
A New Segmented-Scan Helical Broadcast 
Video Recorder 

The following three papers describe a new broadcast video recorder using a new segmented helical-scan format. 
Reasons are presented for the choice of format; economic factors are mentioned along with certain special features. 
The recorder’s servo system and timing-reference system are described. 

The Recorder’s Design and Economic Factors 
By B. E. GUISINGER 

A new broadcast recorder (Fig. 1)  is described with the technical reasoning lead- 
ing to the choice of a 180”-wrap, two-head, segmented video format and the practi- 
cal and economic benefits derived therefrom. The choice of segmentation 
schedule clearly demonstrates a subjective integration of saturation and hue vari- 
ation between heads. Carrier frequency selection as well as writing speed are 
discussed in terms of performance objectives. Special problems arising from the 
use of ferrite heads are presented along with the solutions. Special features and 
descriptions of some of the circuits employed are included. 

INCREASED sophistication and the higher 
performance requirements of the tele- 
vision industry have pointed out the 
necd for a new generation vidcotape 
recorder. Such a design was undertaken 
with the following goals in mind: 

(1) improved picture performance on 
all television standards; 

(2) incrcascd editing flexibility and 
simplicity; 

(3) improved tape economy; 
(4) increased head life; and 
(5) high reliability and rcduccd main- 

In addition, the design must be con- 
sistent with all factors involving inter- 
changeability. 

Currently, the most diflicult television 
standard to faithfully reproduce on a 
VTR is the 625/50 PAL system (the 
higher subcarrier frequency and wider 
baseband width being considerably more 
demanding than NTSC). This being the 
case, PAL was chosen as the system upon 
which to base the initial design. 

Choice of Scanning Method 

At present, ferrite is the longest wearing 
material suitable for fabrication of video 
heads. Unfortunately, it has not proved 
reliable on transverse scanning equip- 
ment due to its brittle nature and the 
high impact force encountered with that 
scanning method. However, ferrites have 
been used successfully for many years on 
helical-scan recorders due to thcir in- 
herent shallow entrance and exit angle 

Prcscnted on 18 October 1973 at the Society’s 
Technical Conference in New York by Barrett 
E. Guisingcr, International Video Corp., 990 
Almanor Ave., Sunnyvale, CA 94086. (Portions 
of this material dealing with operational and 
economic aspects of the IVC-9000 were presented 
at t’re Conference by Joseph Roizen, Conqultnnt.) 
(This paper was first received on 18 October 
1973 and in final form on 24 January 1974.) 

tenance costs. 

and nonrestriction of the tape by any 
“female guide” type of device. Therefore, 
transverse scan was eliminated as a 
practical scanning method as not con- 
sistent with the requirement of increased 
head life. 

Ilelical-scan formats can be broken 
down into three main categories: 

(1) 360’ wrap, one-head, one field/pass, 

(2) 180” wrap, two-head, one Aeld/pass, 

(3) 180” wrap, two-head, segmented field, 

‘The decision of which of these scanning 
formats to use is not a simple one. The 
one field/pass systems offer the distinct 
advantage that no visible hue or satura- 
tion errors can occur during a single field. 
However, whcn weighed against the 
track length required for a suitable head- 
to-tape spced to attain the video per- 
formance goals, the interchange factors 
dismiss the practicality of a one field/pass 
system. As will be discussed later, with 
the chosen writing spced, a one ficld/pass 

alpha or omega wrap; 

omega wrap; and 

omega wrap. 

Fig. 1. The IVC-9000 broadcast recorder. 

94 February 1974 Journal of the SMPTE Volume 83 



6 mil video 

19.5” 

--L 20 - 20 

mil audio 2 
mil audio cue 
mil audio 1 

mil control track 
mil addrex coda 

Fig. 2. Odd and even segmentation of scanning format. system. 

system would require a 30-in (76.2-cm) 
track length. The choice is then a two- 
hcad, 180’ wrap, segmented helical 
format. 

Choice of Scanning Format 

It should be noted that all of the 
mechanical and clectrical parameters 
involvcd in the design of a V T R  are 
interacting and the final choice is arrived 
a t  after a number of itcrations. lhercfore, 
it is dificult to write a step-by-stcp 
procedure. However, the choice must be 
made as to how many segments/feld 
and to whether the number is odd or even 
(i.c., does Head 1 play the samc portion 
each field, or do Heads 1 and 2 alternate 
on adjacent fields). Since “banding” is 
inherently possible in a segmentcd-image 
format, consiclerable cKort was put into 
investigating ways to minimize this effect. 
If odcl segmentation is employed, in 
NTSC, a hue error between heads is 
visually integrated at a 30-I-Is! rate such 
that the eye sees thc average between the 
two colors. I n  fact, hue errors between 
heads of up to 20’ can be tolerated 
beforc visual defects arc perceived (sec 
Fig. 2). However, becausc of the nature 
of PAL, odd segmentation produces a 
12.5-Hz saturation flicker, which is vcry 
annoying, a t  the head switch points. 
‘The final decision was odd segnicntation 
for NTSC and even segmentation for 
PAL. 

Selection of Carrier Frequencies 

Prcviouslv mentioned was thc decision 
to design the recorder for the more 
stringent requirements of PAL. PAL 
has a subcarrier frequency of 4.43 MHz 
and a base bandwidth of 6 MHz. 
Principal causes of signal degradation 
are the moire components caused by the 
F M  modulation techniques that are 
current practice. Tlicse are: 

Where: 
f. = spurious frcquency 
fc = instantaneous carrier frequcncy 
faC = color subcarrier frequcncy 

(1 ) Folded 3rd order sidcband (inherent) 

fa = 2fc - 3f8C 
(2) Folded 4th order sideband (inherent) 

(3) Third lower sideband of 3rd harmonic 
( inhcrcnt) 

fa = 2fc - 3f.c 
(4) Video feedthrough (man-made) 

fs = fc = fac 

(5) First L.S.B. or 2nd harmonic distortion 
(man-made) 

fa = fc - fa. 
Since the higher the carrier frcquency 

the more of thcse spurious componcnts 
disappear, the blanking-level carrier is 
chosen for the worst-casc calculation. 
Gaining an improvement in PAL moirt 
performance ovcr current systcms re- 
quires raising the carrier frequencies to a 
point that the third order folded sideband 
does not dcmodulate within thc base 
bandwidth. Choosing 9.9 M H z  as a 
blanking frequency, thcn (1) above be- 
comesf. = 19.8 - 13.29 = 6.51 MHz 
which is down on the skirts of thc de- 
modulator lowpass filtcr and thus outside 
the baseband width. IIowevcr, extreme 
care must be taken in the design of the 
entire RF system as thc man-made com- 
ponents of (4) and (5) abovc will de- 
modulate as fa = 9.9 - 4.43 = 5.47 
MHz. The existing dcsign will produce a 
75% saturated color bar pattern with the 
moirt clown in excess of 40 dB. 

Through expcrimcntation, i t  was cle- 
tcrmined that a significant improvemcnt 
in signal-to-noise ratio could not be ob- 
tained by lowering the carrier frequency 
for NTSC (although this was perfectly 
feasible due to the lower subcarrier and 
base bandwidth). This was mainly due to 
the cxtrcmcly high output obtained by 
use of ferrite heads. However, by leaving 
the carriers the same for both standards 
in addition to thc advantage obtained 
by requiring fewer changes between PAL 
and NTSC recorders, a second advantage 
is gained. The previously mentioned 
man-macle spurious componcnts of (4) 
and (5) also demodulate outside the basc 
bandwidth. This is, f. = 9.9 - 3.58 = 
6.32 MI+, as compared to thc NTSC 
baseband of 4.5 MHz. In  a practical 
sense, this allows further misadjustment 
of the recorder before visual clcfccts are 
seen. A still fiirther, though small, advan- 
tage is to be gained in that the NTSC 
operation is now fifth-shelf moirt instead 
of the present equipmcnt’s fourth shelf. 
That  is, in (2) above,f, = 19.8 - 14.32 
= 5.48 MHz. 

The  carrier deviation and pre-emphasis 
was initially selectcd in accordance with 

the current “high band” practice, the 
only deviation being the raising of the 
absolute frequencics. Howevcr, experi- 
mentation showed that on PAL -and  
NTSC, an increase of pre-cmphasis from 
8 dB to 10 dB would still producc pictures 
with the specified moiri: level with a n  
attendant signal-to-noise ratio improve- 
mcnt of about 2 dB. The final carrier 
frequencics are: 

NTSC: Sync tip . . . . . 8.92MHz 
Blanking . . . . . 7 . 9  MHz 
Peak white . . . , 12.35MHz 

PAL: Sync tip . . . . . . 8.87 MHz 
Blanking . . . . . . 7 .9  MI-Iz 
Peak white . . . . , 12.3 MHz 

Pre-emphasis-10 dB all systems 

Selection of Writing Speed 

The determination of writing speed is 
essentially a question of recorded wavc- 
length whcre: 

Wavelength (pin) = Writing spccd (in/s 
or m/s)  Frequency (MHz) 

I t  has been determincd experimentally 
that a magnetic tapc system begins to 
surer  rapidly as the recorded wavclength 
of peak-white carrier approaches 100 
pin. Therefore, allowing a safety margin, 
the writing speed was selectcd as 1500 
in/s (3810 cm). This produces a pcak- 
whitc wavelength of 125 pin (12 MHz). 
The  aforcmcntioned carriers and writing 
speeds have produced signal-to-noisc 
ratios, on laboratory machines, of 47-48 
dB PAL and 49-50 dB in NTSC. These 
tests were conductcd using standard 
gamma ferric oxide tape which is longi- 
tudinally oriented. 

Final Format Determination 

‘Through extensive discussions with 
television broadcasters throughout the 
world, it was determined that thc opti- 
mum configuration consisted of two high- 
quality audiotracks, a separate medium- 
quality cue track and a scparatc address 
code track in addition to the control 
track. ‘These tracks are arranged as shown 
in Fig. 3. Note that the cue track sepa- 
rates thc two main audiotracks to achieve 
maximum separation and that the two 
saturating tracks are on the opposite side 
of the video pattcrn eliminating crosstalk. 
Audiotracks are separatcly editable. 

Computer studies were done analyzing 
the tolerance buildup of the various 

10“ EVEN 10” ODD Fig. 3. Format of the physical parameters of the IVC-9000 
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guides as well as environmental changes 
and their effect on interchange. These 
show an ability to maintain interchange 
with the 6-mil videotracks and 3-mil 
guard bands. Maximum mistracking 
errors amount to 1 mil under worst-case 
conditions. 

An additional benefit arises from the 
segmentation choice of odd/NTSC and 
even/PAL in that 60 fields X 5 segments/ 
field = 300, and 50 fields X 6 segments/ 
field = 300, so that the basic transport 
and servos remain the same for both 
standards and the writing speed is 
constant. The scanner spins at 9000 r/min 
on either standard. 

General Design Philosophy 

An overall design philosophy was 
established carly in the program. This 
comprised the basic idea, that the man 
servicing the machine was of prime 
importance. That is, there is one type of 
line driver, sync stripper, servo loop and 
restoration system, etc. Through the 
enforcement of this philosophy, the 
service engineer should experience a 
reduced number of subsystems to lcarn 
before becoming adequately familiar with 
the equipment. 

The same consideration was applied 
to the equipment operator. Where pos- 
sible, all setup controls were eliminated or 
supplemented with automatic systems. 

This discourse, while deviating from 
purely technical, is intended to empha- 
size the fact that the engineer’s duty is 
not one of a purely technical nature, but 
one of an optimum man/machine inter- 
face. 

RF System 

Implementation of the R F  system is 
probably thc single most critical area in 
the electrical design of a VTR. The 
requirement for flat, equalized amplitude 
response and linear phase response from 
approximately 4 MHz to 18 MHz is 
extremely difficult to obtain. If classical, 
constant-currcnt record amps and voltage 
mode preamps are used, then any stray 
capacity associated with the heads gives 
rise to resonance effects and associated 
nonlincar phase response. At least some 
cquipments used antiresonance circuits 
to cope with this effect. However, if this 
method is uscd, constant adjustment is 
required as the head wears and its in- 
ductance changes. A preferred method is 
to use a low output impedance rccord 
driver with electronic shaping ahead in 
order to effect the desired 6-dB/octavc 
rise in rcsponse required to attain 
constant current. On tlic rcproduce side, 
a current mode (low input Z) prcamp is 
used followed by electronic shaping to 
replace the 6-dB/octave loss, as opposed 
to using a voltage mode preamp. This 
technique has the advantage of “swamp- 
ing” head resonance cffects in both record 
and reproduce and reducing the number 
of setup controls. 

Ferrite heads, as well as possessing 
long-wcar characteristics, have extremely 
flat, unequalized, playback response 
when compared to metal heads (Fig. 4). 
Existing systems utilize “cosine equal- 
izers” to equalize the playback response 
to attain a flat amplitude response prior 
to limiting and demodulation. These 
equalizers have the unique feature of 
allowing amplitude response to be varied 
without an attendant change in phase 
response. Sincc the playback of the R F  
signal from a VTR suffers only amplitude 
degradation without an attendant deg- 
radation of phase response, this circuit 
has very desirable characteristics. Thc 
configuration of a convcntional “cosine 
equalizer” is shown in Fig. 5. Notice that, 
while the general shape is the inverse of 
the head responsc in Fig. 4 ,  the conven- 
tional cosine equalizer is curving in the 
4- to 6-MHz region while the head 
response is not. If this system were used 
as is, the demodulated R F  would exhibit 
a differential gain problem. This is due 
to the fact that while attaining suficient 

boost to equalize the high frequencies, the 
low frequencies would become un- 
equalized due to the low-end curvature 
of the equalizer. Fortunately, a solution 
to this problem exists.* This is in the 
form of a “double tapped” configuration 
shown in Fig. 6. Where A is the point of 
the arrival of the 0 and 4T echo pair, 
B is the T and 3T echo pair and C is 
the 2T signal, T being the section delay. 
Figure 7 depicts the amplitude of the 
echo pairs and the 2T signal a t  each 
point. Notice that, if only the T and 3T 
echo pair are subtracted from the 2T 
signal, the response is that shown in Fig. 5 
or a conventional cosine equalizer. How- 
ever, if some of the 0 and 4T echo pair 
is added to the resulting response, it has 
the tendency to flatten the low end 
response while increasing the high end 
boost (Fig. 8). This characteristic is in 
the desired direction. The actual pro- 
portion of the 0 and 4T echo pair added 

* A. N. Thiele, “Horizontal aperture equaliza- 
tion,” Radio and Electronic Eng., 40: p. 193, Oct. 
1970. 
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Fig. 4. Unequalized RF playback response. 
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Fig. 5. Configuration of standard cosine equalizer response. 
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is determined empirically on the recordcr 
to attain best differential gain charac- 
teristics over the range of head gap 
lengths and depths used. 

The foregoing dcscription is the method 
used to attain the cqualization of thc 
two heads used in the rccorder. The pro- 
cedurc is to match the two heads to cach 
other while obtaining best diffcrential 
gain characteristics. Unfortunately, this 
does not always result in best overall 
frequency rcsponse. Thercfore, the two- 
head, or “channel” equalizers are fol- 
lowed by a common, or “mastcr,” equal- 
izer which is used to set overall response. 
Idcally, this cqualizer should not afrect 

the differential gain response. This is 
accomplished by using a conventional 
cosine equalizer with a very short time 
delay, i.e., T/2. This has thc effect of 
moving the whole curve of Fig. 5 out in 
frequency and reducing the sloping char- 
acteristic in thc low-frequency rcgion. 
This equalizer is uscd for the final adjust- 
ment of baseband frequency response. 

Special Features 

Several special features of the recorder 
arc worth noting. In addition to an 
“absolute auto chroma” systcm, the 
recorder contains a “chroma match” 
system which automatically matchcs 

IN- 

OUT 

ECHO PAIRS 

A - O t 4 T  
E - T t 3 T  
c = 21 - - - - 

Fig. 6. Double tapped configuration of echo pairs. 

I IMHd 6 12 18 

Fig. 7. Double tapped amplitude of echo pairs. 
24 

I I M H d  6 12 18 

Fig. 8. Double tapped response of echo pairs. 
24 

the color burst from Head 2 to that of 
Head 1. This insures that color saturation 
differences between heads will be elimi- 
nated regardless of the absolute level of 
the burst rccorded. Thus, if it is known 
that the burst has been recorded at thc 
wrong level, the “absolute auto chroma” 
may bc switched off and an automatic 
system is still operating without fear of 
under- or ovcr-saturating the picture 
portion of the chroma. 

The unique input sync processing 
system of the rccorder allows a switch- 
ovcr to an internal crystal, for playback, 
in the absence of external synchronizing 
signals. In this mode, the monochrome 
timc-base corrector is still operative. 
By locking a two-loop crystal oscillator 
to the burst from signal emerging from 
the mono corrcctor, it is possible to derive 
an artificial subcarricr a t  the average 
burst phase. This subcarrier is uscd in 
thc color corrector to further reduce the 
timing errors to a level acceptable for 
full-color playback on an internally 
synchronized monitor. This feature can 
bc especially useful for “quick lock” 
verification on remote location. 

Video Line Driver 

Figure 9 depicts the basic video line 
driver uscd throughout the recorder. 
Note that an output is provided for 
assessment of the dc level and an input 
provided for restoration control. Transis- 
tors Q1 and 4 2  comprise what has been 
rcferred to as a “super alpha” pair or a 
100% feedback pair. This configuration 
can bc vicwed as a single transistor 
where the cmittcr of 4 2  is the equivalent 
collector and thc base and emitter of Q1 
is the equivalent base and emittcr. This 
connection has the advantage of rcducing 
tlic familiar = 27/1, (ma) to approxi- 
mately one tenth that valuc in the con- 
figuration shown. This means that in the 
differential amplifier shown, the gain 
modulation due to re variation with APL 
change is significantly reduced. Thus, 
differential gain through this stage is 
virtually immeasurable. The R/C com- 
binations of C2/RG and C4/R13 are 
internal compensation of the super alpha 
to prevent oscillation. Resistor R8 and 
inductor L1 arc overall feedback com- 
pensation of the entire amplificr stage 
including the emitter follower output. 
The main advantage of inductive com- 
pensation as opposed to the conventional 
R/C compensation is that it is not 
necessary to know whcrc clcctrical 
ground is located. 

Thc complementary emitter follower 
output, consisting of 45, Q 6 , Q 7  and QS, 
is unique in that the standing current 
automatically increases as the number of 
outputs is increased. Tlicrcforc, the same 
configuration can be used throughout 
the machine regardless of whether 1 to 4 
outputs are required without wasting thc 
same standing current in each one. This 
allows another clegrce of uniformity 
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Fig. 9. Basic video line driver used throughout the recorder. 

i 1 2  

(POSITIVE) 
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Fig. 10. Schematic of the restoration control and sync stripper. 

betwcen circuits. The amplifier, as which occurs a t  mid-sync tip and tran- Video from the above lowpass filter 
shown, is flat within 0.025 dB to 9 MHz. sistor Q11 produces a sample pulse is also applicd to sync sample switch 420 

occurring a t  thc middlc of back porch. and the clc voltage is storcd on capacitor 
These pulses are squared and levcl C29. After buffcring by A3, the dc Restoration Loop and Sync Stripper 

Figure 10 is a schematic of the restora- shifted by transistors Q13/14 and component of this voltage is dividcd by 
tion control and sync stripper which is Q15/16. The video back porch is sampled two and applied to the positive input of 
used in conjunction with the line driver by FET 418 and comparcd to the bias comparator A4. The video from the 
of Fig. 9. Transistors AlB and A1C bufI'er rcferencc. Since both the vidco back second lowpass filter (C13, C14, C15 and 
the two lowpass filters from the video porch and bias reference arc shifted Cl6 and L3 and L4), which is optimized 
line driver output. Transistor A1A is negative by a Vb., this level corresponds for signal-to-noise in sync, is applied to 
used as a bias reference in the system, to ground potential at thc line driver the negative input of the comparator. 
to duplicate the offset introduced by output. Any deviation of thc back porch This arrangemcnt insures that sync is 
A1B and A1C. The video from the from ground is amplified by the amplifier always stripped a t  the 50% point regard- 
lowpass filter (Cll, C12 and L2) is A2 and applied back to the basc of line less of the sync amplitude or hum content 
applied to the sample pulse gencrator drivcr transistor 44, thus restoring the and guarantees that the sync edge re- 
consisting of Q9, Ql0, Qll and 412. output of the line driver to produce back ceived by the rnonochromc error detector 
Transistor 49 produces a sample pulse porch at ground. maintains maximum fidelity. 
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Format Advantages 

The format described above provides 
a number of inherent advantages over 
the quad approach. Some of thcse are: 

(1) Therc arc only two heads, instead 
of four, which rcduces the likclihood of 
banding dinirential by that factor. 

(2) The ratio of lines per scgment be- 
tween the quad and thc scgmented helical 
is approximatcly 3 to 1, diminishing thc 
numbcr of first-line errors or other 
switching cffects that can occur by the 
same ratio. 

(3) Hot pressed fcrrite heads have 
much smoother overall rcsponse charac- 
teristics which minimiie banding cffects 
that arc clue to head rcsonance and fre- 
qucncy responsc characteristics. 

(4) A head entering a half helical 180’ 
wrap tapc path does so a t  a small angle, 
thcrcby eliminating the shock effect 
typical of transversc tape scanning by 
quad heads. This reduces signal per- 
turbations at  thc start of each scan. 

(5) ‘Thc scgmented hclical system using 
two heads also cmploys altcrnate segment 
scanning (NlSC)  so that residual small 
crrors are intcgrated in thc output signal. 
‘This particular aspect has alrcady been 
described in dctail. 

‘Thcsc conditions pcrmit the scgmcntcd 
helical recordcr to replay color tapes 
without the nccd for individual tape 
adjustment. The machine should only 
rcquire checking out a t  thc start of a 
shift with a test tape, thcn should bc able 
to be left alonc for the rest of the daily 
opcration. ‘This coulcl be particularly 
important where the VTR is controlled 
by a station automation systcm and the 
only opcrator function would be to thread 
up the correct tape at  the prcscribed time. 

Control Track Head Placement 

The control track head has been placed 
in the scanning assembly in such a way 
that it maintains an absolute position 
with rcgard to the record hcads. As a 
result, control track phase is prcciscly 
maintained with relation to the video 
signal that it is dcrivecl from in the 
record mode. In  playback there can bc 
no shift in thc control track and video 
signal relationship and therefore no oper- 
ational tracking adjustment is requircd. 
(Thc present rccorder does havc a track- 
ing knob, although such an acljustmcnt is 
providccl as a maintenancc or special 
purposc control in case a situation arises 
where a nonstandarcl control track is 
encountcrecl, such as in contact-dupli- 
cated tapcs.) 

Economic Factors 

The ma,jor consumablc in any VTR 
operation is thc tape inctlium itself. 

Virtually all quad machines operating in 
full color pull tape at  15 in/s (38.10 cm). 
At this rate the cost per hour of thc tape 
is about $200. Prices vary due to many 
factors, such as quantity purchased, 
quality of tape, normal or high energy, 
sourcc of supply, etc. The segmented 
helical recorder dcscri bed here consumes 
tape at  8 in/s (20.32 cm), and the tape 
the machine is designed for is a normal 
energy, longitudinally oriented tapc that 
is made in very large quantities by tape 
supplicrs. This results in a vcry uniform 
tape, inherently optimized for the 
soundtracks and being used up a t  a rate 
almost 50% less than the quad. 

Thc machine achieves full specs in 
audio and video with normal cncrgy tape. 
This means less drive power for recording 
or erasure, lower abrasivity on the heads, 
and non-prcmium material cost. The 
combined benefit of lower tape con- 
sumption and a greater number of tape 
cycles due to gcntlcr handling by the 
transport and scanning system leads to 
tape cconomies of better than 60% over 
the equivalent quadruplex operation. 

The next major consumable on a quad 
VTR is the four-head motor asscmbly. 
This hcad assembly consists of a rigid 
metal baseplate, an air bcaring high- 
spced motor, a precision fcmale guide 
assembly with its actuating mechanism, 
a head drum with four transducers 
which must very closely match rotating 
transformers, a control track head and a 
tachometer mcchanism. Thc entire as- 
sembly must be periodically removed, 
returned to thc factory for rework, and 
thcn reinstalled. Most T V  studios carry 
a considcrable inventory of head asscm-‘ 
blies in order to circumvent long rework 
cyclcs, shipment delays and premalurc 
failures of this complcx assembly. 

A survey conducted recently both in 
North Amcrica and Europe showed that 
the average life of such hcads in thc USA 
is 493 or 413 hours, depending upon somc 
anomalics in the sampling that related 
to certain studio opcrations. In  Europe, 
where wider bandwidths, a higher color 
subcarrier and more critical technical 
opcrations exist, the avcragc was closer 
to 350 hours. 

The segrncnted helical recorder has a 
completely diffcrcnt approach to head 
assembly replacement. The motor ta- 
chometer, guides and lower scanning 
section containing the control track hcad 
remain with thc machine. Only the 
rotating upper drum section is rcmoved 
(by a single scrcw) and is replaced with 
a new one containing thc two video heads 
and the flying crase head. 

The longevity of this video hcad 
assembly is in the order of six times that 
of the best averagc of quad hcads or 
approximately 3,000 hours; as a matter 

of fact, the warranty is at a 10: 1 ratio of 
1500 hours versus 150 for the quad head 
assembly. Even during the active Iifc of 
the helical head assembly, thcre arc 
further advantages of an Operational 
nature, since the wcar rate of the trans- 
ducers is so much lower that the ncccl 
for periodic optimization is grcatly re- 
duccd. Of course, thc paperwork, ship- 
ping charges, and incoming inspection 
connected with thcse heads are also 
appropriately diminishcd. 

The last major economic factor with 
rcgard to a change of format from quad 
to scgmented hclical is in relation to the 
tape libraries that now fill large vaults at  
major studios and take up a lot of space 
evcn in smallcr T V  facilities. Large or 
small, a tapc library represents a sizable 
investmcnt in quad tape. This tape rc- 
mains as overhcad because it cannot be 
cycled into use, since the program mate- 
rial is of archival valuc. The same studio 
purchases an annual stock of quad tapes 
to fccd the machines they are using. At 
the point in time where thc IVC-3000 
format is adopted and a few machines are 
installed, the studio can save a substantial 
amount by thc following proceclurc. 

All library tapcs are transfccrred from 
the quad format to thc scgmentctl helical 
format during quiet pcriocls whcn the 
machincs are not normally in use. This 
renders the following benefits: 

(1) Program matcrial occupying a tape 
worth approximately $195 per hour is 
transferred to tapc stock worth about 
$90 pcr hour. This is a substantial rcduc- 
tion in archival storagc costs, even with 
the transfer costs taken into account. 

( 2 )  Storage spacc is reduced apprc- 
ciably because the new recordings are on 
tapc that occupics a smaller rcel and 
container than that of quad tape. 

(3) The ncw IVC-3000 storage format 
will permit thc addition of an extra 
soundtrack, cue instructions or an 
address codc for future cditing. If thc 
studio is contemplating automation or 
automatcd editing, they can plan to 
incorporate tticse extra tracks during the 
transfcr from quad to the IVC-3000. 

(4) Quad tapes releasccl from archival 
use can be cyclcd through normal studio 
operation on qi~adruplex recordcrs, re- 
ducing thc amount of ncw tape that must 
be purchasecl by the studio. 

Summary 

Obviously, all of the decision points 
and judgments involvcd in the design of 
a segmcntccl-scan, hclical broadcast 
recorder cannot be presented hcre. How- 
ever, some of thc major decisions, and the 
reasoning bchind them, havc bccn shown. 
Tkic recorder is prcscntly operational and 
all of the design goals have been met. 
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