope of the waveé at its zero

point.  As Fig. 604 shows, to keep slope or veloc1ty constant, amph-

tude must increase as frequencv decreases, and vice versa.  The 2 sine’ .

[T L
D
'AF=1000 CPS

D ; ¢

—PIVOT.
DISG
% SURFACE
Fig. 602-b—Stylus moves back and

forth, through point A, following
voltage changes of I*zg 002—

waves have the same velocity, but their frequency ratio is 1 to 2 and

amplitude ratio is 2 to 1.

In an ideal unequalized magnetic cutter, to which constant volt- -
age is applied, stylus displacement or amplitude is inversely propor-. .~

tional to frequency. At any given frequency theé stylus cuts a’ groove :

with width twice that of an octave above and half that of an octave

below. (An octave is the interval between a given frequency and one’
either half or twice its value) It frequency rises, stylus movement

or amplitude decreases in proportion; if frequency dlops amplitude’

increases in proportion.” This relationship between frequency and
stylus movement is the crux of constant velocity and must be under-
stood fully. The ratio of groove width at any frequency to groove.

IS
—___I—<—— Fig. 603 — Stylus . o/
AF amplitude will de- L 439/

crease as frequency

I ¢ s increased.

>

Fig. 604—To keep
slope or wvelocity

constant, amplitude > TIME

PATH OF..

PIVOT “ — = GROOVE

GROOVE WIDTH
(AMPLITUDE)

must increase as
frequency de- |
creases, and vice

B D A E C versa.

width at one octave above that frequency is 2 to 1. We can evaluat'e.
the groove widths in terms of voltage. A voltage ratio of 2 to 1. is
equal to.a decibel gain or loss of 6. We can now be exact when speaking
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of ‘the flfequency response .of a magnetic cutter: output of'the cutter
~ decreases at the vate of 6 db. per octave with mcreasmg frequency.
~‘Curve B in Fig. 601 shows this response. :
The situation in a magnetic pickup is exactly opposite to ‘that-in
~.'the cutter. In the pickup, movement of the armature’ through the mag-
netic lines of force created by the magnet induces a voltage in the coil,
The welocity of armature movement determines the magnitude of the
voltage induced. Velocity depends on two things: the frequency being
'picked up, and the width of the groove.. As frequency goes up, velocity
of the pickup needlé and armature increases. Increased vélocity means
increased output. We can also increase armature velocity  (without -
changing frequency) by increasing groove width, for now the needle
- must travel a greater distance in the same period of time. Thus, pickup

- output (at any one frequency) increases as groove width is increased. . -

But the magnetic cutter cuts narrower grooves as frequency is raised.
This" of course means lower velocity for the pickup armature.  The -
~effects of raising: frequency and decreasing groove width (or vice
versa) are exactly opposite and nullify each other The result: pickup.
armature maintains constant velocity (and constant output) at.all fre-

"+ quencies when playing a record cut-with an. ideal magnetic cutter.

In this discussion, the input voltage to the cutter terminals was

" assumed- ‘to be constant in value throughout. The frequency response

of the magnetm cutter is the result of the fact that a constant applied
_voltage will’ produce a constant velocity of stylus movement. - The re-

‘- sponse of magnetic pickups—exactly opposite ‘to that of magnetic

‘cutters—occurs because constant vélocity of needle moevement will: pro-
~ duce constant output voltage. Any similar cutter or pickup curves
are known as. constant-velocity curves; and the devices Wthh produce
‘them are known as constant-velocity dev1ces

To summarize briefly the differénces betweern the 2 types of cutter
response: in constant-velocity cuts, groove width decreases (6 db per
octave) as frequency goes up; while in constant-amplitude cuts, groove
width remains the same for all frequenc1es Stylus displacement vetrsus

frequency curve for each type of response must be memorized.

‘Modified Constant Velocity

The patterns in Fig. 605 are enlarged drawings of record grooves
showing variations in the width of the groove at various frequencies.
Pattern 1 shows a perfect constant-velocity cut, the same as curve B'in
Fig. 601. Notice that the groove variations are very large at’the low-
~ frequency end and become pr 001essive1y smaller as the frequency rises.
The groove width at 100 cycles 1s ‘about 100 times as great as at
10,000 cycles. :

; "In practical rec01d1ng, the .distance of adjacent grooves. from
~each other limits maximum groove width at low frequencies. If the

s



styIus is- allowed too much travel it wﬂl cut into: the next groove and

“‘ruin the recording. By limiting the audio signal level fed to the cuttery ' -

we can prevent this overcutting of adJacent grooves. -However, groove
width .will be so slight at the high-frequency end of the audio range
that the groove variations will be comparable to the random surface .

megulau ities of the disc which produce scratch and surface noise. The .
- noise will bury the\ signal, Under these condltlons, the ratio of maxi-
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Fig. 605—¥ ave- patterns for consmnt-amphtude constant-velocity (pattern 1) and .
modified constant-velocity (pattern 2) recording. :

‘mum groove width (at low frequency) to minimum groove w1dth (at

high frequency) is too great to be practicable.
There are-2 solutions to this problem The first is the use of -

~constant-amplitude recording. This is shown graphically in curve A of -
Fig. 601 and pictorially in- F1g 605, The groove variations are just

the same at the low end as at the high end: Records can be and actually
are cut in this manner, without any modification. - Crystal cuttérs are
used, and the records are played back on crystal pickups. s
Phonograph records and most professional discs- are not made
constant-amplitude, however desirable it might seem. Phonographs
and professional playback systems are still geared to the older type of
recording, constant velocity, and manufacturers of records are still

~chary of changing their discs. The method of reducing the minimum-

maximum groove width ratio in general use is to modlfy both types

‘of curves and use a combination of them. The result 1s ‘known as
modzﬁed constant velocity.. |
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Observe pattern 2in Flg 605, From 500 cycles upwa1d g1oove ,
* width decreases as frequency rises, just as in the perfect constant-
velocity curve. But from 500 cycles downward, groove width remains.
‘comstant. From the lowest frequency up to 500 cycles the pattern is
~the same as. that for constant amplitude. The ratio’ between maximum

' and minimum groove widths is much reduced. If low-frequency stylus -
" travel is mcreased to the allowable limit, hwh -frequency groove widtly -

will also be increased to a usable value.
ThlS modified-constant- veloc1ty curve 1s shown gxaphlcally in -

GPS - } .
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Fig. 606—Commercial modified constant-velocity record response, when pickup has .
" constant-amplitude characteristic. Turnover is arbitrarily placed at 500: cps.

Fig. 606. This graph is plotted just as Fig. 601 ; the vertical axis may

be thought of as stylus displacement or groove width. The curve is in
2 distinct parts: constant amplitude up to 500 cycles, and constant -
velocity beyond that. ~ Turnover jrequency, the point at which: the
change in type of response takes place, is usually 500 cycles in U.S.
records, and has been 300 cycles in most European recordings.. In some

~ .- broadcast transcriptions it is 1,000 cycles.” Since there is very little

standardization, -the. turnover frequency may be any  frequency arbi-
“trarily ehosen by the record1st For discussion purposes, we will stick’
. t0 500 cycles. o ‘ :
Response Graph: Conventions
The graphs we have shown so far have been based on groove Wldth
versus frequency. - However, these are not the graphs commonly used
_or: published by the industry. .
_Since the constant-velocity characterlstlc -is the prmclpal basis for
krecordmg today, it has been taken as the standard for comparison. . In
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“other Words, specific cutters, plckups and records are compared to.the

standard constant- -velocity character1st1c shown in Fig. 601, Curves
published do not actually show ‘a picture of. stylus dlsplacement they

show the difference between the device or record bemg dlscussed and R

the standard characteristic.

To illustrate this point, compare Frgs 606 and 607, They both
represent identical responses, the modified-constant-velocity “response ~
described above. However, Fig. 607 is drawn on a constant-velomty
basis, which means that it is not a picture of anything real; it'is. only a -

‘comparlson with the standard, ideal constant-velocity response.

The upper portion of the modified curve (between points’ X and Y.
of Fig. 606) corresponds exactly to the standard constant- veloc1ty char-
acteristic. Since the actual modified characteristic-—shown in- Fig. 606
—agrees (from 500 cycles upward) with the standard, there is no

_difference between them. Therefore, when drawing a curve of com- .=
parison, all points from 500 cycles upward will have to be on the zero

line, showing zero difference. See Fig. 607.

Below 500 cycles, however the modified ‘characteristic does show :
a_departure from the standard.” At 250 cycles, for instance, Fig, 606 is -
6.db below the standard. Therefore, the 250-cycle .point 1n Flg 607
must be at -6 db.

Fig. 607 is the usual culve used in recording 11te1ature, and'is a

comparison with the ideal constant-velocity groove-width response e

curve, If, for instance, the graph shows response at 100 cycles to be -
at -14 db, it means, not that groove width has been reduced, but that
actual pickup output voltage is 14 db less than would be obtained
from a perfect constant—veloclty record. '
This curve, is, in fact,a graph of the output voltage obtamed from
a ;berfect magnetic pickup. We have seen why the low-frequency sec-
tion is purposely reduced. If we use a magnetic pickup to play these
records, we must insert an equahzer to boost the low frequencies, as

: F1g 607 indicates.

cPS Co
56 78100 2 3 4 56781000 @ 2 3 4 56 10000
o CONSTANT VELDCIT)Y
. :
E_ 5 1| iehdvks
2
o .
E-IO / 1
| |~ CONSTANT AMPL)TUPE . , i
-15 ‘ — - .
20 /H I

Fig. 607—Modified constam-veloczty record response when [Jlayed on [Jerfect
uncompensated constant—veloczty pickup. This is the standard “velocity basis” type
& tof curve, a comparison with the theoretwal curve B of Fzg 601.
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_ The modlﬁed curves- in.use by dlﬁ'erent manufacturers of records
" ‘are not usually identical. = While Fig. 607 illustrates the modified- type
of ‘response, there are many variations of this. The high end may be
“increased, and other turnover: frequencies may be used. They may,
- However, all be plotted just as Fig. 607 was plotted, as comparlsons
with the standa1d of, speaking in ‘a more practical manner, in terms of

~the output voltage obtamed froma perfect unequalized magnetic, pickup. -

~~ The mod1ﬁed characteristic results in most commercial magnetlc
cutters from the fact that below a certain frequency (turnover) the in-

. ductive reactance of the coil becomes less than its resistance. It is usually - -
unnecessary to prov1de for the low- frequency diop by equahzlng the ' «

~ recording. amplifier.

When speaking of records whlch are cut completely ‘constant am- o

o plztude these curves of comparison with a constant-velocity standard -

are not used. "The literature on constant- amphtude work shows crystal

“cutter curves merely as straight lines (or variations ofthat ideal).:

~Fig. 608 might represent the response of a perfect crystal cutter. “This

* curve does not have the same significance as those usually seen for

. constant- velocu‘y dev1ces Here, it means that stylus displacement of
‘the ‘cutter is uniform over the range, and that an ideal” crystal: pickup
will produce output as shown. Such curves are always accornpanied by

explanations unless they represent performance of crystal devices, in
‘which case it can be assumed that they are curves of actual stylus '

dlsplacement

- CPS ,
56 78100 2 3 4 56781000 2 3 4 5 610000

+
o

ay
(&)

aggleELs OUTPUT
o

standard C-V curve.
Summary ‘

The material in this chapter requires. careful, thoughtful readmg,
but can be understood by the average radioman. Let us briefly sum-
- marize the points we have covered: : -

1. In the crystal cutter, stylus displacement is.the same no
matter what the frequency. Crystal pickups are identical.
‘Curves showing crystal response show actual stylus dis-
_placement. The crystal characteristic is constant ampl-
tude. _

2. In the magnet1c cutter stylus displacement decreases ‘as-
“frequency  rises, and vice versa, but velocity remains -

- constant. In the magnetic pickup, velocity determines -
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output, and the resultant output is flat. ‘The. magne’tic '
- - characteristic is constant velocity. o
3.In practice a modified-constant-velocity characterlstlc is
used, consisting of constant amplitude up to a turnover fre- .
quency between 300 and 1,000 cycles (usually 500 cycles
in the U.S.A.) and constarit velocity thereafter.

4, Conventional curves show, not actual stylus displacement,
but outptit of a record as played on a perfect. magnetic
pickup. A flat cutter and pickup will therefore show- out-
put as a flat line. :

Constant-amplitude recording has advantages It is linear and -
there is no turnover frequency to worry about. The high-frequency
groove width is made just as large as low-frequency width, and the-

signal-to-noise ratio is very good as a result. The record may be played
back on a high-quality crystal pickup without any equalization. Results, ="
even on a cheap crystal pickup, will usually be better than obtained ... -

from the usual records. o
. Crystal cutters are quite versatile. With very simple variations’
in the method of connection to the recording amplifier, many different

recording curves, including the modified-constant-velocity characteris- .

tic used on phonograph records and shown in Figs. 606 and 607, may
be obtained. The methods of varying crystal cutter frequency response

are shown in detail in Chap. 11.
Remember that curves of crystal and magnetic devices cannot be
mixed, If, for instance, the curve of Fig. 608 represented a ¢rystal

pickup and that of Fig. 607 a magnetic cutter, we would expect the .. - &

output to be flat above 500 cycles. If it 'is remembered that Fig. 607 is
plotted on the usual velocity basis while Flg 608 is on an amplitude.
‘basis, representing stylus displacement, it vqlll be clear that one or the -

other will have to-be converted to the opposite basis before a true plc- R

ture of output can be had
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Chapter {7

- GOATING view of the tip

The Stylus

-

THE stylus is another h1gh1y 1mportant 11nk in the recordmg

. chain. It isa spec1ally shaped, precision ground and lapped tool. : Fig. .= .
o 701 shows a side view of the stylus tip. Note that the cutting: face of
~the stylus is'flat, while the heel makes an angle of about .60 degrees with - -

the cutting face.” Fig. 702 shows a front view of the tip, with the
- observer looking directly at the cutting face. Notice that the bottom is
not a perfect point (except in a steel stylus) but is very slightly’and
~symmetrically rounded.: The radius of the tip is about .0022 1nch The

o angle of the V is approximately 88 degrees.

Ti 1g 702 shows 2 1mportant facts ﬁrst that the shape of the groove‘

, Tig. 701 = side
CUTTING view of . stylus

FAGE % hip. ‘
CHIP— P
DISC—,  HEEL Fig. 702--Front

©and cutting face,
showing includ-
ed angle.

DISC MOVEMENT

is the same as the stylus cuttlno face ; and second that the entire cutting
- faceis not used. Fig. 702 shows that as'the stylus cuts a deepe1 groove.
it cuts a wider groove.. This bears directly on the matter of cuttlng
pitch or number of lines per inch.

Fig. 703 shows several adjacent grogves. If,the pitch remains

~constant and the grooves are cut deeper and.therefore wider, the land
: separating the grooves becomes too narrow or disappears. The pickup

then jumps grooves or becomes stuck in one groove and produces the
familiar “broken record” effect of repetition. If stylus movement in
one groove causes the walls. of adjacent grooves to assume somewhat -

" 'the same shape as the groove being cut, there will be an “echo,” Be— .
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cause the playback needle traveling in any groove will reproduce, not -

only the sound recorded in that groove, but also (at a-lower level)
'some of the sound in adjacent grooves, the name écho is- appropriate. -

In pract1ce, weight on the stylus is adjusted so that the depth of cut. -
" is between .0015 and .0025 inch for all pitches. Instructxons for mak-v ey

_ing this adjustment are given in Chap. 10.
During recording, the cutting face of the stylus must be absolutely

Fig. 703 — Several adjacent
grooves,  showing “land” be-
‘tween grooves.

vertical. Flg 704 shows ‘that a stylus in the wrong position will dlgh
into the disc surface and.tear the material rather than engraving, or
will glide over the surface, This adjustment is also described in Chap. 10.
An irregularity in the stylus tip will affect the shape of the cut groove. -
Raggedness, caused by wear, will tear the recoxd’coating Any stylus:
imperfection results in an increase in surface noise and a dull rather
than a shiny cut. :
-3 Styh are made prlnc1pally of 3 materials. The least eXpensive ini- -
tialty is the steel stylus (Fig. 705), made from a single piece of metal.
The upper portion of the shank is flat on the side opposite.the cutting
face.” When' the stylus is inserted into the chuck of the cutter, the

setscrew hits the flatted portion and automatically places the cutting -

face in the proper position, . ) o .
Steel has at least two dlsadvantages The first is a-comparative

softness. As it engraves, the frictional heat produced at the tip quickly - = “

dulls. it'and' small ragged irregularities appear;, which make the stylus -
worthvkess for: further use. As a maftter of fact, even the minute irregu-

o et WRONG A
) o ﬁ é/ \% [DISC_'SURFAGE :
~— REFLECTION

OF STYLUS
k J,m . .

g F1g 704—Stylus cutting., face must be pe‘rj)endzcular
: during ¢'ecordmg

) Iaritles in the surface~for steel cannot be polished to a high degree of
smoothness—ntake a noisy cut unavoidable. - And since steel is flexible,’




at. h1gher frequenc1es the stylus, 1nstead of conformmg stlfﬂy to the
armiature movements; sways and bends slightly: - The cuit groove does
‘not vary its: path as-‘much- as -armature movement. warrants:and there
. is less response inthe high-frequency range: “The'steel stylis is priced " -
+ inder- 50¢, but cannot be used:for more than 30 minutes of recording:
o The sapphire (natural or synthetic), acknowledged the best mate-
- tial for recording, is almost as hard as diamond and can be polished to
" ati almost unbelievable degree of smoothness. F1g 706 shows a sapphire
Stylus It cofisists of a sapphire tip mounted in a shank of hard metal

< .
SHANK.  Iig. 705—Steel stylus FLAT
—note heel and cut-
ting face

" FLAT FOR->
SETSCREW

Fig. 706 — Sapphzre
~CUTTING stylus, mounted in
. FACE hard metal shank.

P The assembly is extremely stiff, and, when good discs are used, fre-
- quencies up to 10,000 cycles can be recorded without perceptible attenua-
© -tion caused by stylus flexibility. Sapphire is especially valuable because
-its smooth edges polish the groove as they cut and the groove becomes
extremely smooth and very quiet.
Sapphire styli are originally several times more expenswe than
. steel ones. However, unlike the steel, sapphires can be resharpened
- at comparatively small cost and will' give as good service as new ones.
Often, if the worn stylus is taken to the distributor, a new or sharp-‘
ened one will be supphed for a moderate resharpening charge in. ex-
change for the worn unit. Sapphire styli are economical for recording
" as little as-3 or 4 hours monthly, since the original cost plus occasional
sharpening charges add up to less than the price of a new steel tool
every half hour or less.  Under proper conditions of adjustment, a
- sapphire willcut for several hours before it must be resharperned.
Sapphire is brittle, and a chipped stylus is a total loss. Therefore,
" take every precaution to see that a sapphlre stylus is not dropped or hit
_against anything. When it is not in use, treat it with care. Usually
a small plastic tube is furnished with each stylus, which will contain it
'safely During recording, lower the stylus very gently onto the rotat-
ing record surface. Do not start the turntable with the stylus restmg
on the disc!
The stellite stylus is more economical than one of sapphire. Stel-
lite, a metallic alloy which’ gives cutting characteristics almost as good
as sapphire, lasts much longer than steel but not as long as sapphire.
However, original cost and resharpening charges are less. Stellite tips -
" are mounted the same ‘as sapphires.
, . To determine whether a sapphire or stellite stylus needs resharp-
_ening, cut a few grooves with the stylus. Using a single light source,

- hold the disc so that the light is obliquely reflected to the eye. If the -

o grooves are shiny, all is well. If they are dull, resharpen the stylus.
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| Chaptér | 8

The Sound Source

THE quahty of a ﬁnlshed disc will be no better than the
instrument which supplies program material to the amplifier. For that

reason, a brief descrlptlon of sound sources is given-here, "
There are 5 principal types.of’ mlcrophone in present-day use:

Carbon, ribbon or velocity (the terms are interchangeable), condenser, .

dynamic or movmg coil, and crystal (sound-cell or diaphragm type).
Table 8-1 summarizes mlcrophone ‘characteristics. - Fi ig. 801 shows the
directivity of a ribbon microphone.

Table 8-1 — Microphone characteristic chart

Frequency _ . ) . L
Type Range and' Output Rl;g(g:d Iggztlil:r?i:s 153‘;1 Remarks:
Response . -
‘ D.B.:200
' " Very ohms | - Low .
Carbon Poor High Excellent S$B.:100 |Very Low Bad Hiss
: ohms
. Very Low . | Very High Preamp,
. p y g .
Condenser | Excellent| (without 1{‘/[0‘(’1". to (without High I\éuslt Be
Preamp) CHEM | Preamp)” ' utlt in
P Head -
Ribb L Medium | Useless
(velloci(t);:) Excellent| Low Medium Any to for close
High | Talking ’
Good ‘ : ‘Best Choice
Dynamic to Medium | Excellent|{ . Any Medium for Ver-
Exceéllent| - . : ) *satility
Low i
Crystal Good to . . . .  Heat- :
(Sound Cell) Excellent Me‘:ioium \M‘edmm High Médlum ’sensitivfe L
Crystal L ) ‘ . v © Heat-
- (Diaphragm) GOOd ' High Good High Low sensitive
N : ) .

]
|

[ -




Phonograph p1ckups important. in re—recordmg and dubbing, are

i ;deScrlbed in detail in Chap: 13. |
Tuners and other amphﬁers used to feed the reco1d1ng amphﬁer '

! il .
MAXIMUM " MAXIMUM

PICKUP PIGKUP
HERE . . HERE

Fzg 801——D1recthty fattem of @
mbbon mzcroi)hone

. should have good frequency response and very low noise level. Output -
impedances must be correct: For AM teception in areas where only
local broadcasts will be recorded, special high-fidelity. tuners, usually - of
‘the band-pass t.r.f. type, are desirable. . These have better frequency
range and lower distortion than :superheterodynes, and they ‘are almost

_universally used by professionals.  Several are on the market as kits
‘at reasonable prices. - They usually have no audio sections and are fed ; .

- directly to the recording amplifier input. See"Chap. 12,

- 'With the advent of FM, the recordist has an inconiparable oppor-
. tunity to make excellent records. The output of a good FM radio or
“tuner has less distortion and. better frequency range than-all but the

Fzg 802—Typical dzaphragm ty[)e - Fig. 803—A typical dynamic 'rmcro- e

: crystal microphone.. . phone,
. ’ s ’ i




“best wire lines and should not: even be ment1oned in the same: bleath_

as AM radio. Records made of “livé” FM programs will sound every
bit as good as—and sometimes better than—those made in the record-

ist’s own studio, and the opportimity for collecting a library of music by .

this ‘means should not be passed by. Carefully handled and played on

Fig. 8044 typical ¥ib- " Fig. 805—Typical sound
bon(wloczty)mzcrophone . S cell crystal mwrophone

‘2 hght pickup with good needles, they w111 last long and w1ll have fio

annoying surface foise.
In summation, any sound source should have optimum frequency -
response and lack'bf noise and distortion. Where equalization is neces-

sary, it should be accomplished within the device or between it and the !

recording amphﬁer, never within the amphﬁel




- Chapter 9 o

The Amplifier

T‘HE recording -amplifier is important in determining record
quality. It may be a completely conventional amplifier, but its quality
must be far better than the usual public address or general purpose unit. .
There must be no hum, restricted frequency range, peaks and valleys in
the response curve, harmonic distortion, or iﬁadequate -power-handling
ability. A good record may be played on a mediocre amplifier, and an
untrained listener may not be able to detect much lack of fidelity; but
good quality can never be realized in a record made with an 1mperfect
amplifier.

Briefly, here are the requ1rements for a good recordmg amplifier:

1. Flat (== 2.5 db) frequency response from 50 to at least
8,000 cycles is necessary. This may be subject to modifica-
tion with equalizers but the amplifier should have a flat
response curve to begin with.

2. Noise—hum and tube hiss—must be at least 40 db below
normal program level. When the sound input is very
low, the gain control must be advanced so that a usable
groove is cut.  Hven under these conditions, hum and tube -
noise should be inaudible. Professional standards require
hum level of 45 to 50 db below program level.

3. A full rated output of 10 times the normal power
required for the cutter will take care of instantangous peaks
on crescendos. These will cause great distortion if the -

- amplifier does not have sufficient power. For amateur
work, 10 watts is a suitable compromise between expense

- and quality and for professional purposes, 30 to 50 watts
is not too high. If speakers are to be connected with the
cutter, the power rating must be increased proportionately..

4 Total harmonic distortion at full recording level should
never exceed 5% for amateur use; and for ideal quality, it

- should be much less. In professional equipment, maxi-

4“4




mum _distortion is 3% at 10 db above normal recording
level.  Excessive distortion, plus that in the playback -
amphﬁer, will be very noticeable. -While it is possible to

. iron out certain nonlinearities in frequency response by’
equahzatmn in the playback system, harmonic distortion, ="
once it is on the record, is there to stay ! g

5. The output stage should consist of triodes or feedback-
stabilized beam or pentode tubes. A cutter varies its
impedance with frequency. Unless the power stage of the
amplifier has comparatively Jow effective plate re51stance,
the varying load impedance of the cutter will affect it.

6. Even though a high- output microphone is to be used, an
amplifier gain of 110 db is not excessive. Lower-level
devices may be used later.

MASTER N7
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Fig. 901—Schematic diagram of. a vecording ampliﬁe}.

7. The system should have adequate gain controls and switch-
o ing circuits, all of which must ‘be noiseless. A volume -
indicator is necessary.

Figure 901 is a schematic diagram of a \recordlng amphﬁer suitable -
for amateur use. If the power output stage is changed to allow higher-
rated power output, it will also be suitable for profess1onal use., The
2A3’s shown are rated at 10 watts.

The input circuits allow for 2 low-level microphones and 1 high-

level phonograph pickup or radio tuner. The microphone volume con- . -

trols are placed after the preamplifier tubes in order to minimize the
noise which may develop after a period of use. All 3 input gain controls
are connected, through individual 0.47-megohm- isolating resistors, to
the grid of the 6J7. All discernible interaction between these controls
is eliminated by the isolation resistor.
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; The use of a phase mverter of the self balancmg type 1nstead of

an interstage transformer, eliminates the p0551b111ty of inductive hum
“pickup, has an 1nherently flat response curve, and ‘saves the price of a
high- -quality transformer.. The use, of a master ‘gain control (a poten-

T0
~ REGORDING
6N7: AND
POWER AMP "

4—\/\/\»}' r 5 10 ‘
‘' IDENTIGAL,

MONITOR
CHANNEL. |

Fi 1g 902—Cou1)lmg momtormg stage
for recording amplifier.
tiometér on grid No. 1 of the phase inverter) is very valuable in record-
“ing work when more than one microphone is-in use. Fade-outs'and
fade-ins are possible. With the input controls in such a position as to
- give the best range-of control, the master control may be set to give
the proper 1ec0rd1ng level, N
The power stage is a pair of push “pull 2A3’s in class’ ABl rated '
- at 10  watts output. The naturally low plate resistance of triodes mini-
mizes the effects-of thie changing cutter impedance. For higher power,
any other output stage with the required power and harmonic distor-
tion may be substituted. In normal use, beam tubes, such as 6L6&s,
have a higher power gain and increased over-all gain. But if bearn
tubes are used, feedback must be incorporated, and the power gain is
“about the same as that obtained with 2A3’s. Total possible output ]
will be greater however, with beam tubes than with triodes.
It is essential that the highest-quality output transformer be used.
- All parts must be of the best quahty——]unk hox components are out
" of ‘the questlon ‘
If more input channels are needed, they may be inserted without
difficulty. - Additional 6]J7’s may be used, with their output gain con-
“trols, similar to the ones shown and ‘1solated by 0.47-megohm series
resistors. - If additional high-level inputs are needed, the phono input
-shown may be duplicated. “There is a limit, of course, since the larger -
thé number of ‘inputs, using this system, the greater the possibility of.
interaction between them. Normally, 4 is the maximum.
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In all professmnal recordmg systems there must be fac111t1es for

- monitoring while the recording is in progress.” It is not a good idea to
connect -a loudspeaker to the same power stage which is feeding a ..
cutter, because a voice coil also changes in 1mpedance with frequency. -~

Fig. 902 shows a very practical method of getting around this. A" |

second 6]7 is connected to the grid of the second stage 6]7 in Fig. 901..:’_“;
It connects to an identical phase inverter and output stage." “There can ™~

"be no interaction between cutting and monitor ing circuits, and the level
of the monitor speaker can be controlled by its own potentiometer w1th— ‘
out affecting the recording. Since the power supply current requ1re-

ments will be much greater, it is often advisable to use a separate power -

supply for the monitor channel. It may be necessary to insert some

equalization in the recording amplifier to correct cutter deficiencies. =~

In this case, a loudspeaker connected to the cutting amplifier would not

show- a true picture of the sound, and the separate monitor channel is a g

necessity, even if only for playing back the finished records. :
Fi ig. 903 shows 2 different types of volume indicator. If a magnetlc
cutter is. connected to the secondary of the amphﬁers output trans--.

former, the circuit of Fig. 903-a is probably the best. The value of =

resistor R1 should be at least 10 times the output impedance of the
transformer. - The exact value will have to be found by experinent.
If a crystal cutter is used (connection methods are detailed in Chap. 11),
.a meter usually cannot be used across the amplifier output.- In that
case, the circuit of Fig. 903-b is probably the best. Although actual -
. experiment is needed, the grid potentiometer of the 6E5 magic- eye tube - »
probably can be connected to the first grid of the phase inverter.in the

amphﬁel of Fig. 902. - If that is done, choose both controls so that the. - "
! MEG.

) 500K
IN 34 CRYSTAL
OR DRY-DISC -
RECTIFIER

SR b
th 903—Two types of volume indicator: (a) suitable for
magnem cutter; (b) crystal cutter hook-up,

total parallel resistance across the '6N7 grid, when the recording master
'gaini control is wide open, is of the proper value The value of the eye
tube grid control is not cr1t1cal
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k When the circu~it‘in'Fig. 903-a is used, a constant tone is fed into. v
- -the amplifier and ‘the cutter at the proper level (given by the cutter -
o manufacturer and- measured with a voltmeter across the .cutter). The

©./variable resistor or potentiometer in series with the meter is varied umntil

o the needle points to about %3 scale. This point should be marked on

TO . LA
R ek V-

AVPS , I - speecH s

" GONSOLE .

" Fig. 904-a—Conirol, dnd preamplifier section for recorder.

T the ‘meter scale The meter then shows recording level enablmg the
recordist to reduce gam if the sound is too loud.
When the circuit in Fig. 903-b is used, the tone should be-fed i in,
‘and the 6E5 grid potentiometer ad]usted until the eye just closes. The
" closing of the eye indicates maximum level and gain can be adJusted
accordingly during cutting.
, Most professional studios and all broadcast statrons use a system
which is somewhat more flexible, though less compact. A typical setup
+ of this type is shown 'sehematically in Fig. 904. The first unit is the
. control and preamplifier section. Two high-gain inputs are :shown,
. connected in the same manner as in the amplifier previously discussed.
The tubes used are pentodes, 6]7 ’s. - As before; tubes may be eliminated

- i and high-level devices connected directly. to' volume controls, if the

inputs need not have preampliﬁers Fig. 904-a shows the first unit.

The output stage is a triode-connected 6]7 feeding into a tube-to-

line transformer, whose secondary impedance is 500 ohms. The output

“level is generally zero db (6 milliwatts) or zero VU (1 milliwatt in
600 ohms). if the newer ‘type of volume indicator is used.

A master gain. control is provided at the grid of this 6J7. The
“control. and preamplifier unit—usually called the siJeech console—is
“complete in itself, with its own power, supply (housed in a separate case

to eliminate hum pickup) and mounted in a sloping-panel steel cabinet.

- The recording amplifier (Fig. 904-b) is a separate unit; it is sim-

¢ ilar to the amplifier of Fig. 901, but it lacks the input stages. Although
" a: 500-ohm-to-grid input transformer may be used, none is needed. A
“6C5 has been used .as the input stage w1th a 500 ohm res1stor connected




- across. its grid. The 6C5 makes up the gain which-a step-up ‘,trar_;57;". .
former would have given, but it is not frequency-discriminating though

cheaper than a good transformer, The 500-ohm grid resistor prov1des; #

the proper 1mpedance for terminating the line from the console.

IDENTICAL TO
RECORDING AMP

605

+ MONITOR AMP
{HAS SEPARATE: PWR. SUPPLY)

5K L
CUTTER .

YO SPEECH 50 100V

CONSQLE

B740T %K REGORDING AMP

243 FILS
POWER

@esv FiLs SUPPLY

= 4. 25K TO B+ON
¢ vVVAA— SPEECH
L CONSOLE
L A 8-450
3 . = 20 ]‘

H7v.AC

Fig. 904-b—Recording amplifier section; to be fed from preamplifier.

A system like this is flexible for several reasons. A professional .-
recording firm may have several studios. If each studio has a console,. ' "
simple switching will connect the proper counsole to the proper record- .

ing amplifier. If equalization is necessary, an equalizer may be inserted .
in the line between console and recording amplifier or in the recording

amplifier. Since the 500-ohm line may be much longer than a high- S

impedance line, the performers and control point may be at almost any -
distance from the recording machine. A standard decibel or VU meter
may be connected directly across the line as it is in the diagram, and it

will show actual db or VU, rather than the arbitrary units which must :

be used in the two other volume indicators previously -described.

In addition to console and recording amplifier, a monitor amplifier - '

is shown in Fig. 904-b. This monitor amplifier is similar to the record- -
ing amplifier, except that there is no 500-ohm grid resistor-in:the- first

stage. The high-impedance grid circuit placed directly across the hne
is known as a bridging mput
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This entire system makes use of unbalanced lines, that is, one side
Jof each line is grounded. In most broadcast stations, balanced lines in
- ‘which a center tap of each transformer is-grounded are used. The bal- -
~‘i.ance results in less ‘cross-talk and hum pickup. In most small-size
- installations, this is not necessary. In broadcast equipment, since low-
- impedarce niicrophones are used, inputs to the console are usually low-
impedance to grid transformers. Wherever the microphone mitst be

. more than 15 feet from the console, this is desirable, since lengthy

high-impedance lines pick up hum and attenuate higher frequencies.
In this system, input and master gain controls are always adjusted
to keep program level at or below zero db or VU (whichever type of
meter is used). This is known as the reference level. The input gain
¢ "control in the recording amplifier is adjusted to give proper output to"
- .the cutter—and then left alone. A reference-level reading on the console

Fig. 905—A fairly elabordate homemade ve-
cording and playback console used in ‘a
~ small professional recording studio.

, mete1 assures the operator that the cutter is being fed at the proper
. power.

It should be emphasized that the 2 systems shown are only examples
If its characteristics satisfy the requirements, any conventional PA

O ’amphﬁer may be used. Usually some modification of the cont101 circuits

s desirable for: convemence in operatlon




Chapter | 10

’Il"reyliminary Adjustments )

AFTER the - mechzinism has been mounted and the ampliﬁel

and control system constructed, some mechamcal adjustments must be’ o

made before setting the equalization as described in the next chapter
Make these adjustments before cutting discs for amy purpose, because

improper alignment of any of the mechanical parts can injure or destroy s

some part of the systen.

The exact order in which the adjustments are made.is a matter of

choice, but we suggest that the following order be adopted..

' Feed Mechanism Alignment ,

If an overhead feed mechanism is used, check its ahgnment Wlth the
top of the turntable. The assembly should rest on. a level surface..
Gravity plays a part in the functioning of the mechanism, particularly

the resting of the cutter and stylus on the record. Use a carpenter’s

spirit level to determine .that the top of the turntable is level.

Next, be sure that the horizontal portions: of the feed mechanism—

especially the trolley on which the cutter mount travels, and the lead
screw-——are parallel to the top of the turntable. In most cases, the height

of the center post is fixed, determining the height of the inside end of the .- k

lead screw and trolley above the turntable.. Using either the trolley or.-

the lead screw as the reference, measure this hexght carefully, - Use:: -

dividers or inside calipers, - not the eye. Then make certain that the -
outside end of the trolley or-lead screw is exactly- the same distance -

above the rim of the turntable. Almost all overliead type table machines

are provided with a height adjustment for the outside post, to allow
parallel-alignment with the table. B

With swinging-arm mechanisms, the important consideration is that
the shaft wh1ch goes through the motor board and supports the rear
end of the cutter arm be absolutely vertical.

Be sure to have a typical blank disc on the turntable durmg parallel "
adjustment of -overhead mechanisms, since the thickness of the disc = °
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son:which the center post rests will cause a slwht m1sahgnment if ad]ust—\ '
ment 1§ made without it.

See that the outside post of the mechamsm is tightly fastened to .
* the motor board at the right place. A small error.in its placement will
“throw the entire mechanism out of line and create untecessary friction.
~If the outside post is correctly placed, the center post can be lowered
“onto its position over the turntable easily. It should never have to be
forced down over the center pin. ‘

Lubrication ‘

The next step—and one that should be repeated at frequent inter-
vals throughout ‘the life of the equipment—is to see to lubrication.
Secure the manufacturer’s instructions for motor, turntable and feed

-/ ‘mechanism, and follow them. religiously. - Too ‘much. friction at any:

: point will "destroy the speed regulation and wows will result in the
finished recordings. Improper or insufficient lubrication can damage
such parts as the turntable bearing, making complete replacement un- -
avoidable.” A small amount of oil on the smooth rods or trolleys on
which the cutter mount travels and on the lead screw is necessary. Wipe
- them with an oil-soaked rag. Do not dfop oil on them directly; since it
will drip onto the turntable and the disc. Unless the manufacturer recom-
~mends another type of oil, light machine 011 is sultable ‘

Stylus Angle v o
i Now insert a good stylus in the cutter “Unless steel styli will be
-uised for all recordings, make the adjustments with a sapphire or stellite
stylus. -Be sure the flatted portion of the 'shank is in contact with the
end of the sétscrew, An error here will damage both stylus and disc.
With the motor off, lower the cutter and stylus gently on the surface
" of a disc of the type and quality to be used during future operations. ‘Be
- certain that -there is no apprec1ab1e vibration in the room and that
neither you nor the equipment is jarred. ‘ ‘
; With the eye on the level of the turntable, look past the stylus
- toward the center of the turntable. Observe the cutting face of the stylus
. tip and its reflection in the shiny surface of the record. If the stylus and
its reflection make a straight line, the cutting face is perpendicular to
the disc; and good results can be expected, . (See Fig. 1001.) ' If the

= Ustylus and its reflection ‘are not a straight line, adjustment must be

" 'made. It is true, however, that many manufacturers recommend that
.the stylus be canted very slightly in the direction shown in Fig. 1001-b.
Thie angle should be so small that a casual glance will create the impres-
‘sion that the stylus is vertical. Follow the manufacturer’s recom-
mendatlons

There are 2 means in general use for adJustmo the stylus angle dn
many moiumntings, the cutter may be raised or lowered, or spacers may be

" 'inserted between cutter and mounting. If no such adjustment is pro-

i v1ded a stylus.of different length must be used—shorter if the situation




is as irr Fig. 1001-b, 1onger if as in Fig. 1000 -C. Styh are normally sol o

in 2 standard lengths, known simply as “short” and “long.” If nerther?“i”t.'i .
size is satisfactory, the shank of a long stylus'may be clipped off a little -~
with a pair of diagonal cutters. This is a last resort only. Clip very care= "'

fully and observe the Llesult after each cutting. Occasmnally, the, helght
me WRONG

ﬁ/ \< _ DISC SURFACE
' 7/ «—REFLECTION
OF 'STYLUS

K th 1001——5 tylus (md its reflectwn
should form a straight line 4.
If not (B or C), adjustment must

be made.

of the entlre mechanrsm can be adjusted ; ‘but be sure that it is parallel e

to the tusntable.
Depth of Cut - '

The next ‘adJustment is for depth of cut Start the turntable, engage
the lead screw with the cutter mount, and, with no signal applied,-lower"
the stylus gently on the disc. (Newver start the turntable with the stylus =
resting on the record.) After a few revolutions, raise it again.and
observe the chip. It should be about the thickness of a very coarse
human hair, and should have no tendency to crumble. Since the cross-
section has the shape of an isosceles triangle, it is impractical to measure
the thread with a micrometer. ‘It would be impossible to know whether
the micrometer was reading the groove depth or width,

It is poss1b1e, however, to measure the groove width with a cali- A

brated microscope. If this method is used, groove width should be set:

at .006 inch. (With an uncalibrated microscope, the “land” between .

grooves should be roughly 24 the width of a groove at normal pltches
The adJustment for cuttlng depth can be made by varylng the

tension of a counterwe1ghtlng spring. A knurled thumbscrew is usually. .~
provided. If no adjustment is provided or its range is inadequate, addi-

tional weight can be added. Small pieces of solder can be twisted around. -

some convenient portion of the cutter (NOT the setscrew). The spring " .

may be stretched ; or if none is provided, one can be installed. What-

ever the method, cutter weight must be adjusted for proper groove

depth and wrdth If grooves are too shallow. and narrow, the pickup
needle will not track and will skid across the disc. If they are too deep
and wide, overcutting into adjacent grooves may take place, or the -

stylus tip may hit the:base material and break. Make the ad‘]ustments

© in° very small steps and check and readjust if necessary at any. t1me

Turntable Speed

The speed | of the turntable is important. If the motor is synchro-‘
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fious, its 1n1t1a1 speed is controlled by the hne frequency Its motlon :
however is impeded by the drag of the stylus.through the disc coatmg]

" and, with all but the most powerful. motors, the table revolves more
‘slowly while cutting ‘than without load. To determme the speed of the

“‘table during cutting, procure a stroboscope: disc. -. :

Slip the stroboscope disc over the turntable center pin, on top of'
\“the blank disc. The black lines are so spaced that, when the turntable

" is running at 78.26 r.p.m. under a fluorescent or neon light fed by a

© 60-cycle power source, per51stence of vision will make the lines appear

to stand still. ‘If the table is revolving too fast, the lines' will appear to -

" turn clockwise; if too slowly, they W111 move counterclockwise. :

, With no cutting in-progress, all but the most expensive tables will

“run- slightly fast—perhaps 80 to 82 r.p.m. With” the stylus on the -
-revolving disc (cutting), the stroboscope.lines should appear to stand
still, indicating that table speed has been'reduced to 78 r.p.m.
" Before worrying too much about speed variations, check to see that
low ‘speed is not caused by a dull stylus, a bad blank disc, or too great
a depth of cut. High speed can: be caused by too shallow a . cut and.
sometimes by. dried-out discs.

‘ In rim-driven turntables, a thumbscrew is usually p1ov1ded for
" adjusting the pressure of the idler against the turntable rim. Within a
small range this adjustment will also vary the speed ‘

. 'Thread Disposal

Control of the thread or ch1p resulting from cutting a disc should
be decided upon duri ing the initial adjustments. - If recording is done from
inside-out' no precautions need be taken.. The average stylus usually

‘throws the thread inward. But if outside-in recordings are made, a

brush will have to be procured. Ote of these is shown in Fig. 409. A
strip of felt rests on: the disc and sweeps the thread toward the center,
where it winds up around the center post. A suction motor may be
- connected to a hose, the end of which is fastened to a metal tube mounted

- on the cutter-assembly so that the mouth of the tube is beside the stylus
~tip.. In such an arrangement, the motor must not create af or r.L.

. interference. - s R

It is also possible to use a soft camel’s-hair bruslr to sweep away

the-thread during recording, but this requlres the constant attention of -

~ the operator who—even though he is not the performer—has more
1mportant duties.elsewhere. A~ brush. should be .on hand, however, for
‘no method of automatic thread disposal is infallible and- occasiondlly -a
thread will hayve to be removed from accidental entanglement with the -
- stylus. This is -a delicate operatlon at best and must be done gently )
the stylus is not made to jump ovet.the thread. ,

CAUTION! Dispose of the.thread—all of it—in water or in a
closed metal container which is used for no other purpose. Most disc -
: coatings are cellulose nitrate compounds and nitrate is'a prlme ingre-
dient of explosives! The disc'is fire- res1stant but the thread is Inghly

' mﬂammable A B




Chapter | 11

Equalization

"

IN prdféssional recordmg Work thére are 2 pr1nc1pal reasons -

for ‘the use of equahzer circuits. First, discs cut at 3374 r.p.m. lose -
some “high-frequency| response as the stylu‘s nears .the center . of tle’

‘record. Second, the recordlst may want &p c1a1 response curves, stch .

as Orthacoustic, Coly mbla Transcription and NAB Standard. In ama-

teur and sem1p10fess onal work 2 more reasons for equalization often
appear. If the respot}lse of the cutter- is not linear, some compensatlon' S
can be made. If a crystal cutter is used, special connection circuits must %

be used, and its response will depend on how it is fed by the amplifier.

F1equency response control for playback of finished discs is discussed: 5

in Chap. 13. /‘

The recor ding amplifier system maust have a flat frequency response
If there are peaks ot 1f ithe amplifier curve drops off excesswely on the
high- or low-frequency end, equalization is not the cure. It is easy to

build a flat amplifier (30 to at least 8,000 cycles) if proper attention is = -

paid to high-quality components and circuit wiring. If the amplifier does
not turn out well, do not insert equalizers to correct the original fre- "

quency response of the amplzﬁer Experimentation with the amplifier ..

is indicated.” o ‘

Making Frequency Runs

It is & good idea to.make a frequency run on the amphfymg system {

before equalization is attempted. For those who are unfamiliar with this-
procedure, the following detailed outline is given.” This method of -~
determining response ctirves is valuable in any audio work and will'be - -

necessary in equalizing ‘the system.
The materials needed are:
1. An ad. test oscillator with frequency variable from 50.-to
10,000 cycles, Output voltage should be sufficient to be
readable on a meter, and output impedance should be .
5,000 ohms. or higher. There should also be|a selection




of low 1mpedances Any commerc1a1 audlo test osc111ator ‘

will suffice. : v

:2. Unless the oscillator has a built-in output meter or is of s
.~ the constant-output, R-C type, a meter should be pro-
vided. Oscillator output must ‘be kept constant at all’
frequencies. g '

3.A dummy load resistor of the same value as the output -
impedance of the amplifier system, with a Wattage equal ’
to the maximum capability of the amplifier..

4. A high-resistance - (1,000 ohms-per-volt or better) a.c.
voltmeter to measure amplifier output. A vacuum-tube
voltmeter or one usitig a crystal rather than a dry-disc
réctifier-is ideal because it will ‘not have frequency - dis-
crimination in the ‘audio range.

5. Pencils .and plenty of paper.

6. A good supply of graph paper (sem1 log paper w1th 3e
cycles by 70 divisions), .

: Connect the oscillator ‘to one of the inputs of the amplifier system
- "Set its output high’enough so.that some indication can be seen on the
amplifier’ voltmeter. Usually, a vacuum-tube voltmeter must ‘be used

_ OUTPUT =
GAINEETRVR s S ME&E?
/ " [awmr_unoer
AR ' — " TEST
'OSCILLATOR| @ o |weut outeuT,
OSC.LEVEL : '
M DUMMY
: LOAD

: Fzg 1101—Frequency run setup. Oscillator output should not be hzgh ‘
enough to overload the initial amplifier stages, but sufficient to give

- a reading on meter M-1.
to show oscillator output when impedance is Ingh because the low re-

sistance of ordinary meters interferes with operation of the test setup.

- Disconnect the -amplifier- output from the cutter and substitute a

" dummy load resistor of the same impedance as the amplifier output.

- Across the dummy load resistor connect the output meter. Now: the

- frequency run can be made, as shown in the following steps: ‘

: 1. Adjust the oscillator to a reference f1equency, such as
1,000 cycles.

2. Adjust amplifier and oscillator gain controls so_that the
amplifier output meter indicates some ‘co‘nvement value .,
‘near center scale. Be sure that the oscillator output is not
so high as to overload the initial amplifier stages, and that -
.osc111at0r output is sufficient to give a reading on the meter
across -its terininals, if one is used If a low-impedance,
high-gain input is being fed, a pad may be inserted between . .-




oscillator and ampﬁﬁer to reduce actual input while still
putting out enough level to actuate. the oscillator output
meter. The setup is'shown in Fig. 1101:

FREQUENGY- CYGLES/ SECOND N
5678100 . 2 3 4.56 781000 2 3 4 56 10000
DB : : - ‘ ‘

+15

+ 1 0F

REFERENGE FF«’EPLENCY

Fig. 1102——Typicdl’ response curve of a poor amplifier.

3. Make a note of both meter readings. For all future steps,
adjust only oscillator output to keep the reading of M-1 .
" (Fig. 1101) at thls same point. Down’t touch amplifier gain
control during these steps. This is most anortrmt
4. Adjust the oscillator to each of the followmg frequencies,
adjusting the oscillator output to keep it constant and mak- -
ing a note of the reading on the amplifier output meter
M-2: 50, 100, 200, 500, 800, 1,000, 2,000, 3,000, 4,000,
5,000, 6,000, 7,000, 8,000, 9,000, and 10,000 cycles. The
voltage output of the amplifier for each frequency should
be tabulated on a sheet ‘of paper.
+ 5. Calibrate a sheet of the graph paper as shown in Fig. 1102,
The horizontal lines represent decibels and the vertical
lines represent frequency. Select a horizontal line in - «
" the center of the sheet and mark it 0 db. In the left margin, -
mark the lines above plus and below minus. '
6. Make a pencil dot at the point where zero db intersects the -
chosen reference frequency (1,000 cycles in Fig. 1102):
7. On a separate sheet of ordinary paper, calculate the decibel
relationship between the output at the reference frequency
and that at 50 cycles. To do this, divide the larger voltage
by the smaller. For instance, if output at the reference
frequency 1,000 cycles was 6 volts and at 50 cycles was
3, dividing the 6 by 3 (6/3) gives 2. This is the voltage
ratio of 50-cycle output to 1,000-cycle output. To con-
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- vert to decibels, look up 2 in the column headed “Voltage
‘Ratio” in- Table: 11-=1, Read decibels under the ‘column
headed “Decibel Gain or Loss.” In this case, a voltage’
- ratio of 2 equals a decibel gain or loss of 6. Since 50- cycle
output was fower than 1,000-cycle output, this must be a
6 db loss. Make a dot on the oraph where 50 cycles 1nter-,
sects W1th minus 6 db

Table 11- 1—Abbrev1ated dec1be1 table,
Voltage ratlos are those found in step 7 in text.

Decibel . Decibel
Voltage Gain Voltage Gain
Ratio . or Ratio [  .or
Loss : Loss
1.06 5 3.35 10.5
112 .10 - 355 110
120 1.6 3.76 115
126 .| 20 398 . | 120
135 |26 422 | 125
141 | 30 447 | 130 . L
1:50 - '35 T4y | 135 w L
1.58 40 500 | 140 '
168 | 45 | 531 |- 145
- 1.78 5.0 562, 15.0
1.88 | 55 596 | 155
2.00 6.0 631 - | 160
2.11 6.5 6.68 | 165
224 | 70 708 | 170
237 7.5 7.50 17.5
251 | 80 794 5| 180
<266 | 85 - 841 . | 185
282 | 90 891 | 190
299 | 7957 | om | 195
316 | 100 - [ 1000 | 200

8. Follow this same procedure for each. of.the other frequen-
. cles used in the test. For instance, in Fig. 1102, voltage
- output at 3,000 cycles was the ,same,as that at 1,000 cycles.
" The dot at 3,000 coincides with the. zero line. At 10,000
cycles output was only 1 volt. Dividing 6' (output at the
reference frequency) by 1 gives 6. The,nearest-figure to
that in Table 11-1 is 5.96. The equivalent dbis 15.5 The




10,000- cycle dot c01nc1des w1th the line. for minus 15 5db..
NOTE Do not interpolate with this table. Values are not "
linear and results will be 1nc0rrect Dec1mal accuracy 18
not necessary.
9. After all the dots are made and rechecked join them w1th
‘ a solid line, ’ :
Interpreting the Curve T
~ The curve of Fig. 1102 shows the frequency response of an amphﬁer B
obtained as shown above ‘An inspection quickly shows that:the high-
: frequency 1esponse is far from satlsfactory For . good- results, there R

\
Fig. 1 03 LLtg t pattern of disc - cut by a wery high

. !
quality | cutter, |showing an almost perfect frequency :
\ - response. :

should noti-be muc \drop ff up to 8,000 cycles. Eleven db, as shown
here, is far-tod mach. le)e unit should be reworked o eliminate stray
capacitances in th wrrm Perhaps too much shielded wire has been
used. Perhaps c1r wit desi ign is faulty. After modification, this whole
process of taking a frequency run should be repeated. ‘When the curve
is practically- flat within |2 db) from 50 to at least 8000 cycles, the .-
amplifier can be called suitable. For professmnal work 1.5 db, or better
from 30 to at least’ 10\ 000 cycles is required. :

. Usmg Magnetic Cu ters
If a magnetlc cutter is used, the actual recorded f1 equency curve, -

\ :
"? ‘\ v ‘59 .
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Lo seemn.

" to be achieved will be modified constant velocity, or some ‘V;ariation' of

‘that characteristic. There are 2 methods in common use for. 1 measurlng e

. the frequency response of a disc cut in this way.
: The first and quickest is the light method:
1. Connect the audio oscillator to the amplifier-input as before,
with provisions for keeping its output level constant. ,
2. Cut a disc at 78 r.p.m., recording a series of frequencies .
CYCLES PER SECOND ‘

+55 678 IOO 2 3 567Bl,000 2 3 4 56!0000
b . . . / .
L A N
1 X . N Lj
A S B T u\\'f
=10} - —~ e
‘ T B , B

Fig. 1104——Outjmt of standard frequency record ( curve 4). and outjmt of recorded
; test disc (curve B).
| from 10, 000 cycles down to 50 cycles. "If the cut is made

outside-in, start with the highest frequency ; if it is made in

- the other direction, start with the lowest. Record each fre-
quency for about.5 seconds, then leave an unmodulated
space of about 3 or 4 sec )nds. Make a careful list of the
frequencies to be used, |

3. Now hold the finished disc obhquely under a single light
source and ‘observe the “Christmas :tree” pattern.of the
cut grooves: Adjust the positions of the disc, light source,
and eye until something’ rlke the picture of Fig. 1103 is

. oy

4 A disc with a practlcally perfect frequency response will =~

appedr like the one in the photo ; the bands from the highest

" useful frequency down to'the turnover frequency will be

about the isame width, F10m turnover downward, the

bands will gradually become narrower..
Thls method does not lend itself to very exact measurement, but it
s an excellent way to make a qmclf preliminary check on the high fre-
quencies. From turtiover upward, the width of the light band is in direct
. proportion to' the recorded voltage. | Measurement can be made with a
- ruler,-and the voltage ratios can be translated into decibel gain or loss,
" just as'in actual voltage measurements. This is not true below turnover.
* Incidentally, this check: w111 show almost the exact turnover frequency '
-of the cutter,

‘After a quick look at the “Chrlstmas tree” pattern, more “eXact
' measurements can be made to determine the exact equalization required

Lt any) to correct ‘cutter deficiencies. Procure ‘one of the standard-

o frequency records on the market. These dlSCS have.a series of tones
: "560 PR,
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recorded on' them with a perfect modified-constant-velocity character-

istic similar to Figs. 605, 606 and 1103. Get one such as Columbia .

#10004-M, with a 500-cycle turnover. We propose to mieasure. cutter-

response by comparing the records it cuts with the standard-frequency '
records, so a good playback pickup will be needed, together. with a .
separate amplifier. The pickup-amplifier system should be of good qual-:"
ity. It .can be adJusted with the standard-frequency record, according .+
to the instructions in Chap 13. Refer to that chapter and adjust the ...

playback system before going ahead with the rest of this process.

~Assuming that the playback system-is feasonably good, play the .
‘frequency record on it-and make a graph of output, just as shown earlier: .,

- in this chapter. The only difference will be that the tone source is now. :
a record and pickup instead of an a.f. oscillator. Amplifier gain'controls,

once set, should be left alone during this test. The graph thus made
‘might be like curve A in Fig. 1104, The fact that this curve is

not flat shows that the pickup-amplifier arrangement is not quite flat, -

but this does not matter 1f -we are concerned only with cutter calibration. ..

Now play, on the same playback system, the frequency record which = -
was made on the new recording machine. Chart its output in the same "
manner. - In both charts, use the 500-cycle turnover frequency as ‘the. . .

reference frequency, so that the 500-cycle point on both graphs will coin-" . -
cide on the O-db line. Plot the curve of the new disc on the same piece *
of graph paper. Curve B in Fig. 1104 is an example of a new- disc. :
- Now compare the two. In the example, the test-record level at 50 -
cycles is obviously 7.5 db lower than that of the standard disc. At 10,000
cycles it is 4.5 db lower. Curve A, representing the standard record,
is the ideal, and we can easily draw a new graph showing the diﬁcer'ences' .
between our disc and the ideal. Fig. 1105 shows the difference in the

example chosen. As we have pointed out, the 50-cycle test record level

was 7.5 db lower than that of the standard record ; therefore, in curve A (S
of Fig. 1105 the 50-cycle level is shown as — 7.5 db and so on. o

56 78100 2 3 4 56 781000 2 3 4 5610}000",_'
DB. : ; Tl
+10 : , — : -

+ 5 Bl - - - — Ei N
\ e LTl
. , \\k
- 5 I~ B

R JAf .

s10tA

Fig. 1105~Difference between test disc and ideal (curve A). Curve B .sﬂho‘ws
equalization wecessary. E

- Now insert enough equalization to counterbalance exactly the drop-

‘off on each end of the frequency range. In ether words, use an equalizer -

that will: raise the 50- -cycle level of the recnrdmg system by exactly
S




7.5 db, etc. The work the equahzer st do is shown in curve B of Flg
1105; "The graph makes equahzer selection easy ; thus in' the example .
it is obvious that a bass booster is needed. For anything but high-fidelity
. professional work, we: would. prol,ably leave the high end alone, since’

the' dropoff of 3 db at 8,000 cycles is not serious.: S :

i Chmce of Equalizer Clrcult v
Thé next step is to choose the equahze1 circuit. The best practlce, :

o lsf to build into the amplifier a versatile equalizer allowing either boost

~ or attenuation of both highs and lows separately, such as the one shown
later in this chapter ; but if space is left on the chassis, the equalizer may

I ‘be selected after the amplifier has been built. -

‘Most high-quality professional installations do.not mclude equahza—

' ' tion" within ‘the recording amplifier. - Invariably; in such systems, the

- setup shown in Fig. 904 is used. Since high-fidelity,; expensive cutters. .
~are incorporated, equalization to compensate for cutter deficiencies is
“unnecessary. What equalization is needed for other purposes'is usually

- placed in the 500-600-ohm line between console and recording amplifier.
However, in less elaborate installations, it is permissible to. have the

“equalizers within the recording amphﬁer Several equalizers are shown -

at the end of this chapter. 8

- After the equalizer has been selected and installed, refer to the

o or1g1na1 graph showing the final response of the amplifier without equali- B

zation. Replace the cutter with the dummy resistor, connect the a.f.
- oscillator to the recording amplifier input, and make new frequency runs.

" The object.now will be to adjust the equalizer to obtain an amplifier
response which will be the same as before, but with the addition of the
necessary equalization. For example, if the amplifier was originally flat

i from 50 to 10,000 cycles, the equalizer now should be adjusted so’ that

‘the response looks like curve B in Fig. 1105. Whatever the amplifier
‘response was, the 50-cycle response should now be raised by 7.5 decibels

= (in our example) and so on.

, ‘Next, reconnect the cutter and make a new test record. Compare
“ this again wich the standard disc. If the complete procedure has been
followed faithfully and accurately, the two should be very similar. If-
- not, make a new .graph of the difference and re-equalize. ,
: Setting the f1equency response of a recording. system is not a quick,
“offhand operation. It is, on the contrary, a job requiring patience, time.
and attention to detail. It is very unlikely that the disc cut will match
precisely the characteristics of the standard record; but if they are
“within 3 or 4 decibels throughout the range up to lO 000 cycles; the
. “recordist will be entitled to a vast amount of pride. Even up to 7,500
~or 8,000 cycles will be very creditable, producing discs with ‘as good
" a response as most commercial phonograph records—often better !
Caution: some inexpensive cutters have an’ effective cutoff as low
as 6 000 cycles Do not attempt to extend the response greatly by equali- -
zation, since this will only 1esult in 3 sharp and unpleasmg peak at. the :
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-~ top of the cutter s normal 1ange A sharp cutoff at the end of the range
is much more desirable. Most AM broadcast receivers put ott:very little
response above 5,000 cycles, yet most people are quite used to.and satis-
fied with this. But anything which cuts off below about 8,000 cycles
cannot be considered high fidelity, and even this {s a very mduloent limit, -

Crystal Cutters
‘ The crystal cutter, 1nhe1ent1y a constant-amphtude dev1ce, canbe "

made, however, to cut ‘modified constant velocity very simply.- W1th
crystals the turnover frequency can be varied at will merely by selec- = :
tion of the proper method of connection to. the amplifier. Constant- "

amplitude records may, of course, be cut, too. ‘

The crystal is a primarily capacitive.device, and its capacitance
remains, for all practical purposes, fairly constant at usual room tempera- o
- tures. It has a definite (and different) impedance at dlfferent frequencies

just as has a capacitor. If the impedance of the crystal always exceeds,

even at the highest frequencies, the impedance of the.source of. power'

AMPLIFIER[™ XTAL . AMPLIFIER
CUTTER ‘

: XTAL : : :
:Qoum_:Rd
(_.___

Fig. 1106—Two methods of comnecting  crystal cutter f‘or czmstcmt amphtude" =
> recording. e

‘which drives it, then the voltage across the cutter will be constant for all- !

frequencies, and the cut will be constant amplitude. As an example the . - i

- following specific data refers to the Brush RC-20._crystal cutter.

The RC-20 has a capacitance of .007 pf. rFrom_ the capacitive ‘re-’;j:.", \

actance formula- X = it is seen that( the impedance is ap- ;

2% FC,

proximately 225 000 ohms at 100 cycles, and about 2, 500 ohms at 9,000
cycles. To cut constant amplitude; the driving source (output trans- -

former secondary or tube plates) should have an impedance about that .-
of the cutter at the highest desired frequency. If, with the RC-20, the ¢

highest frequency des1red is 9,000- cycles the source impedance should .

be 2,500 ohms. although 4,000 ohms. is adequate with this particular -

cutter. Two methods -of connection for constant-amplitude recording '
are shown in Fig. 1106. The transformer- -secondary (a) or the plate-. *
to-plate (b) unpedance should be equal to or less than X, at the top fre- .. -

quency. The maximum signal voltage across the cutter is specified by . -




. the manufacture1 of each crystal cutter. For the RC 20 operating. under 4
" these: condmons it is. about 50 volts. Use a vacuum-tube voltme’cer to,
: measure this..

‘ o 14, when using ‘the  crystal cutter, the 1mpedance of ‘the driving
'.:,'sourc\e.rs ‘made equal to the impedance of the cutter at any frequency, -

“the cutter response drops at the rate of 6 db per nctave above that fre-
quency. The unpedance of the .007 pf capacitance of the RC-20 cutter -
““for instance, is approx1mately 44,000 ohms. at 500 cycles. If it is fed
- by a 44,000-ohm source, response (stylus movement) will be constant .
oo forrall frequenc1es below thé 500-cycle point of equal 1mpedances but,
* as the frequency rises, it will be reduced at the rate of 6 db per octave.

"Under these conditions, the response is exactly the same as a magnetic
*cutter cutting modified constant - velocity! Merely by adjusting the
source impedance we can adjust the characteristic for any desired turn-
over frequency or we can cut constant amplitude, which is merely a
characteristic in which the turnover frequency is above the ‘usable fre-
. quency range, and so, practically speaking, does not exist.

In Fig. 1107 2 methods are shown for connecting the crystal cutter
to obtain the modified-constant-velocity response. In (a), the trans-
* former-secondary impedance and the resistance of R each should be equal =
. to Y, the impedance of the cutter at turnover frequency. In (b), the .
plate-to-plate impedance should be low (triodes or feedback-stabilized
- beam tubes should always be used and these will have a low plate—load

impedance). R should equal cutter impedance at turnover.

~In Fig. 1106:b or 1107-b the transformer-secondary Ioad re51stor
: may be replaced with a loudspeaker for monitoring, provided no equaliza-
~tion exists in the amplifier. However, the speaker alters the plate-load
* impedance with varying freqtiencies and so should not be used at the .

o AMPLIFIER “&;’ AMPLIFIER
- 1 XTAL
e g
. o—a- ' ‘

Fig. 1107~‘Crystal cutr&er connections for modified constant-velocity recording.

 “same time cutting is in progress. . An ideal use for the speaker for play- _
. back of ﬁn{shed recor ds is made possible by a srmple sw1tch1ng arrange- -

- ment

In Flg 1106~ b or 1107-b the blocking capacitors have a very high
- voltage ratmg, to prevent d.c. leakage to the cutter. -
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When modrﬁed constant—veloc1ty response is cut-with a crystal
cutter, driving voltage may be increased. With the RC-20; a-turnover
.of 500 cycles will permit driving voltage of 150. Voltage overloads must ‘
be carefully avoided, or the. crystal may be cracked. o
After the crystal cutter is connected and- the turnover frequency\‘,
checked by observing the light pattern on a test record, the system. is. L

" treated as though a magnetic cutter were used. Most ‘crystal cutters do:,

Fig: 1108—Omne, cycle will oc- -
cupy a wmuch longer path on the
disc ot A-AY, than at B-B2,
with - ifs  wmore acute  bemds.
. Refer to Fig. 1109. : :
not have a flat frequency response. Excessive drop-off on either end, or . -
a serious. peak, may be corrected by equahzatton Theé procedureé is
exact]y the same as previously described for magnetic cutters. '
High-Frequency Pre-Emphasis
‘ After a good standard modified-constant-velocity resporise has been
obtained, some thought can be given to special curves. Commercial
phonoor aph records are made of a shellac compound, an abrasive included .
in it causing surface noise or scratch. Many phonograph users turn _
down the tone control to eliminate this, but, in-so doing, they eliminate” =
much of the high-frequency range of the record as well, For this reason, = . "
record manufacturel s boost|the lngh end of the range in recording. When "+
this is done, using a tone control to reduce high-frequency surface noise -
brings down the boosted h}' ghs to the proper value. While this is not
necessary with instantaneous discs because of their very low noise level,
the recordist may want to try high boost on the premise that: many cheap ni
phonooraphs lack good high- flequency response. Experimentation is
fairly simple, if the equahzen in the amphﬁe1 is sufficiently versatile. One :
record manufacturer, for 1nstance, raises the high frequencies at the rate
of 215 'db per octave, beginning at turnover. This results in a 10-db
boost at 8,000 cycles after which he cuts off the response very sharply.
Many phonographs are excesswely boomy, so experlments with a bass
attenuator may be fruitful.
In cutting discs at 33 /3 rp. we encounter an additional - problem -
in equalization. 'Any cutting system which is properly eéqualized for-

1
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78 -, p i, record;lngs accorchng to the outhne givenin this chaptel, w1II :

cut at the slower spéed just as successfully when cuttmg near the outside
of- a, 165nch disc. When the diameter of the. groove nears 12 mches

h@wever, further treatment is necessary.

Fig. 1109—Grooves of same frequency at different disc diameters.

Fig. 1108 is a schematic drawing of a disc surface. When the disc
revolves under the cutting stylus at a constant speed of 3315 r.p.m., the
stylus will take the same amount of time to travel frem A to A',.if it is
neat the outer edge of the disc, or from B to B’, if it'is near the center,
since each of these distances represent the same fraction of a revolution.
However the actual linear distance travelled at BB’ -
near the disc eenter —is much smaller than that traveled from A to A/,

wlien the stylus is near the edge.

with the cutter

The drawing is much out of scale, but assume that the stylus travels

each of these distances in 1/5,000 second. If the tone being recorded =

1is:5,000 cycles the stylus will trace out 1 cycle in'each case, as the draw-
/ing shows. Notice that the l-cycle groove at AA’ takes up a compara-
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Fig. 1110—Approximate attenuation in playback at. various diameters.

tively long distance and its undulations are fairly gradual. But.at BB’
the same cycle will have to be traced in a much shorter distance and its.
undulations are much sharper and its-bends more acute. The wavelength.
begms to approach the size of thé radius of the playback stylus txp
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Flg 1109 is'an enlarged view of each of these groox‘?es Notlce that -
in AA’ the width of the ‘groove is fairly constant at-all points: A'repro-" S

. ducing needle of the proper size and shape will fit mcely into this groove o
and reproduce its variations faithfully. But. in BB’ the steeper bendg ce

of the engraved wave cause the groove width at points X to be perceptizs

bly narrower than normal. Because of this, the playback needle will be:

forced up out of the groove somewhat; it w1ll not track properly, andﬁ‘

the output volume of the pickup will be ‘decreased. :

This translation loss will occur to some extent no matter what the

- frequency. But, because the higher the’ frequency and the slower thedisc

. r.p.m., the more the number of cycles engraved in a given distance, the

effect 1 1s noticéable at 33%4 r.p.m. and at higher frequencies. In practlce e

pinch effect is not bothersome at frequencies much below 1,000 cycles

but 1f the playback needle is a little larger -than optimum at its point, it

2

Fig. ll‘ll—O{lne type of autdlmaﬁc diameter equalizer mounted| on overhead lathe.

will attenuate frequencies even lower than this.. While the actual at-
tenuation due to this effect in playback varies with the particular pickup-
and needle used the curves in Fig. 1110 are typical. Sihce the radius of
a m1crogroove ‘stylus is staller, translation loss will not|occur with long-
playing discs until a much smaller record diameter is|reached.

Under a diameter of about 8 iriches, the pinch i is s great that little .
correction is possible; but from.8 to about 13 inches, where the effect
begins to be noticeable, dwmeter equalizérs are used to correct the re-
sponse. These high-boost (or low-pass) equalizers have 2 functions. -
First, they boost the amplitude of high frequencres fed to the cutter (or
attenuate the lows), the boost (on attenuation) mcreaseng as the stylus
travels inward. Second,| they maintain over-all cutter level constant.

A number of amateur and semlprofessmnal recordists and all pro-
fessionals u,,e automatic dlameter equalizers in whlch a' variable control

v is geared to ‘the cutter mount so that as the cutter moves inward, equali-

- zation is automatically inereased. Fig. 1111 shows one automatic equal- -
izer, mounted on a recording assembly. A cord attached to the cutter
mount turns the control within the cylindrical case. This unit, priced in -
the neighborhood of $75, is designed for insertion into a low- level 500~
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ohm line; such as that between the console and the 1eco1d1no amphﬁer e
inthe unit of F1g 904, Chap. 9.  Another type, p11ced conmde1ablyp T
hlgher is-shown in Fig. 1112, The long flat box is mounted on.the -

é »l’nechamsm parallel to the feed screw. A metal arm pr 01ect1no from’
ote of the long sides is attached to the cutter mount. The arin, “moving i

_.with the cutter, contacts metal studs within the flat case. The studs

.+ are wired to the other box, which contains the actual equalizer. This .

unit s also designed for insertion-in alow-level, 500-ohm line. :

' 'Diameter equalization can also be performed by hand. First, a
hlgh -boost or low-pass equalizer with a variable control is built into
;the system.” Then a number of large discs are cut’ (without equaliza-

- 'tion). at various diameters with- different ﬁequenmes The playback

. response at each diameter and at each frequency is charted and com-
paled with the response of a good 78-r.p.m. disc. A graph similar to -
~that of Fig. 1110 is then made, and the exact position of.the’ equalizet
control for each diameter is determined. Usually adjustment every inch .
or so is satisfactory. The cutter level must be maintained constant at-
the same time, Doing this jOb manually is not only inexact,- but 1t does » -

N

Fig 1112—Another automatic diameter equalizer. The flat bozx.is
» . _ mstalled on the lathe. A » ]
“not allow the recordist the freedom neeessz‘uy to attend to other things
. An-automatic equalizer can be made by ingenious const1uctols after“
a httle thought .and severa] tests. s

Practlcal Equallzer Circuits o

In the commercial line,. a very popular low- and high-frequency-

type equalizer is the resonant type-allowing independent. boost of highs
and lows, with adjustable resonant f1equen01es These are quite ex- "

pensive but very suitable for high-quality professional installations.

~ Some types give attenuation at both ends of the range. Typ1cal of these

are the UTC 3A and 3D.- : '
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- Thor darson offers a dual tone control: of the nonresouant variety.
‘The kit consists of 2 special dual potentlometers and an af. «choke. The.
circuit permits either boost or attenuation: ofboth ends of the range
independently. The actual Thordarson circuit ‘may be found in- 1the

Thordarson Amplifier Manual, but it is" actually an adaptatlon ofta

"very useful 1dea——usmo degeneratlon for equahzatlon R
. ,Next 2
STAGE

.‘FROM——)
- PREVIOUS
STAGE =

250K

I

- 20K

Fzg 1113— Czrcmt for vaemal equalizer.

I‘lg 1113 shows a 51m11ar and very effective circuit Wthh can be :

" built without special parts. The 6C5 equalizer tube gives no gain unless.
either end of the range is boosted. It is to.be mselted in-an amphﬁeru e

somewhere after the pr eamphﬁer stages.

‘ When the arm' of R1 rises, highs are boosted; when 1t is lowe1ed : o
to ground, highs become normal. . When the arm.of R2 is raised toward. ..

- the cathode, the lows:are boosted when it is grounded, lows are noral,”

When the arm of R3 is gr ounded highs are normal ; when it is raised, =

- highs are. attenuated. R4 controls attenuation of lows in the same: .
_manmner, e
- Values of the capac1to1s C and chokes L are not given because they -
should be determined by experiment and will depend on just what equali-
~ zation is needed. The values will determine which portions of the range .
- are affected. For example, with very small capacitors, only the highest.

parts of the spectrum will be raised or lowered." If quite large. values X

are used, the high controls will affect frequenc1es as low.as 500 cycles '

. The .amouni of boost or attéenuation is controlled only by the potentl— :
ometers. L and C determine the frequency range affected.. In practice
careful measurements of the results must be made. Do not confuse the
functions of the components. This excellent, all-around equalizer is

to be inserted into the amplifier while it is being built; since, no matter - = "
~what correction is later found necessary when cutting tests have been e
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made, it is almost always p0551ble to ad]ust the values of C and L and’f
the settlngs of 'the controls for just the right effect. This umt w111 not.
‘take care of peaks in the range except at either end.
a " Resonant equalizers aré most useful where very sharp boost or
~attenuation is required around a certain frequency. Usually the simpler
nonresonant cirtuit will satisfy the needs of most 1ecord1sts but where -
sharper curves are wanted, cucults similar to that of Fig. 1114 may be

+B
oo ©+ Fig. 1114—4 resowant equalizer circuit,

used. L and C are resonant at the desired frequency, and R1 adjusts
~ the amount. of equalization. R2 compensates for the change in level
which occurs when equahzatmn is varied. Two L-C combinations may
be connected in series for equalization at 2 different frequencies.

Itis seldom advisable to use resonant equahzers to compensate for
_peaks in cutter response. The peaks encountered in most units are not
-so sharp as'to warrant elaborate L.-C- filters, and, when they are used

for this purpose, an undesirable hangover effect makes all tones of the
resonant frequency appear to linger for a period and die away gradually.

" This effect is present whenever the cuiter has a peak, but, while the .

équalizer may flatten the peak according to tests using an a.f. oscillator
and an output meter, the hangover will still appear. It may even be
,accentuated “

“Equalizers for use across low- 1mpedance lines are hard to make;
~ because they must have a fairly good Q if they are of the resonant type.

L Such units can be bought, however, from transformer manufacturers.

If -control of frequency response is desired in a low-impedance line, the
least expensive solution giving the most versatility in use is a small
gainless amplifier inserted in the line. - Any of the various high-im-
‘pedance equalizer circuits which are presented in technical magazines,
or the excellent one described here, may be tised in this amplifier.
Reference to magazines and other literature is, in any case, a good
way to discover many special-purpose equalizer circuits for particular
- requirements. While only one complete equalizer has been described in
. 'this chapter, it is by no means the only suitable one. Equalizers espe- -
* clally designed for record playback will'be found in Chap. 13. See also
the GErNSBACK LI1BRARY book, AMPLIFIER BUILDER’S GUIDE. :
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Chapter, 2 P

Making a Good Recording

‘XI 1 o : ’
E come 1 ow to the crucial phase of recording—the moment
when all the effort and expenditure of time and money are to be vindi-
cated by producmg a tual recordings of as good quality as possible.

Some manufacturers, particularly those who make the less expen- -

sive “home” rec01dels make much of the fact(?) that making a good -

“recor dmg is easy f01 ‘anyone whether or not he has any knowledge or

experience. “Just tu1}n up the volume,” they say, “and lower the re-
cording arm to the disc, and you will have perfect results.”

Thls statement is not true. Even with modern developments it is
emphatically not that easy. Recording is, on the contrary, a painstak-
ing precision job 1equ1111w knowledge and experience. There is little

physical labor connected with recording, but adjustments — mechanical "~

and electrical — must ]be made correctly and frequently checked. Vol-

ume must be controlled accurately; microphone placement and radio

tuning must be done yith care, and every other detail must be scrup-

ulously carried out.; When the recordist learns to do these things —and
they can be learned — 1ecord1ng will be pleasurable and uncomplicated. -

If he does not take the time and trouble to learn, his records will be

amateurish — suitable, perhaps, for party enter talnment or as a sort of

toy, but they will never really satisfy anyone.

Recordings of veny satisfying quality can be made on almost any
equipment, even the least expensive home recorder, but particularly on
custom-made jobhs such as the average radioman can bu1ld with - the
help of information in this book.

At this, point it is assumed that the system has been bought or

built, that tests and final adjustments described in the preceding chapters

have been made, and that a final frequency run and listening check have
been completed satisfactorily. The recording procedures given are ap-
plicable to almost any type of equipment.

The averaoe recordist will not have an acoustically treated studlo, ,




ffp1obably a 11v1ng room “will be plessed into service. But its acoustics
- can be markedly improved' very simply. Human hearmg is bmauml :
.- Our’ears being separated by a small distance, we can judge, not only
~how far we are from a sound, but also the direction from: Wthh the:
sound. is coming. If sounid is coming from our left, for mstance, the’
“left ear will hear it with slightly greater volume than the right. Through
experience- we have learned to detect this slight difference in volume
*and ‘to interpret it automatically in terms of d11ect10n. The situation is- ',
somewhat analogous to the stereoscopic effect obtained with two eyes.
lhe 1111910phone is monaural, tne equivalent of only a single ear’
(just-as the camiera is a single eye), and the stereoscopic effect is. not
present. The microphone, therefore, cannot distinguish dzrectwn ;
although it can reveal distance by relative volume.

In the average room, bare walls, floors, and wood furniture all re-
flect 'sound waves and cause small echoes. o normal binaural persons . -
these echoes are almost unnoticeable ; they come from diverse directions -
and appear natural. and are autonmtmdlly taken into account when de-
termining the direction of a sound. But to a micr ophone all these echoes
seem to come from the same direction ; they present a miscellaneous con-
- glomeration of repetitions of the same sound which, in the loudspeaker
. appears as a multiplied echo, an unnatural and often an annoying one,

In building sound studios most of the small echoes are eliminated:
and the remainder are dimiinished. Some, of course, are left 's6 that the
sound will not appear to|be coming from a telephorie booth ot from the
~ grave, The amount of echo which a studio of a room contains is known .

“ as its liveness. The opposite effect, that of cons1delably less echo than

" normal, is krniown-as deadness.
In early broadcasting, rooms were usually completely lined by sound-
absorbent material such as heavy dlapel ies and they were almost com-
-pletely dead. Today, the advances in the science of acoustics have led
" to elaborate treatments|to control desned degrees of 11veness_ and
" -deadness. ‘ ‘
. Treatment for almost any -room other than a large hall is neither
difficult nor expensive. First, determine the condition of the room by
, havmg someone speak into the microphone from at least 3 or 4-feet away,
- raising his voice to get about the same microphone output as for normal
g mlcrophone distance of 6 ‘to 12 inches.  Listen c11t1cally on a loudspeaker
 in another room; a 1101'1112}1 room.. If any excess echo is apparent, it.can
“ be reduced by hanging heavy cloth over bare wall surfaces, or by putting
“rugs on bare floors. Often; however, some particular portion of the.
room will be found satisfactory as is. When treating a room, do it by
slow degrees. First cover some obviousicatise of echo then listen again;
repeat thls procedure until unnatural effects. are ehmmated but stop -

before the room becomes unnaturally dead. The amplifier and loud-

-speaker used should, of .course, have as good characteristics as the re-"'
cording equipment. If desired, small rec01d cuts may be made for each.‘ -
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ftest and played back—— not in the treated foom, but in.an ordlnary one‘ R

Once the room has been treated and found satisfactory, it can gen-

erally be left the same for all future recording. However, the’ same o
tests.and tréatment may be gone through each time a different program -~

type or musical group is to be recorded. If this is done, use as the test * -
the particular material to be recorded. Genelally, musical recordings ;
are benefited by greater liveness than that required for speech alone.
Notice that the very best phonovl aph records are those in which there

-is a perceptible echo, giving a “large hall” effect. European symphomc, i

and oper atlc 1ecords are partlcularly excellent -in this respect.-
Mlcrophone Placement

Microphone’ placement is a subject on which, very few exact rules

can be fmmulated The first ca1d1na1 principle, however, agreed upon

i

STRONGER‘
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O«<—WEAKER
VOICES

1=

7"\ OPEN PIANO TOP

O~—wmic

A .
FU 1202—M¢crophone placement
. for piano recording.”’

o \TRONGER ‘
IE O A\VoIcES
O W

- ool . speakers  with dynamic micro-
phone; b—with ribbon microphone.

by all modern broadcast and recording technicians, is that, no matter e
how many- temptmo amplifier input channels and nncr:l)phones are on -
hand, no more microphones should be used than the minimum necessary
to do the job. It-used tobe fashionable, for example, tolquse a separate

Fig. 1201-0—Placement of several .. -

microphone for each section of the orchestra and for each soloist. Today™ - - k

it is agreed that very few run-of-the-mill programs need more than 2

- microphones for the actual program material. Not only is it difficult =~

to use several microphones in the same room without appreciable ‘inter-:
action among them, but, by having the musicians control their own |
expression an‘cl' the speakers do their own fading, the performers them--
selves have a more accurate idea of how they sound. In addition, a. .

recordist- has: enouglt to do without havmg to watch constantly the

© mixing of several channels
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. “When recordlng speech the speaker should ‘be at least 12 1nches
- from most ribbon or velocity microphones, and at least 6 inches from any

- other type. Microphone téchnique is simple but important. For instance,
if the speaker raises his voice momentarily to make a point he should
bring his head back slightly rather than depending on the 0pe1ator and
the gain controls to keep average level constant.

. If several speakers are to be 1ec0r_ded they must be arranged before
the microphone in accordance with their vocal volume. Except for
- spec1a1 effects, everyone should speak at natural vplume, neither shout-
ing or whispering. In radio and recording, emphas;s and exp1ess1on can

be achieved most effectively by controlling the pitch of the voice and the ™

pauses between particular words, as well as variation of speaking speed.
The late President Roosevelt was perhaps one of the finest exponents
of this technique. ' ‘

In recording several persons, place the weakest voice where normal
gain setting gives tiormal volume. indicator level. Then place each ad-
ditional speaker at a distance which ‘WIH produce the same indication
" —far, if his voice is loud, and near if it is soft. This balancing should
" . be done with care.” Once the positions have been set, each person, must
maintain his position. If necessary (and poss1b1e) mark Xs’ lon the -

floor with chalk. It goes without saying that all persons must’ face a.

live side of the microphone. - Typical setups for several speakers, using
dynamic and ribbon microphones, are shown in Figs. 1201-a and b.

‘ Certain special effects may be obtained by purposely varying the
speaker’s position. For instance, if the speaker is supposed to be leaving,

he can gradually turn his face away from the micr ophone as he speaks

the last few words, and even walk away slightly. This is called a fade.
If the voice is to be lowered, as in a confidential tone, the speaker should

~ lean forward into the microphone. To call someone at a distance, the -

voice should De raised and the face turned half away. All these and
many other effects will be discovered in practice, but each should be

rehearsed carefully, with the recordist watching the volume ‘indicator.

For recording a grand piano, standard technique is to open ' the

~top and place the microphone a few feet:from the piano and facing the:

uplifted sounding board, as shown in Fig. 1202. The distance should
be determined by trial, both from a quality as well as from a volume

standpoint. Generally, increasing the distance will increase the echo

‘effect ; this is usually uidesirable with piano. For upright and spinet

pianos, there is-no standard technique and proper positioning must be:

determined by experiment. In most cases results will not be as good
‘as with grands, but acceptable results may often be secured by opening
< the top or removing the large front board beneath the keyboard. If

this is done, there will ‘usually be some frequency discrimination, de-

penchncr on whether the microphone is placed at the left or the right of
the piano. :

For piano recordlngs, the volume 1nd1cat0r is not as eﬁectlve as for
74 : p
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other recordings. Except for magic- eye types, there is'a small laor be-

tween the begmnlng of a sound and the full registration of the meter and
since the piano is, a per cussiotr instrument - (for electronlc pu1 poses‘

ouly), the initial percusswe impact of the hammers on the strings ‘will

create an 1nstantaneous peak which will not be shown on: the indicator. *
As a result, piano records cut at normal indicator reading will often
distort on these percussive peaks because of cutter ovelload——espe-* ,
‘c1a11y with crystal cutters — and experiments should be made to: deter—,

mine the proper gain setting for reduction of this effect

PIANO

loXe) ODF\'UMSO
BASS BRASS (y

O O
CLARINET, sax O

O VIOLINS O

C-mic.

Fig. 1203—A4 typical dqnce band setup.

~The largest amount of experimentation| must be done with musical - -
groups. Standard orchestra seating for public playing does not neces- "
sarily agree with recording requirements. The horns, for instance, must . -
be far enough from the microphone to prevent their comparatively high

level from overriding the strings or soloists: It is often good practice

for soloists to use the same microphone as the band or orchestra, in .
which "case the relative distances must be carefully d'etermined‘ for o

proper balance.

Usually, the best place for the microphone is in front of and =
slightly above the orchestra. A single microphone almost always will " -
be sufficient. - Introducing others may cause interaction troubles, where
the microphones may be so connected that the sound output of one is = -
exactly 180 degrees out of phase with the other and cancellation is pro-. =
duced. In special cases where the piano is used for solo passages but'is -

combined with the orchestra for most of the playing, a separate micro-

phone - may|be located over the piano. When that is done, the recordist -

or control ¢perator must be something of a musician, for he will deter-
mine the musical balance whenever this microphone is used. Highly =~ 7
‘directional types are best for this work. . When the piano is used for .
solo work only, it can be placed in front of the orchestra and an extra: -

. microphone is unnecessary. A typical dance band setup is shown in -
' Fig. 1203. ' : :

Dokt
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Smgers are also a spec1a1 problem D1stance f10m the. mlcrophone

is ‘a’ question of vocal ‘power. Never place a powe1fu1 singer close and . -

then reduce gain very greatly. Gauge distance by leavmg m1cr0phone: i :" i

boam at normal setting and moving the singer, ,
B " When ‘more than one microphone must be used, locate them some .
distance apart with ‘their directional patterns 'either opposing or at

- right angles, the object being to avoid picking up sound on one micro- - ”' o
~phone which is intended for the other. Fig. 1204 illustrates typical
.- right and wrong positions. ' R

© - Making the Cut : ey
- Use a monitor system, if one is ava11ab1e in arriving at these place-
ments and balances, - then check by makmo test cuts. The following.

. is' recommended procedure for -all cutting; tests as well as complete ;

“recor dlngs

1. Select a good stylus and test it by following cutting in-
structions 2 to 6 below (without feeding any audlo to the
cutter), then playing back the blank grooves on a phono-
graph. The cut should be’ silent, and the. grooves should -

“‘be shiny under a single light sotirce. ‘

2. Place a good blank on the turntable and pos1t1or1 the
k\mechamsm over the turntable. Place the ‘cutter over .the
begmmng of the record (or whatever surface has not been

- _used,-in the case of test cuts), but not nearer to the
perimeter than 74 inch. (When recording 1n51de out start: -
at least 14 inch out from the label for 78 r.p.m: or at .
least 4 inches from the center at 33.1/3 r.p.m.). - : .

3. Start the turntable and give it a few seconds to- attain
speed. -

4. Engage the cutter mount with the lead screw (unless this
. happens automatically. at some point). =
. 5. Gently lower the stylus onto the revolvmg disc: o
6. Check immediately to see that the chip is being disposed
. of properly. One 1esu1t of lowering the cuttet too quickly =
can be the improper throwing of the first part of the chip,
and its entanglement with the stylus. If this ‘happe\ns,
" brush it away carefully. -
7. Open gain controls or switches to feed audlo to the cutter.
" The best practice is to use variable controls rather than
- switches, for this. There is almost always a small amount
" of general air noise and agitation in a room, and, if it is.-
abr uptly switched in, it'is not1ceable on playback. F ade in
~ ‘smoothly. )
8. Signal the performers. to begm N ote that this procedure
has given the cttter time to engrave a few blank grooves. '’
~at the begmnmg of the disc — whlch is deSIrable o '
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Do whatever 1nput mlmno is necessary throughout the‘_ s

record, and keep one eye glued on the volume indicator..
Do not try to keep all material at the same level, ‘but" any
reasonably large rises or drops in'program level should be"
~compensated for to some extent by:operation of the appro~ .
priate gain control. Keep the indicotor reading at refer-. '
‘ence level on peaks and somewhere between winimum

. and reference reading at other times. Over-all level S
should be kept as hlgh as possible to ploduce a-good” ..
signal-to-noise ratio in the finished disc, but do not over--

- compensate to the. extent that normal musical ‘expr ession

10.

1L

A2,

Here are some important cautions.
garded on occasion, but generally ‘they apply: , :
1. Newer start or stop the tirntable while the stylus s restmg
on the dxsc ("This 1ule must never be broken or the stylus‘

2.

will be completely wiped out. This mon1t011ng process is’
known technmally as manual compresszon and “that is, .
exactly what ‘it is. (The slang term is riding “gain.) -

Volume changes are’ compr essed into smaller variations,
but not eliminated. It is unfortunate that this' must be

\WRONG

‘ Fig, 1204—Right and wwiong ways
to place two ribbon mtcro[)hones
for Dest pick-up.

“done because some realism is. sacrificed (which is ‘why «
* volume expanders are used in some playback amplifiers), -
but the cutter, must be neither overloaded nor fed so low a. .-

level that no appreciable stylus movement will occur.

Keep an eye on the chip. - (With one eye on the volume,"
indicator and one on the chip, the recordist will run out of

eyes, but most people manage anyhow!)

As the end of the record draws near, s1gnal the perform- |

ers.. Do not cut closer than 4 1nch to the label at 78
r.pam., nor closer than about 4 inches from the center at -
~ 3375 r.pam. (I recording inside- out don’t ‘cut closer than S

4 inch to the rim.)

As the performance ends, close the gain controls, let, the S

stylus cut a fewblank grooves, then conclude with a lock

the cutter after cutting the blank grooves.

will bel) - :
Never use a:bad stylus. - -

P

They can, of couse be disre-

‘groove if the machine is capable of it.. If rot, simply . hft" o




3 Always make- at least 2 test cuts before each 1ec0rd1ng
The first should be made blank to test the stylus, and the
second should be modulated with a sample of the program
material. ‘Where special effects or balances are necessary,
make a test cut of each one. Using discs for test purposes:

- .Fig. 1205 — Eccentric

.groove at end of com-

‘mercial - phonograph
P record.

Fig. 1206—Appearance
of lock groove at cen-
ter of disc. )

is cheaper in time, temper, and money, than ruining com- ..
© -, plete recordings through 1mpr0per balances and place-
ments.
4. Use the same type of disc and stylus for the tests as for the
. final job,
5. Never allow volume to’ exceed the no- dlStOrthﬂ limits of -
the cutter and amplifier. .
_ 6. Never allow anyone to touch a live mlcrophone duung
cutting.
7. Never place a microphone on a piano which is to be played
or on any vibrating surface.
8. Never allow anyone to handle the recording equipment un-
less he knows all about it (self-protection, and better than
; - an-instrance policy). :
9. Make sure that all prellmmary adJustments made according
~ to the procedures detailed in previous chapters are st111 ~
I effective before cutting. )

Lock Grooves .

Anyone who has ever played a record made by an inexperienced
- person is familiar with the action of the pickup when it reaches the end
" of the record. The needle reaches the end of the last spiral groove and,
_having no place else to go, flies out into the center of the turntable, plow-
ing up the label and, if there is no mechanical stop, digging up the.

' grooves on the opposite half of the surface. Commercial phonograph

" records have a so-called eccentric groove at the end (Fig. 1205), but
“this is made durmg processing and is impractical for instantaneous
recordmgs
, ~There is, however, a very simple way of making a lock groove with .
. any mechanism which allows the cutter to be disengaged from the lead
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L




,screvir without.being raised from the r‘ecokr‘d. Fig. 1206 shows the last

few grooves of a disc so treated. The grooves are perfectly spiral until
the last groove.. Then the cutter has not moved inward as usual, ‘and a
perfect circle results.
- groove, it rides around in it until the pickup is removed. There 1s no -
possibility of the dlsastrous effects mentioned above. o
To make a lock groove, allow the turntable a few extra revolut1ons~
after the program material has ended ; then disengage the lead screw so
that cutter movement stops. Allow the turntable slightly wiore than one
additional revolution, and then raise the cutter off the record without en-
gaging the lead screw.. Tq perform this operation successfully requires
a little practice, but the technique is not difficult. Den’t allow the turn-
table much more than one frevolution with the lead screw disengaged be-
cause each time it traverses the same groove the stylus cuts deeper and

When the playback needle reaches the circular’ e

©owill eventually reach the base material and blunt itself. If less than one -
révolution is allowed, the circle will be mcomplete, and the attempt ata -

lock groove might as well have been omitted.
If the particular mechanism at hand does not allow lock- groovmg,

’

let the cutter make as manly blank grooves as room allows at the end of - 5', 5
the disc.” That will give the playback operator time to lift ‘the plckup (R

before the pickup arm flies| off.

Spiraling

Another allied technic
the large ones made at 3374 r.p.m., several selections or announcements.
'may be recorded on the same side. It is desirable to separate these, so
that selected ones may be played without having to hunt for them.

The spiraling techmque is this: allow a couple of blank grooves at
the end of a selection, the
cutter.. Immediately pushn{he cutter by hand about %4 inch inward and
immediately re-engage the Iead screw, proceeding with the next selection.
Do not push the cutter too fast about 6 or 7 times the speed at which it
is normally actuated by the Head screw is sufficient,

jue is spiraling; On many records, especially.‘ o

dlsenffage the lead screw without lifting the. .~

Spiraling is difficult ¢
vertently to create a lock g
operations immediately. S
crank at the outside end o¢f
in Fig, 406, chapter 4).
makes the lead screw turn
of error. Hand-spiraling re

. error, it should be done ot

Making Radio Record

Recording radio.progr:

cellent way to build a libr

roove by failing to perform the “immediate’”
me machines are provided with a spiraling.
the lead secrew. (Such a recorder is shown .

o spiral, simply turn the crank by hand. This

faster than normal and there is no possibility " °
quires practice, and because of the chance of
ily when absolutely necessary.

lings - : S
ams, speeches, or musical selections is an ex-
ary. Most radios can be connected to the

“recording amplifier input i either of 2 ways. The first method involyes

placing the amplifier input

directly across the speaker voice coil of the
o

\

o do manually, since it is very easy inad- - -




' recelver, as shown m F1g 1207 If the speaker is to be dlsconnected or -
switched ‘out for any reason during recording, a dummy load resistor -
equal to the voice-coil mlpedance should be substituted. - This. brldgmg E

allows the high- 1111pedance mput of any amphﬁe1 to be fed by any’ low-

1mpedance source - which . is p1ope11y terminated ‘in its cha1acter1st1c g

RECORDING

RADIO, i - AMPLIFIER

+B

VOIGE
COolL

. CIRCUIT
4-8
OHMS

SPEAKER

FU 1207—— ne ‘method of L‘OM[)ZM/LJ radio ‘receiver 1o
recording amplifier.

\ lmpedance The very large loss of level in this process explams why the

~ high- power level normally used for a loudspeaker may be coupled di- i
, 'rectly to an amplifier input. ngl frequencies may be lost with this *
" -arrangement, .and, any ‘distortion in the audio system of the receiver .

will be passed on.
The second,  and better method, is to connect the amphﬁe1 mput

. directly to the output of the second detector load resistor, as in Fig:

'1208. Here the recording amplifier simply replaces the receiver’s audio
section.  (See also Chap. 8). '

RECEIVER
2 ND DETECTOR

e it . TO RECORDING
e AMPLIFIER

Fig. 1208—An0ther radio connection,  which -bypasses:
‘ receiver audio system.

© With ei‘ther of these arrangements, a.c.-d.c. receivers .are “not -
recommended, since their chassis are often tied'to one side of the power
- line. "They are also usually of poor fidelity, which is another good rea-

son for not using them. -If such a set must be used, insert a 1 to 1 ratio

1solat111g transformer between it and the recording amplifier 01 use- .05 wuf’

- capac1tors in series w1th bo{h sides of the audlo line,

80

i




Record Playback and Duplication

‘ THERF are many occasions when it is desnable or necessa1y~, .
to miake copies of either original’ discs ‘or commercial’ phonograph
records. Often you will want to keep a copy of a particularly interesting
recording made for someone else, or several persons will want copies of '.
- acut. . The oppo1tunities for duplication of recordings are many, and.

- no recordist who is interested in the work should be w1thout duphcatlon gt

“facilities. S

“There are 2 methods of duplication. The first is generally known,f,
.. as re-recording or dubbmg, and the second is the fact01y p1essm<7‘.' '
pr ocess
B Re-recordmg and Dubbmg : .
~ Dubbing is a slang term which has come to mean the same as 1e-v :
recording. It is a process of playmU back the original ‘disc w1th a

ORIGINAL : DUBBED
RECORD - [, . RECORD
‘ 00000 »

W AMPLIFIER

ng 1301—Setup for dubbmg or maka a-copy of a recordmg

standard phonograph pickup whose output is fedinto the 1zegordin1gﬂ,'

ampliﬁel and thence to the cutter. The cutter engraves a new recording -
which is (ideally) an exact copy of the original (Fig. 1301). :

"Offhand, the operation appears extremely snnple and, as far.as theyl‘ o

. actual physical manipulations are concerned, it is. But here again, we
run into the problem of audio quality. In previous chapte‘xs‘we have
* shown how the amplifier-cutter combination has been equalized to make =
1}'ecords of a standard characteristic when sound is fed into the. System.
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In.dubbing and re-recording we must’ again perform an equalization = *
‘process since the sound-outtput of the pickup playing back the original® -~ *
. record ‘must be" of - the same quality and charactér, as the sound ‘the
;.'"mlcrophone or radio tuner furnished for the original recording, In other
.- words, the pickup characteristics must exactly complement those of the
Ccuttér to produce a resultant flat output to be applied to the amplifier..
S Thas brmas us up squarely against the problem of record reproduction.
[ Heretofm e, we have concentrated .on makmg the product; now we must' .

. play it-back properly.
Since the ettire system, from mput td stylus, has already “been
equahzed on ‘the basis of a flat sound source, the placement of any cor-

o rective equalization must be limited to that portion of the circut which

- lies between the pickup and the amplifier input. We cannot equalize
" at any point beyond the grid of the first amplifier tube without upsetting
- the"adjustments already made. Moreover, the input used for.the re-

*recording and playback pickup will be used probably for other pickups -~

and ‘for 1ad10 tuners; it would obviously be unwise to tamper with the
amphﬁer itself.

“Equalizing the Pickup '

‘ From the standpoint of calculating curves, pickup equahzatlon is
usually the simplest process ifivolving frequency correction in the en-

‘tire recording chain. For dubbing purposes, the object is to obtain from-’
any record a flat output. For playback of records into a loudspeaker, it
may ‘be desirable, however, to adjust tone controls by ear to obtain. the:

~ sound most pleasing to the listener. And pleasing sound, to the average

listener, as some listening tests have shown, may not make a full-range
frequency curve desirable. However, as stressed in the beginning of

Chap. 11, when producing a disc,.'the full frequency range should be
; placed on the record, no matter what the source of the sound. When the

disc-is played back, the listener is free to adjusthis tone controls; but. if;

the full range is not recorded in the first place, the ultimate listener is re-

- ‘stricted in his choice of playback response. DISCS should represent, as
' nearly as possible, the original sound. Surface | noise is not a consider-
ation. Instantaneous’ discs introduce very little 1); any scratch; if, in re-
. recording a commercial phonograph record we try to ehnnnate noise, we

‘will also eliminate a part of the range. The entale object, therefore, in

1equal1z1nor a pickup is to obtain a dlSC as nearly ‘hke the original as pos- o
~.siblein every respect. o
For-making copies of original dlscs macle o1 our own system, the

" pickup should produce-a flat output from those discs. To accomphsh

this, first make a frequency record. As described in Chap. 11, this is a -
process of recording a series of tones from an audio oscillator, keeping -
the oscillator output. constant throughout. This disc - will always' be .

 valuable for showmg the system s char actellstlc,‘ ancl it should be care-
fully preserved.

. Now prov1de a means of measuring the output of the pickup whlle
82 S D ¥ :
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: playmg this record by - connectlng a vacuum: tube voltmete1 across . the, L
"= grid of one of the tubes following the amplifier input tube. Selec 'a_‘;stage; G
" where the voltage is sufficient to actuate the meter, and — tly '

- important — o stage precedmg which there 15910 equalzzatzon i

" Connect: p1ckup to amplifier and play the record. ‘Leave: all gam[ ey
controls alone, once set. Note the voltage registered ‘on the ‘meter for. -

each frequency played. Then, following the 1nst1uct10ns in- Chap 11,/

: make a-graph of-the pickup response.
*If the pickup used is-a magnetic with a- perfect (constant veloc1ty)
frequency response, and if the récording system characteristic is the

- standard modified- constant velocity with 500-cycle turnover, the graph
~ will resemble curve A in Fig. 1302. The upper portion w111 be flat be

cause the characteristic of the perfect magnetic pickup exactly " comple-‘
meénts that of the perfect magnetic cutter (with a flat amphﬁer) But in®
modzﬁed—constant velocity recordlng, groove width 1e1na1ns constant be-,

N 5678,K)O 2 3 45678|,000 2 3 4.56|0,000

20 ;
S]]

™
+|5 ) .

ol

bB.g ' ™~ 3 ' | 1alalel

rop <+

|

-5
. 'A_//

Fig. 1302—Curve A, output of perfect magnetic. pickup from perfect modrﬁed\""
VC—V disc. - Curve B required equalization. Curve C, output after nsertion of -
proper low-boost equaltzer :

. ~low the turnover frequency ; the pickup would produce flat output. only
if groove width continued to increase with dropping frequency. There-
fore, as shown in curve B, equalization equal to the drop will be required.
at the low-frequency end. With a low-boost equalizer inserted between |
pickup and anlphﬁer make new curves by replaying the disc. ‘When the
- measured. output, is flat, as shown in curve (C, the system is perfectlyt
equalized. . . g

In practical terms, almost no plckup is so perfect as to glve a curve, A

" exactly like curve A in Fig. 1302, nor is any cutter so faultless as to
produce a perfect modified-constant-velocity record: N either is’ it pos-
sible to design an equalizer which would give precisely- the ‘correction,
-shown. - But, no matter what the output of- the pickup from the test dlSC, ‘




‘a Clitve of it may be plotted If a complementary curve is plotted show-'

ing the required equahzatron (like curve B in Fig. 1302) an equalizer

““ednbe chosen which, when properly adjusted, will give a reasonably flat -

- -output, regardless of the type pickup used or-the curve of the cutting. L

- system. If the eventual pickup output is. made flat within 2 or 3 decibels . ;

S ‘throughout the range, a very satisfactory re-recording system is obtamed -
- Dubbing of commiercial phonograph records is a somewhat different

' matter The curves used in making tnese. records. are not: usually stan-

.dard, although almost all U.S. makers use a 500-cycle turnover. Usually

» the 'high range is boosted ‘often not in a linear manner. If a frequency < .

]

L type recomniended: for use as a comparison in Chap: 11, and equalize the -
.- pickup for flat output from this.. With these discs,. 1nc1dentally, just.about. .
* ' the same results as those shown in curve A of Fig. 1302 will be obtained, " =
. if the pickup is a very good magnetic. An ad]ustable high- {requency s
. attenuator shotld be added in addltlon to whatever equalization is neces- -
sary for the orrgmal flat output. The phonograph records should then * -

récord could be obtamed showing the curve used in these recordings,, it - B
. would be a simple matter to adjust for flat output, just as was done above
i ‘with our own test drsc but such records are.mot available. The best pro-..

cedure is to use one of the available standard- frequency records, of the "

be adjusted by ear for the most natural sound, using a good loudspeaker

i system and a flat amphﬁer Do not try-to elzmmate smfface noise. Just ‘
<+ adjust for. the most natural sound of all the musical instruments. - Re-

“member: while equalization of the pickup for phonograph records is @

Lo hat-or-miss jwoceedmg, depending mostly ou' the ear,: - adjustment for.
<. -playing one’s own discs definitely is not. Make the test record and .the -~
- graphs. Just as with the recording amphﬁer and cutter, correction of the

- pickup s time-consuming and pamstakmg, but it is the only guarantee. '

- of good copies. ‘ S
i < Choice: of - the plckup is very 1mp01tant Only a few better grade ,
“ magnetic units will have the ideal constant-velocity characteristic, and
j_crystals will not have it at all. " A good ¢rystal will have a flat constant- 7 "
ﬂ_;_amphtude characteristic; However, the type of characteristic is not nearly o0
- .so-important as the frequency range and. the linearity. of response.. The . ¢
~~_dubbing pickup should have at least the same range as the cutting sys-.

- tem, with very small peaks ir the range. Most pickups ~- crystal and
magnetic — have an upper and a lower resonance point, and additional”
ones are present, due to the arm. These peaks should be either outside ... -
. the range to be reproduced or should be very small. The impracticality - *
ol equalizing out these. peaks automatrcally precludes the use of cheapy, W
"f:,un1ts Lt | .
‘There are a’ number of hrgh quality, reasonably priced (under $30) o
magnet1c and crystal pickups or pickup cartridges available for nom- ' -

- -professiorial use. Some of these are good enotigh for profess1onal use

Most of them have permanent sapphlre styh N
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If apickup W1thout a permanent stylus is chosen be sure fo use

only the best shadowgraphed steel needles, changing needles after each’

t iplay The surface of “acetate’ discs is fairly soft and easﬂy plowed up o
by impr: opelly shaped or 'worn styli. Most separately 'sold “permanent”™; * .

needles will not have: the correct angle or the correct shape.’ Many of f’;’ ;
" them will quickly ruin, not only instantaneous, but also shellac records.

" long pickup.arm is best, but shorter ones with offset heads are accept-

~ Any pickup used should also have low needle pressure on the disc.. This' " -
can be determined with a postal scale. If it is realized that a p1essure of it
3 otinces on the minute area covered by the needle point'is equal 'to- o
"~ several tons. per square inch, its importance will be appreciated. Better'-;‘, g
tp1ckups today exert pressure of only about 0.5 to 1 ounce, 5-8 grams’ forff :

_microgrooves. Do not counterweight a commercial pickup, however,. to
L reduce pressure since this will usually make it track nnproperly

1 2 MEG.

cl - -
: o | PIGKUP
500K :

fzg 1303—Basic hu]h boostm for crys- Fzg 1304——Ba3¢f /’th attenuator for‘ .
. tal pickups. ) : crystal pu:kmbs . ‘ :

For reduction of angular trackmg error (see Fig. 407, Chap 4) a"V o

- able. . Short, straight arms often damage instantaneous discs to a slight
- extent and are 11kely to skid'across the surface if the grooves are not deep '
‘enough. : e

‘ Any equalizers must be placed between pickup and 1eco1d1ng amph—
ﬁer, not within the amphﬁe1 Several equahzers for this pu1pose a1ey"“
shown here. i

: Since crystal p1ckups are constant-amplitude devices, they need lngh— a
{requency boost when ‘playing standard discs. Fig. 1303.shows ‘one
standard method of boosting highs. The selection of value for C and the
setting of the 2-megohm potentiometer determines the range and amount:
. of boost. For sharper results, 2 such R-C combinations. inay.*b'e«u‘sed; ;
" in' series. : :
For reduct1on of high- flequency response of crystal plckups, e
capacitor in series with a‘variable resistor may be shunted across. the :
- input tube grid, provided a series resistor is inserted between pickup: and .
- grid (see Fig. 1304) C is again a matter of choice thr ough iecessity:
The sefies resistor is necessary to isolate pickup from equalizer and 'to -
keep' the impedance across the pickup high, since low termination im-

pedance will reduce output of lows. A crystal pickup is a capacitive de-
. vice and a capacitor. shunted directly across it would only 1educe output .

' w1thout d1scr1m1nat1ng agamst any frequenc1es S S
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F1g 1305 shows a low frequency booster for. maonetlc plckups RI :

o is the termination recommended by the’ manufactule1 R2, R3 and o)
7.'are chosen by experiment, Output will be quite low with ‘this c1rcu1t,: Bl

o since:it'is actually a treble attenuator, Many: circuits of this type are to
: f.be found in radio magazines and books, and experiment will be fruitful,:
+ For the most: reliable equalization, a small equalizing amphﬁer is: -

recommended ‘One manufacturer recommends the one shown in Fig. =

1306 for the varlable reluctance pickup cartridge, but it is valuable for’

- 90 can be conveniently furnished by a 90-volt battery mounted w1th1n the
“playback turntable case, or by the main amplifier. : P
In this truly versatile unit, any standard R-C or L-C equahzers may

“any plckup The tube is a 6SC7, and the required ‘B-voltage of about SR

"be inserted in either the first plate circuit or the second grid circuit, with-

out causing any: tundesirable reaction on input or output. If the gain of -

neécted from HI-OUTPUT to ground and the-desired output voltage -

put ‘may be taken off a tap the required resistance from ground. If the -

. the preamplifier is not needed, a 0.5-megohm potentiometer may be con-

~ tapped off. Or, if the main amplifier has a low- impedance input, the out- .- "' o

| o pre-amplifier gain is desired and the amplifier input is low-impedance, an - i
. ordinary- plate-to-line transformer can be used. ,The. input resistor R .= = ‘i

~should equal whatever termination resistance the maker recommends for-
~ his. plckup even if it is very low, though gain will be reduced in this case.
If desired, the amplifier may be constructed for use as a feedback

’ Dubbmg Procedure -
The actual procedure of dubbing is s1mp1e Use’a good turntable
of correct speed — check with a stroboscope disc, dow’t estimate — and

- cutter over the beginning of the blank disc and lower it. Place the pickup
.. :needle in the first groove of the original, then open the gain control. The
.. procedure from there on is the same as for any other recording:
. The process described in the last paragraph is, according to purists, -
~ re-recording. The truer, original meaning of dubbing is the 1nsert1on,_' :
. .within program material of matter recorded on another dlSC For in-
stance, during a dramatic performance which is being recorded through
. a microphone, phonog1 aph records may be used, with the dubbmg pick--
.. up, to furnish background and ¢ brrdoe music — an excellent reason for
havmg mixing and monitoring facilities. Music can be faded in under
" the voices and then brought up to full volume to provide separation be-
" .tween scenes. Sound-effects libraries are available, which consist. of

equalizer such as that of Fig. 1113, Chap. 11. In this case, a 6SN7 may
be used. ‘It will have no gain except at the frequenc1es to be accentuated S

- with no vibration:  Start playback and .recording tables, position the. -

© - records. of almost every imaginable sound. During performances or "

" dramatized talks, these sound-effect records can be played into the re-
. cording amphﬁer at the proper moment. They are often superior to

- effects -created manually in ‘the studio because of, their very 11fe11ke‘

o quahty Most of them were, in fact, recorded from 11fe. ‘
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Often- composite recordmgs can be made One of the many ﬂses

‘1 td which dubbing can be put was demonstrated during a. political cam-"

paign when an oratorllecorded a speech in which he 1eferred often ' to
the late President Roosevelt and several t1mes quoted Roosevelt s words

MAGNETIC "
PICKUP

CT

: F1g 1305—-Bass booster for magnetzc pickups:

But, instead of the orator repeatmtr these jwords hlmself he would say, -
- “On July 14th, 1943, Franklin D. Roosevelt said . and then a short -
excerpt from a record of Roosevelt’s voice would be ‘dubbed into the -
recording amplifier, : after which the orator would continue.
Many interesting and— to the uninitiated — strange tricks can be
“done with dubbing.' It is possible for a singer to sing all 4 parts of ‘a’
barber-shop quartet, First make a record of the melody, and then a-disc . :
of the second tenor part, simultaneously dubbing in the record of the first

- part: ' Next, record the baritone part, dubbing in s1mu1taneously .the

2-voice disc just made; and finally record the bass while dubbing in the
“other 3 voices. Imacrlnatlon and ingenuity will convert the dubbmg pick-
up into a tool of many uses.

Pressing

If a substantial number -of copies is to be made of a particular disc,
the re-recording process is extremely tedious and time-consuming. In :

4
x5 » ’ ,
33K 33K J R

— /- 3 Q)HI-OUTPUT
90V 88K 68K
- +B ) ,‘

PIGKUP ©) VARIABLE
7 QUTPUT

mplifier for low-level magnetic pzckup

l

addition, of course, tl}e finished copies are not as permanent as a some-

what tougher materlal would be and they suffe1 from the 1nev1tab1e loss:
‘ 8T

Fzg 1306—Typzcal unequahzed prea




of ﬁdehty Therefore the pressing process is used ThlS is: the method,

by which all conmercial phonograph. records are: duphcated and‘turned
~out in mass production. 'The pressmo is' done in" a factory, and the « “

‘service is usually available to anyone. Tt is economlcal only when a largeﬁ:

number of copies are to be made. -

“The original recording-is made in the usual manner, although large: o

’ producers of photiograph records frequently use wax blanks instead of -
~ instantaneous-type materials. The disc used, however, must be somewhat ‘

larger than usual, and the technical requirements for quality are strict..

Table 13-1 gives the diameter of the blank discs used for finished press- =~ -

ings of given sizes, Maxunum and minimum groove diameters are also L

. shown.. Cl

*Table 13- — Dimensions (in inches) . of originals for processing.

Final disc Re&(:;;iling Grooye‘diar‘net’ers.
B $ize | size- Maximtm | Minimum' |
T | um | 9% | #s
“,12”,1‘3-%:,,1 o s
6 | a1 | e

S The cut must be the proper depth, shiny, and generally good, with- .
out any objectionable patterns (see next chapter). It is extremely. m- -

* portant that.no disc intended for processing be played back. Make suffi-

" cient test cuts to assure proper system adjustment, then depend on the

. monitor and the ear to tell whether the disc is sat1sfacto1y
‘ " At the factory, the disc is clamped in a retainer ring (the reason for

. the éxtra diameter), and a microscopically thin, metal surface, is de-
. posited over it. Next a heavy coating of copper is electroplated onto -
.+ this sutface. The whole is removed from the disc, and the part which
- contacted the or1g1nal is a negative reproduction of the grooves. This:
copper negative is soldered to a heavy backing plate and- becomes the ~
initial master stamper. A thin coating of nickel is usually deposrted onor e

the grooved surface for additional strength.

. The record: material, which may be a shellac compound or vmyl L
- acetate (known as vinylite), is prepared by heating, and the grooved
-~ “{ace of the master is pressed into it. After coolmg, the record is trlmmed :

y «_and labeled:

~“Selection of the 1ecord material is up to the recor dist. Ordmary

\ 'shellac is inexpensive, but rather coarse, containing an abrasive sub- . °
stance intended to grind steel needles to the shape of the groove, but in o
the process much surface noise is produced Shellac is used for almost -

Sl phonocraph records and. is responsible for almost the entire scratch

{problem Whl(‘){h has bothered the industry for years. It is- qurte hard,

- though brittle)

sk

N 1\ b
l

and W111 take quite a beatmg
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-that breaking a vinylite record is a job for a tearer-in-half-of- telephone-‘

mehte 1s| much mote eXpenswe than shellac but it is ext1emelyf_
Smooth—almo it as smooth as the original instantaneous. disc ‘coating.

“As a result, there is very- little surface noise. Commelcml record makers. -
are:flow puttmg out vmyhte discs for pubhc consumpt1on “The rathex'\;_‘;

surpr1smg thing about the atténdant advertising is that most of them are ;
billed as unbreakable rather - thari scratchless,  While it is perfectly true

. ‘books, the very much lowered surface noise would seem to be the 1m-'-, :

portant factor. .
“The comparatlve softness of vmyhte dlscs is to somie extent a dlS—

; advantaoe A needle may be dropped on a shellac record without too = .~
. ‘much damage, if not dropped from too great a height; the same mlshap [y
with a vinylite will cause a deep furlow to be plowed up. mehtes are

also-‘easily scratched in ordinary handling. For this reason, v1ny11te :"‘
should. not be chosen if the users will employ cheap heavy pleupS and”'
little care.

Somie manufacturers make lammated pr essmgs in which the actual’ o

playmU surfacés are thin sheets of a high-grade material of better smooth-

ness than 01d1na1y shellac ‘compounds: Between the playing surfaces is = = ..
- sandwiched a cheap paper filler. These discs can be reploduced exceél-
lently (with reasonable care) and often cost no more than standard

shellac, because the expense of the good surfaces is offset by the cheap~] S

ness- of the filler material. Some Brltlsh records are made with ‘a very

- .\gh]gh grade of shellac with low. surface noise.

Before making an original for pressing, it is advisable to consultv o

- with the company which will do the pressing and learn| the detailed re-
“quirements. However, if-a good re-recording ‘system has been set tip, "
any good record can be re- recorded onto a new oversize blank f01 p1 ess- o
‘ing with only a small loss in fidelity. ' Ll
‘ The eccentric groove at the end of the pressings’ is placed in the .

' master by the pressing. firm and, 1f this is. desned 1o lock gr oove should o

“be made in the ougmal |

g




. Chapter | 14

. Troubles in Rec’or‘di‘ng‘

’ LIKE any other apparatus, recording systems develop diffi-.

- culties and faults, and recordists run into.snags. This chapter lists a
number of common troubles of the system and suggested solutions. - Bive
The Stylus YL ‘ I

SmarpNEss: If a stylus is sharp, the grooves will be shiny; if not, . -
it will tear instead of engraving and pol'ishing If it is dull and if it is
actually chipped, an audible hiss can usually be heard during cutting.
Have styli resharpened frequently. , o
" LeEwetH: :Styli which are too long -or short for the system after VAR
has been adjusted will cause variations in the angle which thé cutting - -
face makes with the disc surface. This angle should be just 90 degrees. -
L Use only styli of the. 1ength used when’ adjustment was made.
SHANK: If the shank is too soft, as with steel styli, high frequencies .-

-will be attenuated due to stylus compliance. Stellite and Sapph1re styli =

are invariably mounted in sufficiently stiff shanks.. .

. The Cutter

. Overroaps: Distortion not present in the amplifier or sound source
may be.traced to cutter overload. Do not exceed the manufacturer-
~recommended applied voltage and/or power. Above this limit,: cutter
‘response is nonlinear, that is, an increase of level applied will not cause
‘ajcorresponding increase of stylus movement. To make certain cutter is .
- “operating linearly, feed amplifier an -oscillator tone which is varied ‘in
level in 2-db steps. Playback on a linear phonograph should show an "«
“olitput increasing in steps of the same amount. If increase becomes .~
smaller as level reaches the maximum, cutter is being overloaded at: the
. point where the increase begins to vary. Since surface noise is not, an
i 1portant factor with instantaneous discs, it is best to lean over. back-

: Wrtrd in staying under the maximum allowable level to be fed the cutter:

- | 9@




o

. noise in playback

o rlf pre- emphasrs of any - frequenc1es is employed prlor to the cutter,
o ‘measure maximum level at the most pre- emphasrzed frequency. :

- ConnEcrioN: Feed magnetic cutters from a source of the sameg-l,
- impedance at ‘which the maker rates the cutter. Experlment with the( o
" connection of crystal ‘cutters as suggested ‘in Chap 11 Mlstakes mk
'Connectlon may cause drstortlon s

" AVAILABLE DRIVING POWER: If distortion occurs on peaks it may k

be caused by an amplifier with insufficient power to. supply the peaks e
without excessive distortion. Use an- amphﬁer capable of supplying 3/

times the normally required power, at 2% or less harmonic. distortion.

- If amplifier is too small, reduce output and cut at Jower average level

; 'The Feed Mechanism

GROOVE SPACING: A pattern somewhat like - Frg 1401-a mdrcates'ﬂ.

that the lead screw is not spacing the grooves accurately. The screw may

i

-

Fig. 1401—Four common. types of
foulty disc pattern, each caused by
some specific vecording defect de-
- scribed in text: a—Improper. groove
spacing; b—Recording on a warped
disc; ¢, d—Hum or turntable rumble.

be worn so that some of the threads are chipped off or the threads may . -
be fouled with chip or dust and dirt. They may be. insufficiently lubri-
~cated. The guide trolley may be too dry to allow the cutter mount to'
-travel freely; causing the mount to rise and take the half-nut out of the '
+.screw threads. The half-nut may not be solidly in the threads; there 1§

often an adjustment for thlS ‘

_‘ The Disc

SURFACE BRIGHTNESS: A well- cut disc will appear shmy under a' _

. smgle light source. If it is not, probably the stylus is bad. Or it may be -
that the disc coatmg has dried out from age, or, with off- brand discs,

the coatmg may be inferior to begln w1t1 Dullness will, mean surface‘




WARPING Dlsts whlch are: warped bef01e cuttmcr w1ll ‘cause the.
stylus to- jump. up; ‘causing 4. -pattern’ like. that' of F1g 1401-b. Tt is
usually 1mposs1b1e to flatten’ warped records; and they should be‘ dis-

- carded. - This is actually good economy, since a jumping styliis’ will ome:
- ‘down too hard and will- eventually, if not 1mmed1ate1y, becomea broken ,

: stylus Good styh as you. w111 dlscover are much more expenswe than, Sl

' good disest AL

CUTTING DEPTH : If cutter weightis too- 0reat,sthe stylus w111 cut :

¢ too deep “Ifstylus” hits base material, it will. be chipped. Even-ifit'is

- not, groove width may become- so great that the stylus will cut into adja-
- cent ‘grooves on high-level passages. " If depth of cut is too small play-
' back pickups will not track, but will jump ot of ‘the . groove ‘and skich oo
. "Chips ‘should be about the texture of a’very .coarse human ‘hair and' S
,should .come out in one piece, not crumbled. '

"I"he Turntable

. SPEED: Speed should always be measu1ed while & cut is bemg made e
- On rimdrive tables, a small adjustment of idler pressure will often’ cor-f‘
.~ irect small speed-discrepancies. If the speed is uneven, the motor may be
~too small or the idlers may be flatted. Chip may - also tangle in either:
_the drive mechanism or the motor and cause binding. " If the overhead
- lathe does not exactly fit the table, it can cause speed variation; Bearings -
»‘may also be fouled with chip.. Lubrication-of the entire mechanlcal sys-
" ‘teth may be 1nsufﬁc1ent Walped or unevenly coated d1scs cail: cause !
L Wows. ,
, VIBRAI‘ION Turntable 1umb1e will 1eco1d a hum o all discs cut”
- with it present. This will cause an optical pattern which resembles Fig. -
1401=¢ or d.” " (This pattern is also -caused by amplifier ‘hum.) Try
~ isolating the motor from the case and mounting with shock mounts or '
- putting the screws through live-rubber grommets. See that the case ds .
«solid; with no loose wooden parts: Often rumble can be miinimized by -
— fastenlng the motor and table very tightly to the case. This problem is
- ‘prevalent with the less expensive motors ; but even with the best ones, - ,
-the shock mounts supplied may be dried out; in which case they should ..
" be replaced. Be sure that the assembly. is grav1tat1ona11y centered.
- "Flatted idlers are a cause of rumble, as are uneven or worn drive’ shafts -
woand, beaungs The motor armature may not be properly cente1 ed Id1e1 ,
L pressure against tu1ntable may be too great. :

The Ampllﬁer

“Huwm: See that filament leads are tw1sted and kept as fat as posmble: o o
i from audio leads, especially in early stages. Mount power transformers " -
as far from low-level, a.f. stages as possible, and orient for least hum~ /'
“before screwing to chassis. - Orient interstage and’ input t1ansf0rmer's’:-'.f o
s0. See that filter condensers are of high quality and in good condi- "~ "
B t’ion The entue power supply filter must be very effectwe If system =

o 02




e ,'ble the tube hiss caused by shot effect. Loose connections or cold solder

drlver until the noise. is locahzed See that ‘all components are rigidly
rmounted.. Small resistors and condensers can be mounted. by the1r eads’

. if ‘the leads are not to long, but never wire 2 of them in series and?

“ other. Use no more shielded wire in the amplifier than :the mlnlmum;'

nected.  Check to.see that no shielded leads longer than about 15 feet-
“ are run to the amplifier from microphones, pickups, and tuners Wthhf'

Cisin. 2 or more parts ‘see that all cha551s mot01 frames cablne‘
" rare bonded together aid gr ounded: with very ‘heavy wire or shiel braid-
. ing, “ While an actual gr qund may 1ot be necessary,: bondlng deﬁmtely is.
However, groundlng is oood for- d1aln1ng static charges, espec ally on
- “the disc. ‘See that high- 1nlpedance input leads dare shielded and the & ‘1eld
« i securely grounded to the sy'stem Do not overdo-the sh1eld1ng w1thn;1 the.
*“amplifier, as this will redu}ce high- frequency response. - Check fo ‘bad .
.- potentiorheters Whose a11n\s do not | make pos1t1ve contact w1th the‘
1es1stance strip. 0 p o : :
. RANDOM NOISE: Tlns can be caused by excesswe gam makmg audl—: :

oy

. ]ObS are a prime causel Check all plugs and terminals. *Bad interstage:

“ blocking condensers and plate load resistors are.often gullty 1f nothmg

" ‘else works, prod the w1’r1ng gently ‘with the insulated handle of a scre

“ suppoit them by.1 lead of 1each Make generous tise of small tie lugs
brackets, and mounting strips. 1f all else fails, remove all ground con
*nections from the chass1s and run a heavy bus bar through the alnphﬁer
. tyingall grounds to it. Grounds for each ‘stage shotld be very close to”
- the same point, Check nnC1 ophones pickups, and tuners to see that they'gy
- are-noiseless. :
- Mricrormonics: If sound is heard When a tube is hchtly tapped v
" the tube must be shock- mounted. (Occaswnally a particular tube may
-be' microphonic because of a manufacturing defect. ' Replace it.)- Fasten ;
 the socket to the chassis through 2 rubber grommets. Pentodes-are more
‘susceptlble to nncrophonlcs than triodes; as well as:being more sub]ect
‘to hum and shot effect. However, non- nncrophonlc pentodes -such’as’
 the 65]7-Y, are often ava11able 6]7 s-are less noisy and cause less hum e
than 65]7’s. ‘ L s ‘
- HIGH-FREQUENCY DROPOFF.: High- 1mpedance cucmts are most sus-
'ceptlble, especially plate circuits of pentodes and all grid circuits, Keep:
- wiring of these parts away from chassis and as far as possible from eachi -

which will eliminate hum.” Use high-quality transformers correctly con

“have hlgh impedance output.  If longer lines must be run; use: low-
-impedarnce devices and line-to-grid input transformers. ‘Do not try tn"ﬂ .
- correct by using equalizers except as a very.- last resort. : -
" Low-FREQUENCY DROPOFF: Use large. 1nterstage blocklng capacl—*
"tors — 0.1 puf being abouit :right for any. stage. See. that interstage. -
and” output tlansf01mers are-not carrying any more ;d.c. - thai: 1at1ngs
: allow Whele pos51b1e it is desn able to use t1ansf01me1s rated’ at 'Zero



: d ¢, W1th shunt fed plate circuits. - See that cathode bypass condensers
are: larcre and in good shape.. Where the cathode resistor is 2,500.chms
- or.more, 25 pf should be used ; larger capacltance where the cathode ter oy
_‘s1stance is 'smaller, - To’ be exact, capacitor’s reactance (X) should""

" “alWavs be 0.1 R or less at the lowest desired frequency.

JPoSITIVE FEEDBACK : If the amplifier develops osc1llat1ons 1t s,

probable that some stage is feeding back to another stage in phase Be

‘sure that inputs and outputs are well separated. Capacitance between in- i

put and output leads. will decrease to below ‘the danger point if .this pre-. -
cautlon is. taken Use decoupling filters on at least every other stage to o

v;-,prevent low-frequency motorboatmg oscillation.

- NEcaTIve FEEDBACK : Negative or inverse feedback is used: to-in--

, ;creaSe range and reduce distortion. Be sure the feedback components do .
" not' introduce frequeicy discrimination. Unintentional inverse- feedback. .~ -
fnay occur when the output of one stage is fed back to the mput of an .

o earlier stage through capacitance between closely spaced ‘wires. Since
- the feedback is capacitive, it will increase with increasing frequency and -
.. the highs will feed back most, causing an over-all reduction of high

* response. - Whether this unintentional capacitive couplmcr will cause’ -
high-frequency reduction or oscillation depends entirely on whether it
- is in.or out of phase; in other words, on which stage feeds back to

[_‘.}whlch stage. Fowever, since unintentional coupling is undesirable in

- any case, eliminate it by isolating léads as far as possible. Don’t.try to . =
" cram a big amplifier into a small space. Recording systems are not ...
“.. ideal pocket-size gadgets! ‘

i

General
- Cumrp: The chip must not be allowed to entangle with the stylus

. Use a hand brush and plenty of personal atténtion, or an automatic brush L
. such-as that shown in Fig. 409, Chap 4. If it does tangle, extr1cate it
.. with- the utmost care. If the stylus jumps over the chip, the d1sc w1ll

be damaged.

Praysack: Use only the lightweight pickups and the best shadow~ j

.,"graphed steel or built-in permanent needles to play records back. Fre-

e quency-response faults may be corrected by the methods presented-in

Chap. 13.

STORAGE : Store discs on edge in a press. Keepmg them on a‘shelf =

* beside. or between a number of other discs, all fairly t1ghtly packed is

.+ ideal for prevention of warpmg Keep away from excessive heat. Store
~in record envelopes, as dust is the cause of much noise in playback. If -

‘discs become too dusty, wash in almost cold water (no soap) and dry :

- either with-a lintless silk cloth or leave exposed in a dustless room.. If . ..

~water is hard, it is better to dry the disc with a lintless cloth. -
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: cl'up The thread of dis¢ coatmg material which is dug out by the. stylus

‘hdellty Likeness between original and-reproduced sounds. | Not" to be: cot:

‘constant amplitude: Method-of recording in which groove width is the samie:

 Glossary

acetate' Term erroneously used to designate mstantaneous d1scs St
.automatic equalizer:, Device which atitomatically ~compensates - for. IOSsAn e

high-frequency response due to. diminishing groove dlameter as’ c)ltter
moves inward,. , . , _ :

“blank:: The disc before it is cut.
" center pin: Pin at center of turmtable which passes through center Lhole

—of disc. i
center post: The end support of lathe mechanisms which is placed over the
center pin. N

christmas tree pattern: See light pattern.

at all frequencies with constant cutter voltage. :
constant velocity: Method of recording where groove w1dth decreases w1th :
rising frequency with constant cutter voltage. ) o e
crossover frequency: See turnover frequency. B
cut: . (Verb) To make a recording. (Noun) A recording. : BRI
cutter: Device -which converts electrical (audio) energy- to movement of
.. stylus; counterpart of the phono pickup used for playback. " :
cutting angle: Vertical angle cutting face of stylus makes with disc surface
" on forward side; Should normally be exactly 90 degrees but may be
YVery slightly less, never more.
cutting head: See cutter : o
depth of cut: Distance of vertical penetration of stylus into disc coating ma-
terial; governed by weight applied to .cutter. = This determines also’the:
lateral dimension of the groove, and the amount of land between grooves. .
dubbing: Duplication of all or part of material on ore disc, by playing 1t :
through pickup and amplifier into cutter and recording on: 2’ new d1sc
See F1d 1301, - See also re-recording.

- dummy load: A resistor which temporarily replaces a reactive load, such ag’h

- & loudspeaker or cutter, and is of the same impedance. Used for meass
urement purposes to avoid changes in meter readings due to varymg
reactance of normal load.

equalization: Deliberate alteration of frequency response for some specxﬁc
purpose.

feed mechanism: Mechanical assembly which carries cuttér across drsc durmg
recording. Term means entire unit, including guide rods, feed screw,
center and otitside posts, etc. :

feed screw: Threaded rod of feed mechanism which revolves in synchromsm
with- turntable and pushes cutter across disc during recording,. - .

fused with guality, which denotes pleasing tone of 1eproduced sound, but
may or.may not be an accurate likeness of the original..! :
governor: ‘Device which regulates the speed of nonsynchronous motors
groove: The spiral track cut into the disc coating mater1a1 _path of whrch 15
varied in accordance with modulation, -

P

‘groove width: The amount of Iateral variation- 1n the path of the gr00ve

-, - caused by modulation.

idler: “Rubber-rimmed wheel-used in rim-driven turntables to transmlt motor
shaft movement to turntable.

instantaneous recording:. Record which may be played back nnmedm.tely
after it is cut, without further processing.

land:  Band of uncut record surface between adjacent. grooves. See F1g 703

lateral recording: Recording method in which modulation causes varratlons :
in the lateral path of the groove, See groove wxdth




: lathey Overhead 'type feed mechanlsm as d1st1ngu1shed from a swmomg arm 3

type mechamsm
© lead serew: See feed screw. - 5 ‘ '
: hght/ pattern -See Fig. 1103, in Chapter 11 and accompanymcr text

_lock groove: Grdove.at end of cut designed to prévent pickip from ﬂymg off (R
The lock gioove:.is a perfect. c1rcle rather than: a. spiral.” See Fig. 1206
. mothﬁed constant velomty Most used recording method. -Constant amplx-_; .

fude is ‘employed up to a selected turnover frequency and constant :

veloc1ty above that frequency

: momtor amplifier:’ Amplifier’ and assoc1ate<l loudspeaker used to llsten to,'“'
;“ material being recorded, as drstmourshed from recording. ampllﬁer wh1ch -

feeds cutter only.:

“pattern Visible results on finished discs, because of 1mproper ad]ustments =
4o of the'recording system or inferior components. See Figs, ‘1103 :and" 1401, 7
pinch effects - Narrowmcr of portions of . grooves at small cutting diameters-*
e near ceuie1 of disc, which reduces high- flequeucy response and increases
dlStOl‘tlon in. playback Important only in 33 1/3r.p.m. recordmcr See .

Fig. 1109,

per-inch. A

flrpre-emphaSIS. Progresswe boostxno' of frequencies -at one end'oif range’_ :

(usually high end): during recordm A form of equalization,

- process.” .Term also uséd to refer to a record made by the presgsing
process,:

plifier and recording on'a'new disc. See dubbing.
“verse of pre-emphasis. . :
~vibration in cutting or playback turntable.

material‘in best (and most expensive) styli.

“ghellac:. Gritty, brittle material 6f which most. phonograph records are made o
spiral:- (Nowun) Path of grooves during recording. (Verb) Process: of sep-i .
aratlnc different selections on same drsc by momentanly crreatly decreas-‘: L

ing the cutting pitch.
stelllte A metallic alloy used as tip material in’ medium- pr1ced styli.
: stroboscope dlSC Disc printed with radial lmes, used in ‘checking turntable
speed.
styluss- Cutting tool.

., synchronous motor' "One whose speed 1s governed by power lme flequency :

. thread: Sce chip,

" tone control: Equalizer device used in phonographs to allow hstener to at-' v

tenuate or hoost low or high frequencies:
-tracking error: Failure of the stylus cutting face surface to'coincide thh a

disc radius drawn through- the stylus. Error exists when face cuts radlus"

. atan angle, Occurs with swinging-arm feed mechanisms.
‘transition’ frequency See turnover frequency

'rurnover frequency: Frequency at - which constant amplitude charges ‘to
constant velocity response in modified constant veloc1ty records Usually. o

between 250 and 1,000 cycles.

",vertlcal recording: Recording method wherem modulat1on varres groove B

depths.
) avmyhte' Smooth, flexible materral of whlch certain prcssmgs are made

; volume indicator: Meter, neon light, or “magic eye” tube whrch vrsually m-_fi.?

“dicates maximum allowable cutting level.

"=wow “Wavering .of’ musrcal tones caused by variations’in turntable speed 1n' S

recordmg or. playback

‘pltch (General) Frequeucy of souud (Recording) Number of grooves, cut o

‘g;pressmg Method of duplicating records in-large quantity; a manufacturmol :

- re-recording: Dupllcatmn of an ent1re disc by playing it into recordmcr am- .
rolloff Progressive attenuation’of frequencies at one end of range; The -reé/ g
‘mmble" Low—frequency noise ‘héard in record playback, caused by motor

fksavpphlre. Very hard ‘and smooth precious” (or synthetic) stone used as trp:-jf

T g







