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PRELIMINARY EVALUATION OF A MINIATURE 

PORTABLE WIRE RECORDER 

FOR COUNTF.llMEASUHCS APPLICATIONS 

• 

1. FOREWORD: 

Post World War II 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 high frequency response, 
compactness and simplicity of construction, simplicity of operation, and 
maximum economy of recording medium employed.  The outstanding feature of 
recording information on a permanent basis is that it enables the recorders 
to store electrical data for future analysis and playback. 

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

2. PURPOSE: 

The purpose of this report is twofold: 

a. It is a preliminary description 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 signals from electronic countermeasures reconnaissance equipments. 

3. SUMMARY: 

The Minifon wire recorder does not represent a particular advancement in 
the field of wire recording as such, particularly where high frequency 
response is required, due to the smaii s^e of the unit.  However, because of 
its size, weight, portability and versatility, the Minifon offers mar.y 
possibilities of applications where such physical characteristics are required. 
Therefore, it was decided to study the recorder in detail to evaluate its 
possible usage for the permanent recording of electrical data obtained from 
small lightweight, countermeasure radio receiving equipments.  (Such data as 
antenna scan rates and pulse recurrence frequency of radar systems could be 
recorded.) 

4. DISCUSSION: 

a.     Description   of   the  Minifon   fixe  Recorder 

The  Minifon   is   a   small,   portcble.   completely   self-contained,   battery 
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operated wire recorder.  The unit weighs approximately two pounds Beven ounces 
and measures 1-3/8 inches thick, 4-3/8 inches wide and O-S/fl inches long. 

Additional equipment, used with the recorder, comprises a small lightweight 
microphone, a stethoscope type set of earphones, wire spool and a transformer 

power uupply for operating the motor from 117 volts A.C. 

The Minifon provides a continuous playing time from 1/2 hour to • 2-1/2 

hours depending on the wire content of the supply tpool. 

The recording unit is enclosed in a light plastic caan  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 accoair i- 

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 case.  Thc erase and running indicator facilities are 

located on the upper left and right sect: -.-s of the cover.  The main"on-offM 

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 by 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 operating controls 

ate accessible ..o the operator when the unit is installed in the carrying case 

and the equipment is normally operated in this manner. (Not*; EXHIBITS I,  II, 

III. IV). 

'ini f on : 

The following is a detailed description of the major components of the 

(1)  Wire   Yransport   System:  The wire feed, recording and "take up" 

mechanism is small, well designed ar.d consists primarily of the 

following 3ub-components: 

(a) Wire (Supply)   Spool:      This spool contains the recording wire. 
It serves as a storage cell and is used to supply wire to 
the recording head,  The spool has a flange diameter of 
1-3/4 inches and ^ liuu diameter 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 reel is coded in black and 
white sections, enabling its direction of rotation to be 
observed through a small circular window on the case cover. 
During rewind, the reel turns in a clockwise direction. 
During "record" or "pltyback", the direction cf rotation is 
counterclockwise.  (See EXHIHiT V). 

(b) Take-up Spool: This reel is used to take-up and store the 
wjre during the recording cycle. It has a flange diameter 
of 3-*Vfl inches and a hub diameter of 2-1/4 inches. 

-2- 
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(c) Recording 'load:      This: unit contains a sinqJc recording head, 
measuring approximately 3 inch in diameter and 1/2 inch 
thick.  In operation the recording head iu moved with an up 
and down motion by a me. "hanical arm ar rangemen t which 
results in smooth, uniform wire distribution on both the 
take-up and 'Me toed spools.  The recording head is also 
used to picK-up signal information from the wire in play- 
back operation.  (Pee EXHIBITS V, VI). 

(d) Erase   Mechanism:      A permanent maqnet is used tc remove the 
recorded information from the wire.  The magnet is located 
alongside the recording wi ri between the recording head and 
the take-up reel.  During recording operations the magnet 
is pivoted aside, away from the wire, by a small arm 
extending through the case cover.  For erasure, the magnet 
is pivoted towards the recording head !:•. engage the wire. 
Erasure is accocipl i shed during the rewind cycle.  (Note 
EXHIBIT V). 

je)  Motor:  A miniature, 8 volt D. C., permanent magnet motor, 
measuring approximately 3/4 inch in diameter by 1-1/2 inches 
long, ts used to drive the wire transport mechanism.  An 
electrical mechanical governor and hash filter combination 
are incorporated to require the motor speed.  (Mote EXHIBIT 
VI) . 

(f)  Fcrivard Rewind   (transfer   Switch):      Thjs switch comprises a 
lever which controls the engaaement of the proper gears for 
either forward (record or plackhark operations) or reverse 
(rewind cycie) motions of the take-up and wire spools. 
Braking facilities are included to prevent wire breakaqe. 
The rate cf wire speed is also affected by this switch. 
During rewind the wire speed is appro:\.inately twice that of 
the recording rate.  (Note EXHIBITS V. VI). 

(2)  Amplifier Snctjjn:  The record-reproduce amplifier employs a 
normal audio circuit using sub-miniature components and is 
constructed on a strip measuring approximately 5/fl inch thick, 
by 4 inches long, by 2 inches wide.  Ali ot the components are 
permanently soldered through eyelets on the strip.  The majr.r 
elements of the amplifier assembly are as follows:  (See 
EXHIBITS VIII, IX). 

(a)  T   ' -•   Compliment :      Three sub-miniat ure pentode tubes are 
. ./d in the amplifier circuit, two Philips type DF-G7 and 
one Philips type DL-G7.  Tube DF-G7 has a filament current 
drain of 13.3 siil liamperes at .625 volts.  Tube DL-G7 has a 
filament drain of 13.3 milliamperes at 1.25 vulls.  The 
nearest American equivalent to these tubes are types 
CK549-DX and CXS48-DX, respectively.  (See EXHIBIT IX). 
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(b) Record-P1ayhack   Switch:      A unique switching device is 
incorporated into the recorder circuit and partially 
constructed on the amplifier strip.  The sat"landing feature 
cf this switch is that "record" or "playback" operation of 
the Minifon is nu t omat ica 11 y selected b« LIIC- insertion of 
either the microphone plug or the earset plug into a jack 
and aw itch combination.  This combination consists of a jack 
containing five contact rings, which i3 set between two 
switches.  Normally the switches are set for recording 
operation.  During this operation only three of the rings 
come in contact with the microphone plug.  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 playback position.  This 
arrangement eliminates the need of additional operations 
and switching components thereby reducing to some extent, 
the possibilities of human error.  (Note EXHIBITS VII. VIII. 
IX. XII). 

(c) Volume   Control: 
inch in diameter. 

liniature volume control, measuring 3/4 
3   a miniature output trans forme-' ate 

included in the amplifier strip".  ISee EXHIBIT IX). 

(3) frowiti    applies:  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 transformer power supply (for motor only). 

(a) Batteries:      Normally the recorder is battery operated.  The 
batteries consist of a standard 1-1/2 volts A battery of 
type similar to Hurgess 7,   or Eveready Penlite, a standard 
30 volt B battery of type similar to Burgess V20 or Eveready 
4 13. and a special fi-3/4 volt motor battery.  Seven Mailory 
RM-4Z cells, in series, comprise the motor battery.  The 
not^r cattery is specified tc be gooa for 24 hours of usage, 
while the service life of the A ana B batteries is estimated 
to be 25 -snd F.0 to 75 hours, respectively.  (Note EXHIBITS I. 
V). 

(b) A.C.    Supply:      The recorder may be operated from 117 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 motor and is plugged into a small 
receptacle located on the bottom left edge cf the recorder 
case.  (Note EXHIBITS Ii. XI). 

(4)  Accessories:  Additional equipments include the earset, 
and leather carrying caoe.  (See EXHIBIT I). 

- />r»V» , 

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

4- 
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(b) Microphone:      The Microphone is a small, omni-directional, 
crystal diaphragm type having a high impedance charat: t er i s t ic . 

(5)  Operating Data:      The operation of the recorder in simple and may 
be broken down to three phases; namely "record", "playback" and 
"eras* . " 

(a! To  Record: 

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

>_2.  Be SUP *he transfer switch is in "IN" position (toward 
case) . 

3.  Insert microphone firmly into jack. 

±.      Be sure the erase magnet is swung clear, away froir the 
wi re. 

_5.  Pull out "on-off" switch to start the instrument.  Speak 
into the microphjue in a natural voice at distances up 
to three or four feet.  Normal volume control setting is 
indicated 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 Piaybac.i:: 

JL.  Remove the microphone and insert the earset. 

2. Turn on recorder by pulling out "on-off" switch and 
immediately pull out (away from case) the transfer switch. 
This will cause the instrument to rewind.  Rewind may be 
stopped at any point by depressing the transfer switch 
(towards case).  The instrument is now in playback 
operation, and may be monitored through the headset. 
The volume control may be adjusted at any time.  The 

is turned eff by depressing the "on-off" switch. 

(c) 

recorder 

To Erase: 

JL.  Always erase during rewind cycie. 

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

2.      Start recorder by pulling out "on-off" switch.  Pull out 
transfer Bwitch to place the recorder into rewind.  All 
sounds previously recorded »ill now be removed. 

A_. When the wire has been fully rewound, push in transfer 
switch, depress the main (on-off) switch and swing the 
erase head away (to the le/t) from the wire.  The 

-5- 
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recorder is now turned off ami ready for a new recording. 

16) Theory   of Operation:      The circuit operations of the Minifon are 
described as follow»:  (Note EXHIBIT XII), 

fa)  Recording Circuit Operation:  In the recording cycle, sound 
information is picked up by the microphone and brought to 
the control grid of the first tube, DF-C7.  From this tube 
the signal is further amplified by another stage, tube 
DF-G7. and is then fed into th* final amplifier tube DL-67. 
The volume control is in the input of the DL-G7 stage aad 
varies the gain of the amplifier through the use of a 
negative bias voitage.  Tube DL-C7 is also used to supply 
the signal information to the recording head.  The signal 
information is then permanently applied to the moving wire. 

(b) Playback   Circuit   Operation:      In thiB cycle the signal in- 
formation, previously recorded on the wire, is picked up by 
the record-pickup head and fed into the input stage tube 
DF-G7.  The record-playback jack ana   switch arrangement, 
described earlier in this report, automatically places the 
recording head into the input stage of the amplifier when the 
earnet is plugged in.  Af tb^ ---» time, the output of the 
final amplifier, tube DL-G7, is automatically connected to a 
subminiature output transformer which in turn, is connected 
to the earset.  The output transformer has a nominal impedance 
of 500 ohc3 and is driven by the final aaplifier BL-S7.  With 
the exception of the input and output changes just described. 
the signal path and amplifier operation remain *he same as 
in the recording cycle. 

(c) Erase   Theory:      All recorded information is removed from the 
wire by a permanent magnet.  This is accomplished by bringing 
the magnet into contact with the moving wire during rewind 
operation.  The fixed field of the permanent magnet then 
erases the recorded information. 

b.  Performance Characteristics  of  the  Minifon   Wire  Recorder 

The following performance data is described in accordance with the 
particular operating cycle in use.  The information deals primarily with the 
practical limitations of frequency response and gain parameters established 
by earlier spot tests of th-« performance of the Minifon.  With the exception 
of power consumption data, uli test readings in this report were isken en a 
voltage basis.  A series resistor of IS thousand ohms was inserted between the 
multiplier output attenuator of the Hewlett-Packard audio generator model 
hp-GSQA and the input of fhe Minifon to minimize any loading effects of the 
generator.  Other test equipments, consisting of a Hewlett-Packard V.T.V.M.. 
model hp-410B; Hewlett-Packard V.T.V.M., model hp 400A and oscilloscope. 
Sylvania. model 112A used directly at points of test, introduced negligabJe 
•hunt effects because of their high input impedances. 

CONFIDENTIAL 



CONFIDENTIAL 

Gain versus frequency response iiit'usuremencs were tuken with the volume 
control 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 Betting ».as 
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 tii »t or ti cs ccndl excessive noise present with the gain control in the 
wide open position.  One series of tests was conuui.n--J to do t*?r">' "•> the per- 
formance of the amplifier with the volume control at maximum gain setting. 
All bandwidth figures are given at 0 db down from maximum in the gain output 
versus frequency measurements. 

(I)  Gain Versus frequency Response  Dot ft'      The following paragraphs 
describe the gain versus frequency response characteristics of 
the Minifon during (a) recording, (b) playback and (c) overall 
(combined recording and playback on wire) operations.  Paragraph 
(d) describes the maximum gain features of the recorder amplifier. 
Optimum input signal level lies between approximately 1 to 20 
nillivolta.  Belc* 1 millivolt input the excessive background and 
residual noise factors resulted in extremely poor overall re- 
corder performance.  Inputs above 20 millivolt? introduced ex- 
cessive distortion of the signal waveforms.  An input signal of 
7 millivolts was used in the following tests under paragraphs 
(a), (b) and (c) below. 

(a) Gain   Ve   sus   Frequency  Data   During   Ftecordi nq:       In this test 
the volume control w<»» •-•djusied for normal gain (two dots 
aligned) ana the reccr . ing wire was removed.  The audio 
signal generator hp G.*i>A was connected io the input grid of 
the first stare of the amplifier through a IS thousand ohm 
resistor and the output was measured and monitored at the 
plate o':   the final amplifier by V.T.V.M. and oscilloscope. 
The following table represents the gain versus frequency 
characteristics of the amplifier in this opetation.   (Note 
Curve A, EXHIBIT XIII). 

Fr eauency   (Cycle) 

100 

200 

300 

500 

1000 

2000 

3000 

db Gain 

32.7 

41.4 

46.0 

49.8 

5 4.7 

00 .2 

02.0 
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frequency   (Cycle) db  Cai 

4000 G1.0 

50 00 59.0 

0000 57.7 

8000 55.1 

9000 54. G 

10.000 53.2 

During the recording cycle the amplifier provided a maxiaum 
gain of C2 db at 3000 cycles with a bandwidth (C db points) 
of C000 cycles. 

(b) Gain   Ycrsuj  Frequency Date  During Playback:      The conditions 
of this test were similar to those in the recording tests, 
*ith the exception that th» final amplifier ntage was 
connected to the output transformer.  The table below lists 
the gain versus frequency figures of the amplifier in play- 
back.  (Note Curve R. EXHIBIT XIII) . 

Freguency (Cycles) 

GO 

100 

200 

300 

500 

1000 

1300 

2000 

3000 

4000 

5000 

DUO 

7000 

8000 

10.000 

12.000 

db Gain 

31.1 

3S.3 

~47.1 

50.4 

55.4 

&2.S 

G3.7 

60.7 

S6.5 

53.1 

51.4 

49.9 

48.4 

47.6 

45.? 

44.0 
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In the playback phase the amplifier provided a maximum yain 

of G3.7 db at 1300 cycieB with a bandwidth of 2300 cycles. 

(cj Overall   Gain    Versus   Frequency   of  Recorder:       In this test 
actual recordings were made on thi» wire and played back 

through the record-pickup head.  The sigcal sae fed into 

the amplifier in the same manner as in the previous testa 

with the volume control set for normal gain.  In playback 

however, the recorded information was picked up by the hfcad 

and fed back into the amplifier.  Measurements were taken 

at the plaic of the final amplifier during playback.  The 

following data represents the overall gain versus frequency 

performance of the Minifon in actual usage with the same 

level of signal input established in thtr previous tests. 

{Note Curve C, EXHIBIT XITI). 

Pr AQii t»n r»v / Cvc 1 et s ) 

100 

20 0 

30 0 

5 00 

db   Gain 

30 H 

33 7 

3G 0 

38 e 

1000 

2000 

4000 

rooo to nooo 

9000 to 10,000 

40.5 

35.2 

33. e 

29. d 

Signal audible and ciiscernable on 

oscilloscope; unreliable readings 

on V.T.V.M. 

Signal inaudible and not discernahle 
OR oscilloscope. 

The overall gain versus frequency performance of the Minifon 

indicated a maximum gain of 40.5 db at 1000 cycles with a 

bandwidth of approximately 2150 cycle*. 

To keep ill test data or. a comparable basis the samp signal 

input, levels were maintained in tests described in the above 

paragraphs.  However, complete readings to 10,000 cycles for 
overall response of the recorder can be obtained, by 

increasing the signal input to the instrument. 

(d)  Wcximum Gain   Versus   Frequency  Response   of  the   Amplisr   Alone: 
Tests wore alto performed >.o  determine the maximum gain and 
bandwidth characteristics of the recorder amplifier. The 
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conditions of t.'tose tests wore similar to those described 
under recording tests, paragraph (a) above, except that the 
volume control was nt maximum gain setting and the signal 
input was kept at 1 
data obtained, 

Frequency   (Cycle) 

100 

500 

300 

SG0 

1000 

millivolt.  The following table list3 

db   Cain 

41.1 

54.0 

S7.0 

55.3 

70.5 

4000 

6000 

9000 

10,000 

12,000 

80,7 

7B.4 

7 5.5 

74.0 

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.  Mo 
response curve of this test is shown in this report because 
of its similarity to that of Curve A :n EXHIBIT XIII. 

(2)  Erass and Noise  Data:      The permanent magnet erase unit incorpo- 
rated into the Minifom satisfies normal erasure reauirements. 
However, test results obtained after erasure indicated relatively 
high levels of residual noise on the wire. 

Tests were performed to determine the approximate overall noise 
characteristics of the recorder and were made on the basis of a 
2 to 1 voltage ratio of signal-plus-noise to noise se 'sured at 
the output.  This represents a condition of equality oetween 
signal and noise as measured on a peak basis.  Data -.sas taken at 
spot frequencies and the volume control was set at maximum gain 
position.  A reading was taken of tli«v recorder's output after 
the wire had been erased.  A signal, consisting of c fixed fre- 
quency audio note, was then injected into the recorder, and the 
level adjusted, to give twice the aforementioned reading.  The 
following table lists required signal incut in millivolts, to 
neet the conditions described above. 
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r '_• c'i vn cy   ' n   f*v?i6S 

lono 

3< on 

500 0 

10.000 

Input    '/oJtago   (For   2:1   5if/no plus 
noi.' 

.25 millivolts 

.14 

.30 

.52 

to >ioJse outputs 

(3)  Motor and Cire SpepJ   Cat a:  Tests wore made to determine the 
effects on wire feed rate due to variations of injit voltages 
the motor.  The number of revolutions of the take-up reel was 
recorded for different values of input voltages to the motor, 
rotational rate of the take-up reel VOB slow enough to be measured 
by «top watch technique.  Data for this test IB listed belo-v. 

The 

Input   Voltage   to  Motor   (Under  Loci'l) Ftevolutions   rer  minute 

14.2 no 

10.8 57 

0.7^ 57 

8.2 57 

7.1 54 

6.0 5 4 

5." 54 

5.0 45 

5. 

Ail tests, described earlier io this report, were conducted with 
ir.pat voltages to the motor in the order of 8.0 to 8.5 volts D.C. 
This provided a measured wire feed rate of 9 to 10 inches per 
second. 

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

(a)  The filament power consumption totalled .044 -atts, at 1.38 
volts and .032 amperes. 

<b)  The high voltage (P+) power consumption totalled .012 watt. 
at 30 volts and .0004 amperes. 

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

CONCLUSIONS: 

Throughout the tests, the Minifon proved reliable and trouble free.  At no 
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time were tpsts: delayed to correct any component failure.  The instrument is 
neatly and compactly assembled.  Mattery replacement, exchange of the wire 
spools, and other phases of general operation of the 'ecorder, were convenient 
and t'imple.  The various sections of the recorder are removable for examination 
and repairs.  The njnoii size, lightweight and complete independence of external 
power needs make the recorder completely containable within the average brief- 
case.  The plastic case and wire transport system are sufficiently nigged to 
survive average treatment.  It is doubtful if the instrument, as presently 
constructed, could survive minisum shock or vibration tests required for 
military usage. 

Electrically the Minifon performed satisfactorily.  The overall sensitivity 
was adequate and bandwidth was sufficient for normal voice reprodjet ion.  The 
power requirements for the unit were favorable. 

The stability of the motor ar>d drive assembly could be improved, however. 
Variations in wire feed rate between record and playback phases »ere noticed. 
These variations became quite severe after ?.   or more hours.  Background noises 
picked up by the microphone was considered quite high.  The rewind speed and 
lack of an arrangement to indicate wire footage, made monitoring of the 
recordings t^ious and power consuming. 

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

6. RECOUHQIDMIONS: 

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

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

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

c. In order of importance, a wire footage indicator, improved erase 
facilities^ and automatic gain control circuit be included.  For precision 
timing purposes; it r.-uld also be desirable to provide calibration fac  '.ties. 

d. The possibility of furthen reduction of size and weight of the Minifon 
be investigated.  Such investigation should also include the possibilities of 
replacing amplifier tubes with transistors and the use of printed circuit 
techniques in fabricating the amplifier. 

7. ACKNOWLEDGMENT: 
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for their contributions and assistance in the compilation of data for thin 
report. 
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