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EQ

By Terence O'Kelly

Dwuring a lecture in 1819, Hans Chrisiian
Darsted discoverad 1o his surprisa that alecirical
gurrant running through a wire made the wire act like
a magnel, InCetober, 1831, Michael Faraday
chacovered the reverse effect thal moving a magriet
Iry &rd Ul & & eoil of wire produced alacirne currant
In the coll; and the taster the magnet moved, tha
e curren! was producad. These two descovernias
Ied to the developrment of electricity as a medium of
anergy. Today we generate electncity by using waler
O Sheam Drestsiund 10 fum shalts with hugd magnels
attachad 1o them. The shafts and magnels are
SuMroLnoed Dy coss of wire 50 that. as the shal lums
e MOVING Magnets produce edectnic curent in the
coils. If an elecinic motor s plugged inlo the curment,
the alecincity fliows into fhe molor's coils and tums
the magneis on the motor's shalt, the drill drills, the
furniable tums.

Faraday's discovery also apples 1o [aps record-

ing and playback, A tape haad is actually an slecto-
rragret with coils of wira msids, When music iz
franslated into electnical current, the curreni is sem
1o the nigd 1o act as a Inﬂgr'lrl.'l pLttrg H1:I-I:'_|I"IE'I|I_.'“ prinr
patems on the lapa,

Whan recordad tape runs pas! the playtack
head, the magnehc prnts on the [ope create a
current in e hasd wisch 5 amplisd in s chan of
audo components and is fnally fed to the Speakers
Ihe curren] nduced n fhe head (s output), Nowener
OO N Chonen dresc iy i (e gl sC Sagngl on
P LAl T CLarend Geoercds on e rals of changa
in thi fiuo leveal, o, in other words, on how fast the
magnetic prints move past the head, just 8s in
Faraday's coil. Recorded 1ape nol moving past the
head generates no signal in the haad at all, Since
Figh requencies have more prints 1han [ow re-
auancees (cl, FIG. 3, Notebook #3), they have a

greater rate ol change (they seem to be “moving
faster”) and, consaquently, they have more oulput, In
lerms of voltage, tha outpul Increases at a rate of
GaB per ootave — twice as much output every fima
the freguency is doubled, To compensate for this
increasing oulput (FIG, 1A}, the playback seclion ol &
tape recorder has a decreasing skope built into its
curcultry (FIG. 18) 5o that the Increass phus the
decraase g “equalized’’ fora flal response (FIG. 10)
Equalization makes up for the differences in output
by making them equal However, as lreguencies
NCreass gnd he dSgiances Debaasn onnts wave-
leragihs) grow shorer, high Treguency losses due 1o
such fachon as siow tane sprsed wide playback
gaps, and matatons in the tape cause the 5B octave
oudpu incosase 10 el ofl and Dan 0 aroo: To
solve this problem, the effect of the decreasing sliope
(B} iz rarmoved at a particular frecuency point 5o that
the natural high Tregusncy oulpul ncreass makas up
for tha (rable beses

The first ferrio oxide lapes made for cassaila
recordars began 19 kee thair 6dB/ociave increasa al
a ralainely s Iraguency because the casaetts laps
moved much more slowly than open-reel recorders
The output increase dropped 3dB at a transition point
of 13263 He, 50 thie "equalizafion’” decrea=e (B) was
removed al this freguency, In elecironic engineenng
jerms. his transiman oot was acheved with “a Ime
constant of 120 microseconds™ s one millonth ol 8
second)

The irvvenilon of chromeum diowide tapes sgnil
icantly improved cassofle high requency response
with & fotally reey kind of tape ceode thal was mone
efhcient al shor wavalengihs than lemic axide for
mulas Bacause of this efficlency, the transition paint
of CRCHL moved 1o a higher frequency of 22736
Hz, or 7048 EQ, The lime constant of T0-us is
advaniageols beciusa it allows the GdBlociave
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slope (B) to continue longer and, in effect, *'boosts™
fewer high frequencies (FIG. 2); and less high
frequency boost means less tape hiss gets boosted
at the same time. The major audibée difference be-
hween cassette fapes is not in high or normal bias,
but in 70 or 120-us equalization: the 70-wus EC will
ahlways provide about 4.5 dB less tape hiss.
Chromium dioxide, chrome-eguivalent, ferrichrome,
and meatal particke tapes all use TO-ws playback EQ

There is another cassette playback time con-
slant in addition to 120 ps and 70 us that is not as
widely known: 3180 us (50 Hz transition paint),
Instead of boosting the lowest bass frequencies so
much that there may be problems with hum or low
frequency noise, those frequencies below 50 Hz are
rolled off slightly on playback. To make up for this roll-
off, the record EQ gives those frequencies a boost
during recc:rdin% equal to the playback rolloff, Some
manufaclurers, er, are abandoning the 3180-us
time constant standard because they feel that new
head designs for better low frequency response are
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rastricted by this time constant. A tape recorded ona
machine with the 3180-us EQ and played back on a
deck without it will have too much bass unless a tone
control can reduce it 1o a degree.

Playback equalization is standardized so that
any tape recorded on any one machine will sound the
same on all machines when it is played back because
all machines should have exactly the same playback

EQ. Since the types of heads, circuitry, and tape
fomulations do differ, any adjustments are made o
recording equalization or “preemphasis’’ in a partic-
ular recorder using a particular tape. The adjust-
ments are made to record £EQ so that the frequency
response on playback is flat according 1o the stan-
dard playback EQ which all decks follow (FIG. 3). All
decks use some amount of record EQ 1o give the
high frequencies a boost before recording

because the high frequency losses cannot be com-
pensated enough simply by removing the decreasing
slope with playback EC. Boosting the high fre-
quencies bafore recording also avoids increasing the
tape hiss that accompanies playback EQ. but the
record EQ must not be so great that it boosts the
highs to distortion or saturation caused by overload-
ing the tape. So, while playback EQ Is standard on all
machines, each machine has an adjustable record
EQ which is used to insure flat frequency response at
the standard playback equalizations.
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Open reel tapes also use equalization, and the
faster speeds available mean less drastic frequency
alteration. Complications arise, however, because of
a variety of speeds and because of different stan-
dards—NAB, DIN, |IEC, and CCIR. Most American
and Japanese open-reel decks canform to NAB stan-
dards somewhat similar to those used in cassette
dgecks, The chief difference between the NAB and the
other, European, standards is that the NAB allows the
EdBfoctave slope in playback 1o continue to a higher
transition freguency 1o reduce more tape hiss, and
the bass goes not receive as much playback boost in
orger to avoid hum problems and low frequency
noise. NAB standards call for a 3180ws EQ rolloff for
ihe bass for 334, 7V, and 15 inches per second (ips);
the: high frequancy time constant is 90 us (1768 Hz)
tor 334 and 50 us (3183 Hz) for both 714 and 15 ips.
Al 30 ips there is no bass attenuation: 17.5 us (9095
Hz) is the high frequency EQ.



European standards, known as DI (zerman),
|EC {international), or CCIR (French) use different
time constants (FIG. 4). The 334 ips speed uses the
sama as those of the NAB, but other speeds have no
bass rofloff at all. High frequency time constants are
:.i‘g;fa{EETd Mz) for 7V ips and 35 us (4547 Hz) for

ps.
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Some professional machines are designed so
that a choice of NAB or IEC playback EQ is available.
An open-reel recorder using NAB EQ uses a bass
boost on record equalization 10 make up for the
3180us rolloff on playiback. NAB time conslants also
call for more record preemphasis of the high fre-
quencies than the [EC time constants because the
high frequency turnover or transition point occurs at
higher frequencies to avoid more hiss (compara the
45 dB less noise of a cassette time constant of 70 us

compared to 120 us), The drawback is that the extra
preamphasis pushes the high frequencies closer o
the point of distortion or saturation because of the
boost. A 14,000 Hz tone will be boosted about 6-8 dB
higher than a tone of 333 Hz at 7% ips; 10-12 dB al
3%4 ips; and as much as 16-20 dB at cassette
speeds. Whal musical content exists at such a high
frequency generally has about 40 dB less energy
than musical content in the midrange, but live music
and high guality discs can contain much greatar high
frequency energy. When that greater high frequency
energy gets an exira 16-20 dB boost, it can easily
saturate the fape.

The change in the BdBroctave slope o a less
stegp cunve is delermined by an electronic resistor-
capacitor network built into a tape deck. The turnover
frequency is determined by the formula:

e 159,155
Znl Time Constant Value

where T is the time constant in microseconds, and
the Time Constant Value is an integral number such
as 70 or 120, The time constant itsell is determined
by the values of the resistance multiplied by the
capacitance in the R-C network, For example, a
10,000 ohrm resistor X a 0.007 microfarad capacitor
will provide a time constant of;

Frequency =

10,000 ohms = (7 »x 107 *farads) = 70 x 107¢
seconds = 70 us

The seconds in microseconds refers to time. Resis-
tance multiplied by capacitance results in units of
tirme:

- _ Mass x Lengli¥
Rt e Time » Charge?

- _ Time® x Charge®
oo g Mass x Length?

A G o= T e s
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The Cassette Housing

By Terence D. O'Kelly

Magnetic racording lapa has grown immensely pop-
ular because of the developmeant of plashc carridgeas
and casselles. Until tape was stored safely ina plashc
case' which could easily be inserted inlo a recorder or
playback unit, magnetic tape was only used by those
confident enough in their manual dexterity to handle
dalicale ribbons of coated plastic film and 1o thread
tham around a maze of guides, lifters, and capsians.
Cartridges and cassettes made it easy: the tape came
threaded around guides built into 1he plastic housing.
Although ease of handling was an cbvious benefit of
Ihe new lape formats, 3 disadvantage was that the
lape ahgrnment and guidance formesly enfrusted to
nardaned steal parts on open-reel machines was now
all to the somewhal suspec! plastic parts of the tape
RCUSINGS

The development of the unisette, elcaset, and
domesiic video casselies provides some evidence 1hat
engineers did not put full confidence in plastic hous
ings. In fhese formats the recording machine itself
provides the tape alignment and guidance after i
draws the tape from the shells and places it on the
iransport systam o the dack. The audio cassetle,
bwreer, hias constanily BRan improved by relinments
of the shell, New malerals, new desgns, and new
manuiacturning echnigues have all contritutad 1o
making ihe intemal guiding of the tape mora exacl
miore uniform, and more reliabie

The basic parts which constitute a pracision
cassetie are
2 shedl halves pfus their windows
2 lubricated foil sheets, olten called "slip sheels
2 hubs, each with an interlocking piece to atiach the

tape kader
2 rolker quides an lubricalad slainkess stesl axle ping
1 matal sheeld
1 pressure pad
lape and 2 leaders (or a keader’” and “isailar')

attached 10 the hubs
Thie hatves are joined eithar by four or fiva stainless
sleel screws or by sonic welding. Either methad can
give a good seal. Five screws provide a more rigid fif
than four screws, and sonic welding is even betler in
lerms of rigid construction, The five-screw construction
howeevar, 15 more popular because there is no risk of
neal distorticn due 1owealding and bacausea if allows
thie user to take apart ard reassamble he casselle
with relative ease.

Poor guality cassettes reveal thamsalvas by missing
parts or poddly formed pans, nat by the method of

Casseime in chminghive fgrm of case, which 65 a O rova i Fei O LHe Latin cues, o
SHIEE R EReTe mm o b e hoag s

sealing. Rofler guides are usually the first parts to be
eliminated in cheap cassalles, The roller guides are
replaced by Iittle plastic posts araund which the 1ape is
dragged bul nol guided. Somelimes the roller guide will
D& there, but the axle pin will be an ordinary steel pin
When this pin oxidizes and expands, the roller guide
revolves irreguiarly and finally locks, becoming a big
plastic post. The rusted pin and the sticking roder
cannoi guide the tape properly and will not geve the
srmaath, flutter-free movement of a well designad
guide. Cheap casseties often aliminate the slip shaats,
also. These sheets, made of a variety of plaste films
with teflon, sizone, or graphite lubrication, act as
bearing surfaces for the hubs and as gentle guides for
ihe tape packs. Without them a cassette housing can-
not prosvece unitosm lape travel and cannot reduce
tape edge damage.

Each part of the cassatie is designed for a particular
function. In order for it to perform properly, each part
miUst e cesgned and manulfaciured properly. Sloppy
parts assure slopoy performance. The luncion of the
ndividual parts and important paramelers ara dis-
cussed below (cf. Fig. 1)

Fig. 1. Casseite Paris




1. Metal shield.

The matal shield is a remnant of the early days of the
cassalie when players and recorders used high
impaedance heads and were likely to pick up noises
from stray electromagnetic fields, Modermn heads have
lower impedances and ara relatively immune to siray
fields, but the shield is maintained in order to be com-
patible with oid cassette machines. The material
should be non-magneiic with good permeability (o
draw fields away from the head,

Z. Pressure Pad.

The pressure pad puzhes the tape against the head in
oroer io achieve good tapathiead contact which is
essential for high frequency response at slow cassetie
speeds. Pressure pads can be mounted on foam sup-
ports or on metal springs, which are less likely o loss
their elasticity under different envircnmental condi-
tions. The pad muest be positiones accurately so that it
conlacts the wide vanety of head shapes in use today,
for example, discrete heads, combination beads, and
sandwiched record and playback heads. The fiar nap
of the pad must be vary light 5o thal loose ibers do nol
wiork thiir wiay batween tha head and the fape o
cause dropouts of 1he audio signal. The pressure
exerted by the pad must be within specified limits; oo
fitlle pressure prevents good contact and top much
delorms the taps

3. Hubs.

The hubs areusually a low-fnction, Delrin® dype plastic
Concentricity is essaential to provide smiooth tape
movement. Concantricily must also be mainlanad al
the point of the attachmant of the leader 1o the hub,
Much has been made of special C-clamp attachments
whose shape matchas thal ol the hub, but the C-clamp
is maraly a roundad version of a very old style of
clamg. A newer, sater method is 1o use a staking pin
designed to it ins«de the perimeter of the b, Both
clamps are just as eflective as long as neither clamp
intarieras with 1he roundness of the tape pack by
protruding from the bub or by leaving too large a gapin
its fitting. The theck leader ricbon which forms the first
wirap around the hub defines the effective concen:
fricity, net the siyle of the clamp. The hubs have a
certain amount of play in the shell because they adapt
o the feed and takeup shafis of the machines in which
ihey are placed. Bearing surfaces in confact with the
shell halves must be free of burrs and surface imper-
feciions to insure smooth and wobblefree movement,

4. Leader.

The leader s a polyestar lilm which is thickar than hat
used as backing for the lapea in orgar for the leader to
wilhsland the shock of sudden tension when 1he tape
runs to the hub attachment in fast wind modes, Some
leaders are designed as “non-abrasive head cleaners’
which work by using their roughened surface to scrape
debrizs off the head. This method is “non-abrasive’’
only in the sense that it is mercifully short. Head
cleaning leader also happans 1o work in the wrong
direction. Debris should be wiped oul of the head gap,
rol scraped into it. The proper way 1o clean a heacd is
use a claaning solvent designed for heads® and to
apply il to the head with a swab in a molion paraliel 1o
the tape gaps, not in the diraction of tape mavament,

5  Roller Guides.

The guides are vary critical for propear ahgnment,
especially in doubla-capsian drive systems. Their axle
ping must be wobble-ree and aligned 50 1o the plana
ol tape traved in order to avoid shitling the tapa acress

the higads (Fig. 2. The guide i1seif should be perfactly
concentnc, s shall should Rave a shght bulge o i
with 1he widas! part exactly in tha madhe of the lape
path. The molding lechnigue mus! be such that no
seam or burr exisls anywhere on the guide, The ends
ol the guide have flangas wilh very sharp delineation
for the bast taps contacl. The roller is usually [ow-
friction Delrin® ype plashc.
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Fig. 2: Influence of various types of rollers on
constancy of phases and level of output.

6. Shell Halves.

The shell halves ara the most visible parts of the
cassette, bul many of thelr mportant design poinis are
within the housing and nol obwvious, The plastic
mglcing should have good definition and few flow
marks lar reasons of cosmelics, the individual parts
should be aligned with exireme precision for reasons
af parformance. Critical points are: the faces and
edges of the cassette which are the support points
used by varous cassetie machines for holding the
cassette {Fig. 3); the hub support area; the hittings for

(DIN 45 516; IEC 94)
Fig. 3: Support surfaces of compact cassette

The physical relalionshio between the casselie amd the
recordeniolayer is cniical for good performance, The
darrkened suppor surfaces above are used by the
machine o align the housing and, therefore, the angle
of tapa'head contact. There are thres holding poinis
for the cassatie: eifier o paints on the fop support
surface and one reference hole, or one Upper support
point and both reference holes. (Only three points are
chosen for the same raasan that a thres-legged stoolis
frare statie on varying surfaces than a four-agged
Chair wound Ba. )

Freon TF or piemrers with b liouroos!bon base (v hiomotr ot re Bleaded wih
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the moller guide axles,; and the plastic ""brigdges™ and
pins in the open areawhere the head and capsian/
pinch roller peneirate (Figs. 4 & 5). These last pans are
extremely imporiant because the head pusheas the
lape against them after they hawve laft the rollar guide; if
they are not properly aligned verlically, they can tilt the
tape slightly in one direchon or the other and cause
arrors in azimuth alignment (Fig. &). Neither accurate
rolier guides nor dual-capstan control can make up for
this kind of azimuth error because neither can isolate
the tape (rom an off-center il

Fig. 4: The important elements influencing the
tape alignment in the cassette (the base of the
asymmaetric shell)
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Eﬁ 5. Relalionship between the deviation of iha-
pin from the veriical (angle of the error: ap

10 limes exaggerated) and the loss of lavel al 10
kHz in dB

Fig. & Angle of azimuth eror caused by
misaligned tape

A small degrae of azimuth error will redguce high fra-
QuEncy autout withoUt an apoanant reduciion of mikg-
range and low frequency oufput because of the diffar:
ences in the widlh of the magnetic prints; the highar
the frequency the shorter the wavelsmgth and the
Aarrower the magnelic print. If a very narrow magnahic
gt crosses the gap-al an angle (suchas o abova)
and i not perfectly parailef to the gap, the gap cannot
“read” the entire print at a single moment. One end of
he print will have crossed the gap before the other end
reaches it The parfial reading of the print will reduce
e outpu! wiich would have been generated had the
enhire prnl Dean read, An amor of 1 °, for example, will
reduce the output of 10 kHz by 308, A lower frequency
willt a witker print will nol suffer the same amount of
reduchon in autput because s pnnt is significantly
wider than the gap, ard the gap will miss & smaller
parcantage of The oant.

The casseite housing has three reciangular
coenings meant for the erase haead 1o the left, the
plavback head in the center, and the pinch: rolier to the
right. Two circular holes on the face aliow the
capsianis) to fit behind the tape; the two other, sguare-
like holes are “reference hales’ meant for pins an
machings o hold the cassette in position. Flastic tabs
an the 1op edge of the housing can be broken off in
order 10 preven| recordng over or accidentally erasing
recordad matarial. The el tab prevents erasure of the
side facing the viewar. Chromium dioxide and other
high bias tapes have square notches next 1o the tabs
&0 that recorders can distinguish betwean these fapes
and normal tapes if the recorders aulomatically selact
the proper bias and egualization. Housings for mealal
particle tapes have two additional sguare notches in
the center of the 1op edge to distinguish tham from
chroemium dioxide tapes,

Casselle housings and hardware transport systems
have improved considerably fromithe early days of
corstant jammmg and wrinkled tapes, Besearch
continues 1o develop further refinements to make per-
lormance avan better. A new, long window housing
introduced by BASF incorporates many of he latest
refinerments to eliminate one of the last and maos!
persistant flaws inherent in cassetle housings — tape
skewing. Tape skew iniroduces azimuth ermors as the
tape moves out of alignment with the ead gaps. The
audible result is both a loss of high frequencies and a
Ioss of sterao imagery if the error iz great enough.

The high frequencies are (051 because the very narron
and-short magnetic prints of high freguencies cannot
be resolved by a playback gap if they cross he gap at
an argle rather than straight on. The slerec image is
allected by a change of synchronzaton as one rack
rung across its gap slightly ahead of or behind the
sacond rack. & sgnal intended 10 0t Vinbetweaen’ wo
speakers should ba recorded on two racks and playved
back at the same level If its magnetic prirts do not
cross the gaps simuitaneously, the image will shift to
the speaker receiving the earfier signal.

The causas of lapa misalgnment not due o the
lape are due o impracisaly forrmed paints of tapa
contact inthe housing or the paints of housing/recordar
contact, If tha housing itsell s physically distored, it
will not lie-at the correct angle facing the heads. In




order to prevent misshapen cassetle housings, BASF
uses a highly condensed polystyrol plastic capable of
withstanding a temperature of 85°C. (185°F ) fora 24
hour period withoul warping. This endurance frial,
known as the Ford tesl, s seldom passed by
competitive housings. The long window, moldaed at the
same thicknass as the shall wall, provides addilicnal
reinforcement for the halves

All BASF cassettes incorporale a palented lape
guide called the SM or Security Mechanism guide. This
guide, of Delrin® plastic, has fanged edges which
work somewhat like packing arms in aligning the tape
from or enio the hubs rather than relyving solely on slip
sheals which contact the tape edges. All casselles
suffer some degree of tape edge damage after
repeated passes, especially al lash winding speads,
because of the edgelshell contact, The SM guide is
designed to contral and guide the fape even in cases
of serious damage so that the tape does not rde over
ihe tape pack and gel caught in the hub spindle area.
The: most rugged wse a casselle |5 likely to undargo is
that in car slereo systems. An endurance test con-
ducted by a noted car stereo manufacturer showed
fewer lailures in casseties using SM guides (BASF
caszeltes and othars) than in those without them.

Molding lechniques for the new kong window design
have been gven the utmost care in the areas of tape/
shall contact, The roller axles, the bridges, the plastic
guide ping, and the prassura pad stops are molded at
extremely precise angles to maintain correct tape
trael without causing the (ape to skew. The most sig-
nificant feature, however, is the shell half design, Man-

ufaciurers' attampts to make mirror-image hakves in
ordes o achieve perfect tape alignment have not taken
inlo account the fact that all internal parts involved in
{ape guidance, such as the roller guides and roller
axbes, would also have to be mirrored by an exact op-
postte. [T one roller guide faces dowrward, the other
walld have 10 face upward, In addition, each tape
contact point would have to be mirrored by its exact
opposite, exact inevery dimension, angle, and surlaca
characleristic. Tape travel on side 1 of a mirror-image
design cannot match that of side 2 if there is any differ-
ence al all between halves. The slighiest difference
betweaen hakes will cause the tape 1o track differenily
on both sides

BASF has doveloped a different design which totatly
avoids amy mirrorimaga mismatch: all the tapa
contact points are on side 1 as a base, and side 2 pro-
wides the cover, Thecover fits Tightly on the base with
an off-center joint & the area of tape travel so that the
fape touches no paris of the seam. Any mismatch be-
twesn halves, no matter how slight, will not affect the
lape fravel since that depands on one solid piece, not
w0, The angle of travel from side 1 s much more likely
1o match that of side 2 if the elements of error have
been cut in haif.

The improvernent mn tape guidance is significant.
Casselle tape has saen major improvernants in
increasing high frequency outpul; bul unless that out-
put i malntained in a stable mannas the increase will
bea of litthe practical value. The lang window design of
the new BASF houging is an smpartant step in tape
guidance and in freging the cassefte fram what was
ance called an inherent limitation
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Pins and Stays in the Cassette

Ja

Remember that, if there is a high
requency 0ss, the pins in the
cassalte which guide the lape could
be the causa. The main point is that
they must be made so precisely that
they cause no tape deflexion and
stand in parfact verticality, But what
does “perfact” mean, considering the
“order of magnitude” 1o which this
applies?

In order to discover and, at the same
time, to measure the influence of dil-
ferent recorder transport systems,
BASF technicians built an extramely
accurate cassetie for measurement
purposes (Fig. 24). Itis completely
functional {obviously only an ane
side) because the pins and slays are
arranged as in any cassette but are
constructed of adjustable stesl pins
In order to be able to measure any
desired sianting in the area of
thousandths of a millimeter, a special
"slant measurement tool” was built
[Fig. 25). With this ool the pins and
stays of the mass produced cassalles
are also being measurad.

Fig. 24

The pins and stays of the BASFE mechanical refarence cassatte are pracisaly adiustable in thows-
erdthe of & mifimmatss. Qmly with such @ precison ool (specialy menufaclured) can the alowable

fotarances of the ping and stays ba defermiined for mess produced casseties.

Fig. 25

Wiy this slant maa-
Surgriend ooy —
HASF'E own LmiqLe
CONSITUCINan, a5 ik e
mechanical rafar-
B catseis —
FocUracy of e pins
dmd staps is mea-
Sured.

Extansive, ime-consuming research
with the mechanical reference
cassette has shown what degree of
slanting is still tolerabla, that is, has
no avdible influence an the playback
of music,

Thesa measuremants determinad the
degrea of precision required of the
injection molding equipment. Here,
oo, it is a matter of a few thousandths
of a millimeter, That sounds good,
bt it requires a great deal of work in
tha bullding of the injaction molds and
cantinuous, rigorous controd in
manufaciuring the housing. This is
the only way the precision of tha ma-
dern BASF compact cassellas is
achleved and maintained, Here,
naturally, BASF's long experience in
injection malding technology and
plastics is an advantage.
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