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EXHIiBIT I MINIFON WIRE RECORDER. Display view, showing cemplete un
assexbled (Photograph No. SCEL-35282).

EXHIBIT IT MINIFON WIRE RECORDER. Group view, record assembly showi
microphone plug inserted for recording and power unit
inserted for AC operation of motor. {Photograph Neoc.

SCEL, 39281).

EXHIBIT TZII MINIFON WIRE RECORDER., G: .up view, playback assembly zhe
Head-Set Plug inmscited :or playback operation, also zipp
carrying case. {Photograph Mo. SCEL 39282).

EXHIBIT IV MINIFON WIRE RECORDER. Overall view, recoiding operation
showing unit in carrying case, cover removed, with micro

insertcd ready for recordingy. (Photograph No. SCEL 39Z&8&

EXHIBIT V MINIFON WIRE RECORDER. Close-up top view, wire feed
mechanism showing construction details. (Photograph No.
SCEL 39289).

EXHIRIT VI MINIFON WIRE RECORDER. Close~up bottom view, wire feed
mechanism showing construction details. (Photograph Nec.
SCF1, 3%235).,
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EXHIBIT VII MINIFON WIRE RECORDER. Overail view, showing plastic
casze, covar removed, with amplifier and batteries in

place. (Phctisg:iaph No. SCEL 39286).
EXHIBIT VIII MINIFON WIRE RECORDER. Close-up bottom view, amplifier

strip, ehkowing wiring and component crrangement.

{Photograph No. SCEL 39285).

EXHIBIT IX MINIFON WIRE RECORDER. Close-up top view, amplifier strip,
showing tubes, volume control., output transformer and
record-playback transfer switch. (Photograph No.

SCiti. 33284).

MINIFON WIRE RECORDER. Overall view, showing plastic case
with aeplifier and wire transport mechanism removed and
showing shielding and batteries in place. (Photogqraph No.
SCEL 39287).

»e

EXHIBIT

EXHIBIT XI MINIFON WIRE RuCORDER. Group view, AC power supply for
motor drive, showing step-down transformer, selenium
rectifier and cover. (Photograph No. SCEL 39291).

EXHIBIT ¥XII 'CIBCUIT DIAGRAM OF MINIFON WIRE RECORDER

EXHIBIT XIII GAIN VS FREQUENCY. Response curves of the Minifon Wirs |
Recorder. ‘
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PRELIMINARY EVALUATION OF A MINIATURE
PORTARLE WILE RECORDER
FOR COUNTERMEASURLCS APPLICATIONS

1. FOREWORD:

Post World War Il developments in the field of magnetic tape, wire and
paper recordings have resulted in the production of improved, compact, and
versatile equipments of this nature. The requirements imposed upon these
recorders are manifold. the important being hLigh frequency response,
compactness and simplicity of construction, simplicity of operatien, and
maximum economy of recording medium employed. The outstanding feature of
recording information on o permaucat basis is that it enables the recorders
tc store electrical data for future analysis and playback.

Because oi its small size, weight and portability, one miniature wire
recorder, the Minifon, was selected by this Laberatory for analysis and
evaluation towards possible usage in countermeasures military electronic
applications., The Minifon wire recorder employs sub-miniaturs components and
is presently being manufactured in Germany. The folleowing report deals with
a discussion and description of the characteristics of the Minifon.

2. PURPOSL:
The purpose of this report is twofold:

a. Tt is a pr:iiminary descripticn and evaluation of the mechanical and
electrical characteristics of the Minifon recorder.

b. It is a preliminary evaluation of the applicability of the Minifon in
recording signuls from electronric countermeasures revonnaissance equipments.

3. SUMMARY:

The Minifon wire recorder does not represent u particular advancement in
the field of wire recording as such, particularly where high frequency
response is required, due to the smcll si7e of the unit. However., because of
its size, weight, portability and versatility, the Minifon offers mary

possibilitiee cf applications where such physical characteristics are required.

Therefore, it was decided tc study ths recordex i1n detail to evaluate its
possible usage for the permanent recording of electrical data obtained frox
small lightweiqut, countermeasure radio receiving equipments. {(Such data as
antinna scan rates and pulse recurrence frequency of radar systems could be
recorded.)

4, DISCUSSION:
a. Description of the Minifon Wire Recorder

The Minifon is a small, portcble, completely self-contained, battery

-1-

CONFIDENTIAL




CONFIDENTIAL

operated wire recorder. The unit weighs approximately two pounds seven ounces
and measures 1-3/8 inches thick, 4-3/8 inches wide and 6-5/f inches long.
Additional equipment, used with the recorder, comprises a small lightweight
microphone, a stethoscope type seot of earphones, wirs spool and a transformer
power nupply for operating the motor from 117 voits A.C.

The Minifon provides a continuous playing time frow 1/2 hour to :2-1/2
hours depending on the wire content of the supply cpool.

The rscording unit is enclosed in a light plaastic cass with all
operating controls easily accessible to the user. These controls consist of
a plug in receptacle, located on the top edge of the case, which will acconr--
date either the microphone or earphones; a small volume control located at the
top left corner and a forward rewind control (transfer switch) located at the
left center edge of the casce. The crzse and running indicator fdcilities are
locatsd on the upper left and right secti..s of the cover. The main‘on-off"
switch is located on the top right edge of the case. A receptacle is pro-
vided on the bottom right edge for plugging in an external power supply for
117 volts A.C. operation {motor only).

The cover is easily removed Ly turning a small locking device which is
located on the lower part of the cover. A simulated leather, zippered
carrying case is provided for use with the recorder. All cperating controls
are accessibie (o the cperator when the unit is installed in the carrying case
and the equipment is normally operated in this manner. {Note EVHIBITS I, II,
111, 1IV).

The following is o detailed description of the major components of the
Minifon:

{1) Wire Transport System: 'The wire feed, recerding and “take up”’’
mechanism is small, well designed and consists primarily of the
following sub-compcnents:

{a) Wire (Supply) Spool: This spool contains the recording wire.

It serves as ac storage cell and is used to supply wire to
the recording head. The spool has a flange diamet-=r of
1-3/4 inches and u hub dJdiameter of 1-1/8 inches. The spool
has a total wire capacity providing for a maximum of 2-1/2
hours of continuous recording. The diameter of the wire is
.002 inch, One side of this reei is coded in black and
white sections, enabling its direction =f rctation to be
obgzerved through a small circular window on the case cover,
During rewind, the reel turns in a clockwise direction.
During “record’ or “playbeck’, the direction cf rotation is
counterclosckwise. (See EXHIRIT V).

ib) Take-ur Spool: This reel is used to take-up and store the
wire during the recording cycle. It has a flange diameter
of 3-"/8 inches and a hub diameter of 2-3/4 inches.

-2-
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Recording !eal: fhis wnit contains a single recording head.
measuring approximately i inch in diameter and 1/2 inch
thick. Tn operation ticv recordiny head ie moved with an up
and down mctinn by a me-hunical arm arrangement which
results in smooth, unifcrm wire distribution on both the
take-un and wite feed spools. 'The recording head is also
used to pick-up sigial information from the wire in play-
back opevation, {See EXHIBITS V, VI).

Erasc Mechanism: A permanent magnet is used tc remove the
recorded information from the wire. The magnet is loccted
alongside the recording wir. between the recording head and
the take-up reel. During recerding operations the magnet
is pivoted uside, away from the wire, by a small arm
extending through the cuse cover. Fer erasure, the magnet
is pivoted towards the recording head it enyage the wire.
Erasure is accomplished during the rewind cycle. (Nnte

EX{IIRIT V).

Motor: A miniaiure, § volt D, C., permanent mognet motor,
measuring approximately 3/4 inch in diameter by 1-1/2 inches
long, .s used to drive the wire transport mechanism. As
electrical mechanicol governor and hashk filter combination
are ircorporated tu regulote the motor speed. (Mote EXHIRIT
Vi).

Ferward Rewind (lransfer Switcl): This switch comprises a
lcver which controls the engagement of the proper gears for
either forward (record or plackbark operctions) or reverse
{rewind cycle)] motions of the take-up and wire spools,
Braking facilities are included to prevert wire breakage.
The rate of wire speed is also affectred by ithis switch,
During rewiad the wire speed is approximately twice that of
the recording rate. (Note FEXHIBITS V, VI).

Amplifier Section: The record-reproduce amplifier employs a
normal audio circuit using sub-minidture components and is

constructed on a strip measuring approximately 5/8 inch thick,
by 4 inches long, by 2 inches wide. All ot the components are
permanenily scldered *hrough eyelets on the strip. The majar
elements of the amplifier assembly are as follows: (See
EXHIBITS VIII, IX).

{a)

T . Compliment: Three sub-miniature pentodes tubes are
w+d 1n the amplifier ¢ircuit, two Philips type DF-G7 and
one Thilips type DL-67. Tube DF-37 has « filameni current
drain of 13.3 xilliamperes at .525 volts. Tuke DL-C7 has a
filament drain of 13.3 milliamperes at 1.25 volis. The
nearest American equivalert to these tubez are types

CK349-DX and CX548.DX, respectively. (See EXHIBIT IX).

A=
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3)

(4)

(b)

{c)
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Record-Plavhack Switch: A unique awitching device is
incorporated into the recorder circuit and partiolly
constructed on the amplifier strip. 7Th

£

sutaetanding feature
of this switch is that “record”™ or “pleyback’ operation of
the Minifon is automatically selected Ly ihe inzertion of
either the micronhone plug or the earset plug into a jack
and switch combination. This combinction consists of a jack

containing five contact rings, which is set between two

switches, NMNormally the switches are set for recording
operation. During this operation only three of the rings
come in contact with the microphone plrnz. In the playback

cycle all rings come in contact with the longer earset pluy.
At the same time two plungers are operated by the longer
plug to place the switches into playbcck position. This
arrangement eliminates the need of udditional operations
and switching components thereby reducing to some extent,
the possibilities of humaen error. (Note EXHIJITS VII, VIII,
IX, XII).

Volume Controi: A miniature volume control, measuring 3/4
inch in diameter, anl a miniature output trecnsforme' are
included in the ampiifier strip-. (See EXHMIBIT IX).

wipplies: The recorder is completely portable and can be

operated by self contained batteries or from 117 volts A.C. by

the use cf an external transf>rmer power supply ifor motor onlv}

(a)

(b)

Accassories: Additional cguipments

7 e

Batteries: Normally the recorder is battery opsrated. The
batteries consist of a standard 1-1/2 volts A huattery of
type similar to Rurgess Z or Eveready Pernlite, a standard

30 volt B battery of type similar to Burgess V20 or Eveready
413, and a special 8-3/4 volt motor bottery. Sever Mailory
RM-4Z cells, in series, comprise the motor battery. The
motar tattery is specified tc be gooa for 24 hours of uscge,
while the service life of the A ana B battecries 1s estimated
tc be 25 and 53 to 75 hours, respectively. (Note EMHIBITS I,
V).

A.C. Supply: The recorder may be operated ifrom 1i7 volts AC
through the use of an auxiliary transformer and selenium
rectifier power pack providing 9 volts D.C. This pack
supplies power only to the mctor and is plugged into = small
receptacle located on the bottom left edge of the recorder
case. (Note EXHIDITS 1!, XI

.

ude the earset, micranhana

el
and leather carrying case. (See EXHIBIT I).

{a)

Earset: The headset used is of the hearing aid type,
similar to the Telex Monoset, with a 000 ohm impedance unit.

-4-
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(b) Microphone: The microphone is a small, omni-directional,
crystol diaphragm type having a high impedance characteristic.

(S) Operating Data: The operation of the recorder is simple and may
be broken down tc three phases; namely “record’’. “piayback’’ and

-8 e
erase .,

{al To Record:

1 Check to make sure the wire is taut and securely fastened
the take-up spool.

12. Re sure *the transfer switch is in "IN’ position (toward
case) .

3. Insert microphone firmly into juck.

4. Be sure the erase magnet is swung clear, away fror the
wire.

5. Pull out “on-off’ switch to start the instrument. Speok
into the microphone in a natural vsice at distances up
to three or four feet., Normal valume control seiting is
indicoted by the alignment of two dots (one on the
volume control, the other on the case), To turn off the

recorder, simply push back the “on-off’ switch.
(b) To Playback:
1. Bemove the microphcne and insert the earset,

2. Turs on rscorder by pulling sut *“en-off°° switck and
immediotely pull out {away from case) the transfer switch.
This will cause the instrument to rewind. Rewind may be
stopped at any peint by depressirg the transfer switch
{towards case). The instrument is now in playback
operation, and may be monitored threugh the headset.

The volume control may be adjusited at any time. The
reccrder is tvrned ¢ff by depres=ing the “on-off’ switch.

{c) Te¢ Erase:

1. ABAlways erase during rewind cycie.

2. Slide the protruding stud of the erase magnet toward
{to the right) the wire.

3. Start recorder by pulling out ™on-off’ switch. Pull out
transfer switch fo place the recorder into rewind. All
sounds previously recorded will now be removed.

4. VWhen the wire lLas been fully rewound, push in transfer
switch, depress the main {on-off) switch and swing the
erase head away (to the leit] from the wire. The

-5-
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recorder is now turned off and vzady for o new recording.,

{6) Theory of Operation: The circuit operations of the Minifon are
described as follows: ({(Neote EXHIBIT Xil).

{a) BRecording Circuit Operation: In the recording cycle, sound
information is picked up by tlhe microphone and brcught to
the control grid of the first tube, DF-67. F[From this tube
the signal is further amplified Ly 2rother stage, tube
DF-67, and is then fed into the final amplifier tube DL-67.
The volume control is in the input of the DL-67 stage =ad
varies the gain of the amplifier throuygh the use of a
negative bias voitage. Tube DL-G7 is also used to supply
the signal information to the recording head. The signail
information is then permanently applied to the moving wire.

{b) Playback Circuit Operation: In this cycle the signal in-
formation, previously recorded on the wire, is picked up by
the record-pickup head and fed into the imput stage tube
DF-67. The re~ord-playback jack and ewitch arrangement,
described earlier in this report, automatically places the
recording head into the input stage of the amplifier when the
earset is plugged in, A: th~ -~~~ time, the cutput of the
final amplifier, tube DL-€7, 1is autcematically connected to a
subminiature output transformer which in turxn, is ccanerted
to the earset. Tho output transformer has a nomina! impedance
of 500 ohrzz and is driven by the final auplifier DL-€7. Wich
the exception of the input and output changes just described,
the signal path and amplifier ocperction remdin “e same as
in the recording cycle,

(¢} Erase Theory: All reccrded information is removed from the
wire by a permanent magnet. This is accomplished by bringing
thc magnet into contact wirl the moving wise during rewind
operation. The fixed tield of thkc permuanent magnet then
erases the recorded inforumation.

b. Performance Characteristics of the Minifon Wire Recorder

The following performance data is described in accordance with the
particular operating cycle in use. The informution deals primarily with the
practical limitations of frequency response and gain varameters established
by earlisr spot teasts of th.: performance of the Minifon. With the excepticn
of power consumption data, ¢l! test readings in thie report were tzken orn a
voltage basis, A series resistor of 15 thousand ohms was inserted istween the
multiplier output attenuator of the Hewlett-Packard audio generator model
hp-G350A and the input of the Minifon to uwinimize any loading effects of the
generator, Other test equipments, consisting of a Hewlett-Packard V.T.V.H.,
model hp-410B; Hewlett-Packard V.T.V.M., model hp 403A and oscilloscope,
Sylvania, model 112A used directly at points of test, introduced negligable
shunt effects because of their high input impedances,

-6-
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Gain verasus frequency respoanse measurements were tuken with the volume
contrcl at normal or average setting for frequencies above 100 cycles. Normal

volume setting is indicated by the alignment of two black dots; one on the

volume control and the other alongside on the plastic case. This setting vas

decided upon because of the extremely poor response of the recorder below

100 cycles which resulted in unreliable and inconsistent readings; also because

of the distorticn ~nd excessive noise present with the gain control in the
wide open position. One series of tests was conduvivd tc dotermine the per-
formance of the amplifier with the volume contrcl at maximum gair setting.
All bandwidth figures are given at G db down from maximum in the gain output
versus frequency measurements,

{1 Gain Versus Frequency Hespense Data: The following paragraphs
describe the gain versus frequency response chcracteristics of
the Minifon during (a) recording, (b) playback and (cj overail
(combined recording and plavback on wire) operations. Pardgraph

{(d) describes the maximum gain features of the recorder amplifier.

Optimum input signal level lies between approximately 1 tce 20

nillivolts., DRBelow 1 millivolt input the excessive background and

residual noise factors resulted in extremely pcecr overall re-
corder performance, Inputs abovec 20 millivolts introduced ex-
cessive distortion of the signcl waveforms. An input signual of
7 millivolts was used in the fnllowing test: under paragraphs
{a), (b) and (¢} below,

(a) Gain Ve sus frequency Dcta Nuring Recording: In this test
the volume control wus =djusted for normal gain (two dots
aligned) and the reccr .ing wire was removed. The audio
signal generator hp 05%uA was coannected io the inpaut grid of
the first stace of the amplifier through a 15 thouvsand ohm
resistor aind the output was measured and monitored at the
plate of the final omplifier by V.T.V.M., and oscillioscope.
The following table represents the gain versus frequency
characteristics of the amplifier in this cperation. (Note
Curve A, EXHIDIT MNIIT).

frequeney (Cycle) db Gain
1¢0 32.7

200 41.4

300 45.0

500 49.8

1000 54.7

2060 50.2

3000 52.0

=
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Frequency (Cycle) db Cain
4000 61.0
5000 59.0
6000 57.7
8000 §5.1
3000 54.0
10,000 53.2

During the recording cycle the amplifier provided a maximum
gain of 62 db at 3000 cycles with a bandwidth (6 db points)
of G000 cycles.

Gain Yersus Fregquency Dote During Playback: The conditions
of this test were similar to those in the recording tests,
vith the exception that tho final umplifier atage was
connacted to the output transformer. The table below lists
the gain versus frequency figures of the amplifier in play-
back. (Note Curve B, EXHIBIT RXIII).

Frequency (Cycles) db Gain
60 al.1
100 32.3
200 ~47.1
ano 50.4
505 55.4
1000 62.5
1300 £3.7
2000 £56.7
3000 56.5
4000 53.1
5000 51.4
60060 49.9
7000 48.4
B0OOG 47.6
10,000 45.3
12,000 44,0
-9-
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In the playback phase the amplifier provided a maximum gain
of 63.7 db ot 1300 cycles with a bandwidth of 2300 cycles.

Overali Gain Versus Frequency of Recorder: In this test
nctual recordings were made on thes wire and played back
threcugh the record-pickup head. The sigrnul wae fed into
the amplifier in the saue munner as in the previous tests
with the volume control set for normal gain. In playback
however, the recorded information was picked up by the head
and fed back into the amplifier. Measuremente were taken
at the plats of the final amplifier during pleyback. The
following data reprecents the overall gain versus frequency
performance of the Minifon in actual usuge with the same
level of signal input established in the previcus tests.
{Note Curve C, EXHIRIT XITI).

N~

Fregnency {Cvcles) db Cain

100 20.4

200 33.7

300 36.0

500 38.8

1000 40.5

2000 35.2

3000 33.6

4000 29.8

*000 to 8000 Signal audible and discernable on
oscilloscope; vnreliable readings
on V.T.V.M,

9000 to 10,000 Signal inaudible and not diacer#qble

or oscilloscope,

The overall gain versus frequency performance of the Minifon
indicoted a maximum gain of 40.5 db at 1000 cycles with «
bandwidth of approximately 2150 cycies.

To keep 7l test data on a comparable basis the same siunal
input levels were maintacined in testa described in the above
paragraphs. tlowevsr, complete readings to 10,000 cycles for
overall renponse of the recorder can be obtained, by
increasing the signal input to the instrument.

Mcximum Gain Versus Frequency Response of the Amplier Alone:
Tests wore aleo performed tuv determine the maximum gain and
bandwidt} characteristics of the recorder amplifier. ‘ihe

-9.
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-2 to 1 voltage ratio of signal-plus-noise to noise me 'sured at

CONFIiDENTIAL

conditions of these tests were =imilar to those described
under recording tests, pavagraph (a) above, except that :he
voiume coentrel was at maximum gain setting and the signal
input was kept at 1 millaveolt. The following table lists
data obtained,

Fregquency (Cycle) db Gain
109 41.1
200 54.0
300 57.0
5C0 65.3

1000 70.5
3650 EXHRE
4000 80.7
65000 78.4
8000 75.5§
10,000 74.0
12,600 72.7

The maximum gain of the amplifier is 80.7 db at 4,000 cycles,
The bandwidth (6 db down) is approximately 7,000 cycles. DNo
response curve of this test is shown in this report because
of its siailarity to that of Curve A :n ENHIBIT XITI.

Erasz and Ngise Data: The perm~ueat magnet erase unit incorpo-
rated int*o the Minifom satisfies normal erasure reauirements.
Hownver, test rosults obtained after erasure indicated reclatively
high levels of residual noise on the wire.

Tests were perioimed to determine the approximate overall noise
characteristics of the recorder cud were made on the basis of a

the output. This represente a condition of equality between
signal aad noime as weasured on o peak basis. Datz was tuken at
spot frequencies and the voluxe control was set at maximum gain
pesition. A reading was tuken oi tue tecorder’s output after
the wire had been eraaed. & sigiial, consieting of o fixed fre-
guency audio note, was then injected into the recorder, and the
level adjusted, to give twice the aforementioned reading. The
following table lists required sional inout in millivolts, to
meet the conditions descriked. above.

-10-
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Prequency in cveles Input Voltage (for 2:1 Signal - plus-
ncise to noise output)
1000 .25 miliivolts
3/ 00 .14 2
5000 .30 =
10,000 .52 .

{3) Motor and Wire Speed Data: Tests ware made to determine the
effects on wire feed rate due to variations of inuit voltages to
the motor. The number of revolutions of the take-up reel was
recorded for different values of input voltages to the motor. The
rotational rate of the take-up reel was slow enough to be measured
by stop watch technique. Data for this test 18 Jlisted below.
Input Voltoge to Motor (Under Load) Revolutions fper minute

ia.2 6o
10.8 57
B8.75 57
8.2 57
7.1 54
6.0 54
502 54
5.0 45

All tests, deascribed earlier iin this report, were coanducted with

irput veltagea to the motor in the order of 8.0 to 8.5 volts D.C.

This provided a measured wire fred rate of 9 to 10 inches per

second.,

(4) Power Consumption Data: The measured power consumption of the
Minifon, using bdtteries, wus as follows:

{cd} The filament power consumption totalled .044 watts, at 1.38
vclts and .032 amperes.

tb) Tke high voltage {Pt) power consumpticn totalled .012 watt,
at 30 volts and .0004 amperes.

(c) The power consumption of the motor totalled .57 watts. The
battery voltage was 8.2 volts and current drawn was .07
ampere.

CGNCLUSIONS:

Throughout the teats, the Minifon proved reliakle and trouble {ree. At no

-11-
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time were testz daslayed to correct any component failure. The instrument is
neatly and ccmpactly assenbled. Haitery replacement, exchange of the wire
spools, and other phases of yeneral operation of the vecorder, were convenient
and gimple. The various sections of the recorder are removable for examinaztion
and repairs. The small size, liyhtweight and complete independence of external
pewer needs make the recorder cempletely containabls within the average brief-
case. The plastic case and wire transport system are su

survive average treatment. It is doubtful if the instrument, as presently
constructed, could survive minimum shock or vibration tests required for
military usage.

fficiently rugged to
t

Electrically the Minifon performed satisfactorily. The overall sensitivity
vas adequate and bandwidth was sufficient for nermal veice reproadiction. The
power requirements for the unit were favoerable.

The stability of the motor and drive ossembly could b2 improved. hLowever,
Variations in wire feed rate bhetween record and playback phages were noticed.
These variations became quite severe after 2 or more hours. Background ncises
picked up by the microphone was considered quite high. The rewind speed and
lack of an arrangement tc indicate wire footage, made monitoring of the
recordings tedious and power consuming.

The outstanding characteristics of the Minifon remain size and weight; and
these physical characteristics make it adaptcble to many applications requiring
a high deqree of portability. For voice reproductions the instrument
functioned satisfactorily and proved to be quite dependable.

6. FRECOMMENDATIONS:

To further improve the Minifon, and in particular, to modify it to meet
minimum countermeasures military reguirements, it is recommended that:

a. The design and construction be improved to meet JAN specifications and
military envircnwmental conditions, within limits of present size and weight.

b. The overall frequency response of the recorder te extended to provide
g minimum bandwidth of 10,000 cycles.

¢. In order of importance, a wire footage indicator, improved srase
facilities, and automatic gain control circuit be included. For precision
timing purposes; it v.uld also be desirabie to provide calibration fac' : _ties.

d. The posmibility of furthe: reduction of size and weight of the Minifon
be investigated. Such investigation should also includc the possibiiities of
replacing amplifier tubes with tramsisiors and the use of priated circuit
techniques in fabricating the amplifier.
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