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B E N T L E Y A c o u s T I c ECC33 1458 | EL32 018 | 1wa/ss0 | PoLs2 037 083 |UYS5 020
ECC40 080 | EL34 0-53 038 | PCLS3 0-50 | QV04/7 063 | Ul0  0-46
ECC81 0-19 | EL37 0-87 | IW'4/500 PCL84 038 | R10  0-75 | U12/14 0-38
c o R P o R A T I o N L T D ECC82 023 | EL41 055 | ° 0-38 | 'CL803/85 | R11  0-98 [ Ul6 075
. LCC83 g%g EL42 oo'gg KT2 o~2!3i 06 g-:g R16 1-7: U17 0 ggg
) ECC84 0-30 | EL81 0 KT8 173 | PCL - R17 088 [ U18/20 0
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1 [CC85 0-28 | EL83  0-38 | KT41 0-98 | PCL88 0-75 [ R18 050 | U19 173
THE VALVE SPECIALISTS Telephone 01-722 9090 ECCB6 040 | EL8+ 024 | KT44 100 | PEN45 0-35 | R19 033 | U2z 0-39
iCC88 0-35 | L85 0-40 | KT63 025 | PEN45DD | R20 059 |U25 065
0A2  030[6BH6 0-43|68A7GT 12AVG 0-28140L1 0-32]17193 0-53] DK95 0-37|ECC1890-48 | EL86 040 | KT66 083 075 [ R32 038 |U26 059
082 0-30{6BJ6 043 0-35|12AX7 0-23|30L15 0-84}7475 070/ DL3% 0:35| ECC8040-58 | EL91 0-23 | KT74 063 | PEN46 0-20 | RK34 0-38 | U3l 0-30
0Z4 0-23{6BQ5 0-24|63A7M 0-35|12AY7 0-88(30L17 0-78(A1834 1-00|DL9Z 0-28)| ECC8071-35 | EL95 0-35 | KT76 0-63 | PEN453DD | SP42 075 | U33 1-48
1A3  0-23[6BQ7A 0-38|68C7GT 12BA6 0-30 | 30P4MR A2134 0-98{DL9s 0-32| ECF80 0-33 | EMR) 0-38 | K88 1-70 098 | SPG1  0-33 | U35  0-83
1A5 0-25| iBR7 079 0-33 | 12BE6 0-30 0-98[A3042 0-75|DLS6 0-37|BCF82 033 | EM81 042 | KTW610-63 | PENA40-98 | TH4B 0-50 | U37 1-75
1A7GT 0-37|6BR8 0-83|68G7GT 12BH7 0-40[30P12 0-69{ACO44 1118 DM 0-30| ECF86 0-65 | KM84 0-34 | KTW62063 | PENDD TH233 098 |Us5 078
1D5  0-38|6BS7 125 0-33| 1 0-85|30P19/30P4 | AC2/PEN | DM71 0-38| ECFS042:10 | EM87 0-38 | K'TW630-50 | 4020 0-88 | TP2620 0-98 | U47 -65
1D6  0-48|6BW6 0-72(6SH7 0-53 5 050 080 098 DWH350 |ECH21 0-83 | EYsl 0-37 | M8162 0-63 | PI'1.2000-58 | UABC80 U48 -58
1FD1 0-35|6BW?7 0-85(63J7 0-35|12K7GT 30PL1 0-89 | AC2/PEN/ 0-38| ECH35 0-29 | EY81 0-35 | ME14000-74 | PL33  0-38 033 | U0 -28
1FD9 0-22|6BZ6 0-33|68K7GT 4(30PL12 0:37| DD 098! DwW/300 ECH42 084 | EY33 055 | MHL4 075 | PL36 048 | UAF42 052 | U76 -24
1H5GT 0-35(6C6 019 0- 30PL13 0-78| AC6PEN 0-38| ECHBI 0-29 | EY84 0-50 | MHLDS PL8L  0-48 | UBC41 045 | U78 -22
1L4  0-183|6C9  0-73168Q7GT 0-28| 30PL14 0-75 0-38| DY84%/7 0-28 | ECHR3 0-40 | EY86/7 0-33 0-75 | PL81A 0-63 | UBCS1 0-40 | Ul07 092
1LD5 0-30| 6CD6G 1-15 0-38(129A%GT AC/PEN(7) |DY8#2 0-48 | ECHS84 0-38 | EYS8 043 | N78  2:02 | PL82  0-33 | UBFS0 029 | U191 063
1LN5 0-40|6CH6 0-38]| sU4GT 0-60 -40 0-50 098 ESOF 1-20| ECLSO 035 | EY91 0-53 | N10s 1-40 | PL83 0-33 | UBF89 0:34 | U251 -73
1N5GT 039 6CL6  0-43[6U7G  0-53|128CT 0-35] 5 -75| AC/TH1 ER3F 1-20{EcL82 0-33 | 1235 025 { N308 098 | PL84 0-33 | UBL21 0-55 | U281  0-40
1R5  0-28|6CW4 0-63/6V6G  0-18|128G7 0-23|35D5 0-70 0-50| E88CC 0-60 | ECL83 0-52 | EZ40 0-40 | N339 1-25 | PL302 0-60 | UCY2 036 | U282 040
184  0-24 6D6  0:16|6V6GT 0-33|128H7 0-15|35L6GT AC/Tr 0-88|K180F 0-95|ECL81 0-80 [ BZ41 0-43 | P61 0-50 [ PL500 0:03 | UCC84 0-40 [ U301 0-53
185 022/ 6F1  0-83/6X4  0-22/128J7 023 044} AL60 078 E1820C 1-13 | BCLES 0'35 | EZ80 023 | PABCSO PL504 0-88 | UCC85 0-37 | U403 033
1U4  0-28| 6F6 0-63| 6X5GT 0-25|123K7 0-24|a5W4 0-23{ ARP3 0-35 E1148 0'53 ECL86 040 | EZ81 0-24 0-35 | PL505 1-44 | LCF80 0-42 | U404 0-38
U5 048/ 6F6G  0-25/6Y6G  0-55|128Q7GT  |35%3 050 ATP4 012)EAse 0-18|Er22 063 | EZ90 022 | PC86 052 | PL308 1-40 | UCH21 0-60 | US0OL  0-85
2D21 0-35 6Fl2 017/ 6Y7G 0-63 0-50}35Z4GT AZ1  0-40|EA7%  0-88| EF36 033 | Fw4/500 PC88 052 | PL30Y 1-44 | UCH42 0-83 | U4020 0-38
3A4 020/ 6F13 0-33/7B6  0-58|14H7 048 0-24{ 4731 0-48! EABLCSO EF374 035 076 | PC95 053 | PL802 0-75 | UCHSL 0-33 [ VP13C 0-36
3A5 1.00| 6F15 0-85 7B7 0-35/1487  1.15 35Z5GT |AZ41 053 0-33| EF39 040 | FW4/800 PCO7 040 { PM84  0:39 | UCLS2 035 ) VP23  0-40
3B7 025/ 8F18 045 7Co 0-30|194Q5 0-24 0-30 | B36  0-33| EACO1 0-38| EF40 050 0-76 | PC900 038 | PX4  1:18 | UCL83 0-50 | VP41 0-38
3D6  019|6F23 0-72 7F8  0-63]19HI 2-00|50B5 0-35|B319 0-32| KAF42 0-50| EF41 050 [ GZ30 0-35 | pCC84 0-32 | PX25 118 [ UF41 050 | VR75 1-20
3Q4  0-38|6F24 0-68{7H7 0-28/20D1 085/50C5 0-32{CL33 098 £EB34 020 EF42 083 [ Gz32 045 | pCc8s 033 [ PY32/3 0-50 [ UF42 0-80 | VR105 0-33
3Q5GT 0-35|6F25 065/ 7R7  0-85|20D4  1-02) 50CD6G CVG 053 KB4l 0-50 EF54 098 | (:z31 0-70 | PCC8S 0-49 [ PYSO 0-33 | UFS0 0-35 [ VRI50 0-33
384  0-20/6F28 070 7v7  0-25|20F2  0-70 i 0-53 | KB91 0-18|EF78 033 | GZ34 053 | PCCRY 048 [ PYR1 0-27 | UFB5 034 | VIG1A 0-35
3v4 032/ 6F32 0-15/9BW6 0-50120L1 0-98 038 EBC31 048! EF80 023 | :Z47 075 | PCCIS90-49 | PY82 027 | UF86 0-83 | VUIIL 0-44
SR4GY 0-53|6HEGT 0-16i9n7  0-78)20P1  0-88 0 025 EuC3t 0-33 | EFR: 048 | HABCS0 FCF80 0-30 | PY83 029 | UF8S 0-34 | VU120 0-60
5V4G 038]6J5G  0-19)10C1  1-25|20P3 090 0- 0-12| LBCY0 0-20| EF&s 029 1'CF82 033 | PYR8  0-34 | UL41 059 | VUI20A
5Y3GT 0:28{6J6 0-18l10c2  0-50(20P4 0-93 0- 2 0-35(1:BC31 0-30| EF86 032 | HL23DD PCF84 0-40 | PY301 0-83 [ UL46 0-88 0-80
523 0-45{6J7G  0-24j10D1  0-50{20P5 1-00 0 0-22 | LBF30 0-34| KF89 025 PCF86 050 | PY500 108 | UL84 0-33 [ VU133 0-38
574G 0-3516J7GT 0-38]10D2 0-74}23A6G 0-29 3- i 035 LBFY: 0-40( EF91 017 | HL4IDD PCF2000-67 | ’'Y800 0-38 | UMB0 0-33 | W107 0.50
6/30L2 0-5816K7G 0-10{10F1 0-7525L6G 0-28 8 1-00| EBF39 0-32| EF92 013 - PCF8010:35 | PYB01 0-34 | URIC 0-53 | W729 0-80
6A8G  0-33{6K7GT 0-23{10F9 0-45i25Y5 0-38|9 1 0531 EBL21 0-60(EF97 0'55 | HL42DD PCF8020-45 | PZ30  0:48 | UUS  0-38 | X41  0'50
BAC7 0-15)6K8G 020} 10F18 0-35}25Y5G 0-43 1- 039} EC5« 0-50| EF9s 065 0 PCF8050:84 | QUV03/10 UU9 040 | X61 0-29
6AG5 0-2516L1  0-88] 10LD110-53|2524G 0-30 0- 0-14{EC76  0-24| 3F183 0-30 | HIN309 138 | PCF8060-84 120 | UUI2 0-24 | X65 050
6AK5 0-25|6L6GT 0-3910P13 085{2575 0-40 0- 0-35| EC86 0-83| EF184 0-30 | HVR2 0-53 | PCF8080-73 | QB875/20 UYIN 0:50 | XE3 500
GAK6 030 6L7GT 0-83|10r14 1-10{9526G 0-43 0- 0-83| EC88 0601 EFP60 0-50 | HVR2A0-53 | PCH200 0:83 | UY21 0-55 | XH(1.5)0.48
GAM6 0-17 6L18  0-45|10P18 0-3330C1  0-30 1- 0-30(ECoe  0-35|EH90 0-38 | 1w3 038 0-82 | Q8150/15 UY4l 0:38 | 2329 0-80
6AQ5 023 6L19 1:38/12A6 0-63|30C15 0-65 0- 0-28
6AR6 1:00| 6LD20 0-48'12AC6 0-40|30C17 0-80 0 0-20| All valves are unused, boxed, and subject to the standard 90-day guarantee. Terms of business:—
6ATS 0-20| 6N7GT 0-40 12AD6 0-40]30C18 0-64: 0- 0-58 | Casts or cheque with order only. Post/packing 3p per item, subject to a minimuwm of 9p, Orders
6AU6 0-25|6P28 1:25|12AE6 0-48{30F5 0-80 0 0-90 | over £5 postfpacking [ree. Same day despatch by first class mail. Any parcel insured against damage
6AVE 0-30|6Q7 0:43| 12AT6 0-23|30FL1 0-64 059 0-37 | in transit for only 3p extra per order. Complete catalogue with conditions of sale price 7p post paid.
6B8G  0'13[6Q7G  0-30| 12AT7 0-19(30FL2 0-756 0-53 0-55 | Business hours Mon.-Fri. 9-5.30 p.m, 8ats. 9-1 p.m.
6BA6 023! 6R7 0-551 12AU6 0-24| 30FL12 0-80. 0-50 0:28| We do nat handle seconds nor rejects. which are often described as "*New ani Tested’” but have a
6BE6 0-24|6R7G 0-35|12AU7 0-23]|30FL14 0-73{6060 0-30{DK92 0-43|limited and unrellable life. No enquiries answered unless 8.A.E. is enclosed for reply.

EX-RENTAL TELEVISIONS
TWO-YEAR GUARANTEE

17" SLIMLINE 405 only
£i119 0

19" SLIMLINE 405/625
£2919 0

Carriage and Insurance 30/-
FREE ILLUSTRATED LIST OF
TELEVISIONS
17"—19"—21"—23"
WIDE RANGE OF MODELS
DEMONSTRATIONS DAILY

TV TUBES REBUILT GUARANTEED TWO YEARS
147 79/6, 17" and 19” 119/-, 217 and 23" 129/-. INSUR, CARR, 10/6.

STERED REGORD
PLAYER CABINET &
MATCHING EXTERNAL

SPEAKER CABINET £5.19.6

SPEAKERS
3 x 57 84,
NEW. P. & P. 2/-.

10/-, 21" 80, 4" 10Q,
7° x 4 30. BRAND

Transistors: Mullard matched output
I;:EZ/G. OC81D—2 CC8I's. P. & P.

Transistor Radio Cases: §/- each.
Size 91 x 61" x 3}". P. & P, 9/6.

Ferrite Rods 3/6: 6” and 7° complete
with LW/MW Coils. P. & P. FREE.

STRIP LIGHT TUBES 3/9 each.

PRESS BUTTON SWITCHING
UNITS 4 Banks 3/6; 6 Banks 5/6.
P. & P. 1/ Cloth covered. Two tone Blue/Black,

Size 141" x 24" x 81".P. & P. 10/6

DUKE & CO. (LONDON) LTD.

Tel. 01-478 6001/2/3

62]/3 Romford Road, London, EI2

REBUILT TUBES!

YOU'RE
SAFE
WHEN YOU
BUY FROM
RE-VIEW]

HERE IS WHAT YOU PAY:

12in. .. .. £4.150 19in. .. .. £5.15.0
|4in. .. £5. 0.0 2lin. .. .. £7.5.0
1Sin. .. £5. 5.0 23in. .. .. £8.10.0
17in. .. .. £5.5.0 19in. Twin Panel £7.10.0

23in. Twin Panel £10.0.0
Cash or cheque with order, or cash on delivery
Discount for Trade

v Each tube is rebuilt with a completely new gun
assembly and the correct voltage heater.

v Each tube comes to you with a guarantee card
covering it for two years against all but breakage.

v Each tube is delivered free anywhere in the U.K.
and insured on the journey.

v Each tube is rebuilt with experience and know-
how. We were amongst the very first to pioneer
the technique of rebuilding television tubes.

RE-VIEW ELECTRONIC TUBES

237 London Road, West Croydon, Surrey.
Tel. 01-689/7735




MAKES 4 DIFFERENT RADIOS
+ AMPL!FIER Limited Quantity

Amazing Radio Construction set! 39,6

Become a radio expert for 39/6
A complete Home Radio Course. No experience needed.
Parts including instructions for each design. Step-by-step
plan, all Transistors, loud speaker, personal 'phone, knobs,
screws, etc., all you need. Presentation hox nize 147 x 167 x
;] 2" 5{6 extra (parts available separatcly). 8end only 39/8 + 4/6

8¢ yoo @ P. & P. Money back guaarnteed.
.‘%@,q@ REAL WORKING ELECTRONIC ORGAN

ONLY
mouth-organ lype reeds etc. Eight 55,-
months were spent in creating

and testing this superb, revolutionary electronic

organ. Fully transistorized—no valves. Proper self-

contained loudspeaker, Fifteen separate keys span two

Jull octaves—play the “‘Yellow Rose of Texas,” play

“Silent Night,” play “Auld Lang Syne,” play lots and lots of

similar tunes on this real working electronic organ. Although it's

no theatre organ it’s certainly no tiny thing, it measures 133 x 10" x 2}".

Uses standard battery. You have the thrill and excitement of building it togetheu

with the pleasure of playing a real, live, throbbing electronic organ. Take it anytchere—play

it anyohere. NO PREVIOUS KNOWLEDGE OF ELECTRONICS NEEDED—NONE WHAT-

EVER. No soldering necessary. Anyone trom nine years upwards can build it easily in

one short evening following the fully illustrated, step-by-step, simply worded instructiona.

BIG DEMAND ANTICIPATED FOR THIS UNIQUE INSTRUMENT at our low, low price.

ONLY 55/-- + 4/6 P. & P. for all parts, including case, loudspeaker, transistors, condensers,

resistors, knobs, transformers, volume control, wire, nuts, screws, simple (but full) instruc-

tions, etc. etc. (parts available separately). Have all the pleasure of making it yourself,
finish with an exciting gift for someone Money back guarantee.

EAVESDROP ON THE EXCITING WORLD OF AIRCRAFT
COMMUNICATIONS. JUST OUT V.H.F. AIRCRAFT BAND
CONVERTER only 4776

l(’!mmtlen thousands of v.h.t. Aircraft Band Converiors now selling in

A. Listen in to AIRLINES, PRIVATE PLANES, JET PLANES.

Don't confuse with ordinary electric
organa that simply blow air over

sdrop on erciting between pilots, ground approach, ground
condrol, airport tower. Hear for yourself the disciplined voices hiding
tengeness on talk downs. Be with them wiien they have to take nerve-
ripping decigions in emergencies—Tune in to the international distress
frequency. Covers the whole aircraft frequency band including HEATH
ROW- GATWICK, LUTON, RINGWAY, PRESTWICK ETC. ETC. CLEAR
AS A BELL. This fantastic fully transistorised instrument can be built by anyone
nine to ninety in under two hours. (Our design team built four—everyone worked first time).
Vo knowledge of radio or electronics reg . No soldering . Fully illustrated simply
worked instructions take you step-by-step. Uses standard PP3 battery. Size only 43" x
3" x 1§". All you do is extend rod aerial, place cloge to any ordinary medium-wave radio—
(even six transistor portables) NO CONNECTIONS WHATEVER NEEDED. Use indoors or
outdoors. THERE WILL BE ENORMOUS DEMAND FOR THIS NEW DESIGN, SEND NOW.
ONLY 47/8 for all parts, including case, nuts, screwn, wire, ete. ete. (parts available separ-
ately). Money back guarantee.

CONCORD ELECTRONICS LTD. (TV11) 8 Westbourne Grove
London W.2. (Nr. Bayswater tube) » Callers Wel. 9-6 inc. Sat.

REBUILT
TELEVISION TUBES

STANDARD TYPES:

TWIN PANEL or BONDED FACE TYPES:

19" .. £7-10-0 23" ... £9-10-0
Y Complete new gun fitted to every tube.
Y Two years’ guarantee,

% Free delivery by our own transport within 250 miles of
London. Over this distance 15/- extra for carriage and
insurance (Passenger Train).

We have been rebuilding tubes for the past 12 years and
can supply any type including 11", 12", 13", 16", etc, and
colour tubes, Trade enquiries invited.

N.G.T. ELECTRONICS LTD.,
22 Anerley Station Road,

London, S.E.20
Telephone: 01-778 9178

g

Every six months the Navy
needs 175 hand-picked men to
train as its future top
technicians. You could be one
of the next 175. But apply early.
Send now for the free booklet,
all about Artificer Apprentice-
ships. It tells you how the Navy
gives you one of the finest engi-
neering trainings in the world.

And look what it means:
You become the man in charge
of advanced modern equip-
ment in ships, submarines and
helicopters—Tlike electronic
systems, computers, radar, mis-
siles, gas and steam turbines.

In your early twenties you can
be a Chief Petty Officer earning
over £2,000 a year. And there are
very good chances of becoming
a commissioned officer.

17 5 Naval Apprenticeship

97

The Navy gives you a full
4-year apprenticeship at its
own technical schools. There
are plenty of sports and
hobbies too. And, during
training, you get nine weeks’
holiday a year.

Full union status and
O.N.C. ensure you a secure,
well-paid job for life—in the
Navy or out.

You enjoy a life of action—
exciting and adventurous, with
the chance to see something of
the world while you’re young.

FIND OUT MORE. To enter the
Navy as an Artificer Apprenticeyou
must be 154-174 and pass an entry
exam. (With ‘O’ level or C.S.E.
Grade 1 in Maths plus one Science
subject or English Language, you
are exempt from the written part.)
If you're 174-23 you can apply for
a Mechanician prrenticeship.
Post the coupon.

Royal Naval Careers Service
(Apprenticeships) (8206W1), I

I Send for free bOO o Old Admiralty Bulilding, London,

I Name

S.W.1. Please send me full details
without obligation.

Address

Date of birth

(Enquiries from U.K. residents only)

N N N O SEE S em o ROYAL NAVY




98

ELECTRONICS,
AYLESBURY, BUCKS.

SEND S.A.E. FOR LISTS

GUARANTEE
Satisfaction or money
refunded.

GUARANTEED VALVES BY THE LEADING MANUFACTURERS BY RETURN SERVICE
| YEAR’S GUARANTEE ON OWN BRAND, 3 MONTHS’ ON OTHERS

AZ31  10/-|ECF80/2 9/6 ELS03 17/- POCS5  8/6|PY83  10/-|UL4l  11/6|6ARS &8 [6EHT 8/6, 8867 6/6|12BE6  6/6130P18  7/-
AZ50 1%/~ |ECF86 11/ | EL821 11/-|PCCss  14/- | PYs8 8/8|UL84 11/ |6ARS 6/66EI7 7/-!%5837 7/6|12BH7  6/6|30P19  15/-
CBLl  16/- |ECH35 13/6 | ELL80 15/-|PCCS9  19/8|PYS00  0/- | UMSO/4 /- | BABS 7/-\6EW6  18/- | 68K7 6/6{12BY?  10/-|30PL1  15/6
CBL31 17/- | ECH42 13/8|EM34  16/- (PCC18s 1%/8|PZ30 18/ | UY4l /- |6A87G  16)- }em 14/-|68L7GT  6/6|12K5 10/ |30PL13  18/-
cvs1 7/- |ECH81 10/8 [ EM71 - 18/6|PCF80  10/3|QQVO02-6 4%/ | UY8SE 6/9 | 6ATSG 9/- [leFs 8/- | 68N7GT  6/-|12K7GT  7/- | 30PL14 17/
DAF9l  8/8| ECH83  8/- | EM8D 8/~ | PCF82  10/6 |QQV03-10 U5 15/- | 6AUS 5/9 6760 5/- [ 88Q7 8/-112Q7G  5/-{3543  10/-
DAF96  8/8|ECHS:¢  9/6 | EMsl 8/6 | PCF84 / 25/- | U268 165/- | 6AVE 6/- ['e¥11 /6 | 68R7 7/6|128c7  B/-|s5As  1l/-
DFo1 9/- | ECL80 /- | EM84 7/6| PCF88  1%/8|QV03-12 18/-|{U191  14/6|6BA6 9/6 [leF12 4/6 | 6T8 6/6|128G7  7/-|35B5  13/-
DF96 9/- | ECL82 9| EM8? 11/~ | PCF200/1 16/8| R19 13/- | U198 8/8(6BE6  12/- l6F13 7/-|6U4GT 19/6]128H7  5/-|35C5 7~
DESl  11/6| ECL8S  11/6 | EN91 6/6 | PCF801  18/8 | R20 15/-(U301 17/~ |6BHs /6l 6F14 18- | 6US 7/- | 12837 5/-|365D5 13/
DK96  11/6 | ECL86 EY51 8/-|pcrsoz 18/8|sU21504 16/-|W72s  11/-|6BJ6 j6lleFls  11/-[eveaT  6/6|128K7  8/-|3sLeéaT 9/8
DL92 7/6 | ECL L800 80/~ | EY80 9/-|PCF80s 18/-|TT21  48/-|Z759  94/6 |6BK7A 10/- |6F18 8/- | 6X4 5/- | 128L7GT  8/- | 35W4 5/-
DL94 7/6 | EF39 EY81 8/- | PCF808 1%/8 /- | 0A2 /6 | 6BLS /- 6Fa2 8/6|6X5GT  5/6|128N7GT 8/-|35238  1l/-
DL98 9/3 | EF80 /- BY83  11/-|PCF808 13/6 | U18/20 13/6| OA3 9/- | 8BNS 8/6|6F23  15/6|6X8 11/-1128Q7  8/-|3s24¢ "B/~
DM70 6/6 | EFE3  10/- | EY86 8/-| PCH200 14/-|U 8/6 [ 0B2 /6 | 6BNG 8/-|6F24  18/6|6Y6G 18/~ |128R7  6/6|35Z5GT  7/6
DY86/7 8/~ | EF85 EY87 8/6|PCL82  10/8| U265 5/~ | OB3 10/- | 8BQS 5/-[6F25  16/-|7yv4 18)- | 1487 16/-|5oAs  18/-
DY802  8/6 | EFsé  13/3 | EYsS 8/6 | PCL83  18/3| U26 15/- | ocs 7/- |6BR7  16/- | 6F26 7-|9Bwe 8/ |20D1 /- | 5OBS 7
ES5L  55/- | EF89’ - | BZ35 5/6|PcLss  10/8|U31 9/- | ODS 6/6 |6BR8  19/- [6F28  14/-|10c2  10/-|20L1 - | 5 70-
E8RCC  8/- | EF91 /6 | EZ40 9/-| PCL85  10/8| U7 80/- | 3Q4 8/— |6BW6  16/6!6F20 6/6 [ 1001 8/-(20P1 10/ |soLeGT 8/-
E130L  90/- | EF93  10/- | EZ41 9/- | PCL86  10/8 | UB0 6/- | 384 7/- [6BW7  13/9 | 6F30 7/-|10D2 8/-|20P3 12/ |83A 18/-
E180F 19/— | EF93 /8 | EZBO 5/8 18 | U562 8/-|3v4 8/—-| 6BX6 — 9/6 [ 10F1 18/-| 20P4 /- | 86A2 7/8
EABCS0 10/6 | EFo4  15/6 | EZ81 5/6 | PFL200 14/9 | U76 5/-|5R4GY  11/- |6BZ6 /6|6J6GT  6/-[1oFe  10/-|20P5 20/ |90AV  48/—
EAF42 10/- |EF9s  18/6 | EZ90 5/-1PL36  18/9|U78 5/- | 5U4G 6/ | 604 /- | 677 8/6|10F18  8/- |25 9/-|g0Cc1  1%/-
EBC3$ 11/- |EF188  11/8 | GSloC 100/- | PL38 8/-|U191  16/-|5U4GB  7/6 |6C6GT  7/-|6K6GT  10/-[1loLl 8/-|26L6GT  7/6{90CV 85/
EBC4l  9/6 | EF184  7/- | GYs01 16/~ |PL8s1  10/8| U201 7| s5v4a 8/- |6CD6G 28/ [ 6K7 6/6|10LD11  11/-|25Z4G /- |807 9/6
EBC81 6/ | E280F 42/ | GZ30 7/6 | PL81A U281 8/-|5YSGT 6/ |6CA4 5/6 | 6KBG 6/-|10P18  11/-|26Z6GT 10/-|sl1A  80/-
EBCS0  9/6 | EF800  20/- [ GZ31 6/- | pLs2 718 | U282 8/- | 5Z3 9/-|6CA7  10/6|6K23  10/-|10P14  £0/-|30A5 8/- | 8124 /-
EBF80 8/ | EF804 /- | az32 9/6|PL83  10/3|US01  11/6|5z4GT  8/- |6CB 6|6K25  16/-|12AB6  10/- |30AES  8/-[s13 75/-
EBF83  8/- |EF81l 15/~ |GZ33  16/- | PL84 8/3| U403  10/-|6/30L2 16/~ |6CD6GA 23/~ |6L6GT 9/~ |12AC8  7/6|30C1s  15/- |866A  14/-
EBF89 8- |EL34  10/6 (G2Z34  11/-|PL500  16/8| U404 76| 6AB4 6/6 | 6CG7 9/- | 6L7 6/6/124D6  7/6|30C17  16/-|5642 8/
EB91 5/8 | EL36 HE90  6/6|PL04  17/- | U801 - |6AF4A  9/6[6CH6 11/~ |6L18 6/- 12415  8/-|30c18 15/ | 8080 27/6
EC53  10/- | EL41 1/- | HL92 7/~ | PL505 /- | UaBCso 1076 | 6AG7 7/8|6CL6  10/-|6LD20  €/6(12AQ5 8/~ |ggps 17/ |6146 0/-
EC88  18/- |ELe2z  11/6 | HLo4 8/- | PL508 /-|UBPS 8/~ 6AH6  10/-|6CW4 12/6|6N7GT  7/-|12ATs - |30 (07|6l4aB 4776
EC88  18/- |EL81  10/- | KTés  7/8 | PL509 /9 |UBC41  9/9 | 6AT8 5/9 | 6CY5 8/- | 6P1 12/-|124U6  15/- 6267

ECS0 6/ | EL83 8/8 | KTS8  33/- | PL802 17/8 | UCCSs  9/8|6AKS - |8CY? 18/- | 8P25 21/-|12AVe 8/~ |S0FL2  18/6| gg60 /-
EC92 /6 | EL85 8/6 | N78 21/-|PL805  17/8 | UCH42 18/0|6AK6  11/6 |6D3 8/-|gp2s  1g/6|12AV7  9/-|30FL13 10/ |6939 42/~
EC93 9/6 | EL86 8/6 | PABCS0  8/-|PY33 12/6 | UCHS1  10/9 |6AL3 8/6 | 6DC8 13/6| 6Q7 7/6 | 12AX7 6/- | 30FL14 15/6 7199 16/~
ECC81 /- | BL9O /6 | Pcas/s  10/8|BY80 6/6| UCL82  10/3 | 6ALS 8/316DK8  8/6|6R7G 7-|12AY7  13/8 | 30L1 7/-|7360  36/-
ECCs2/3  8/6 P g|BYSL  8/3|UCLSS 1#/816AME  B/-|cp0qp 12B4A 10/~ |30L16  17/~|7586 95/
ECC84/5 8/ | EL9L 5/-| PC3 78| pyso0  8/8| UF4l/2 11/- | 6AM6 4/g | 6DQ! /- | 682 8- /

ECCS8 11/- | EL86 7/- | PCO7 8/8 | pyYsol 8/8 | UF80/5 7/6 | 6AQ5 6/6 | 6D84 16/~ | g84A 11/ | 12BAS6 6/6 | 30L17 17/-| 9002 6/8
ESSCC 18/6 | EL360  928/- | PCCB4  9/3| PYs2 7/- | UF89 8/8/64Q8  10/- '6EA8  11/-!68A7 7/6113BA7  6/6'30P12  16/- 9003 10/~
BRAND NEW - MANUFACTURERS’ MARKINGS - NO REMARKED DEVICES
9N388A  18/6 | 2N2193A 10/- | 2NS0G56 16/ | 2N3854  B/6| 2NG176  9/-) 40315 9/6|AF106  8/6|BCL17  7/8|BCY54  6/6)BF238  6/6|BSX20  3/8
2N404  4/6 | 2N2194A 4/6 |2N3133  6/- (2N384A  5/8|2N5232A 6/ 40316  1g/6|AF1l14  5—|BC118  6/6| BCYs8  4/6| BF257  9/6|B8X21  7/6
9N698  4/- | 2N2217  5/6 | 2N8134 6/ |2N3856  b5/6|2N5245  18/6 | 40317 9/6| AF115  6/—|BC121  4/-|BCY50  4/6| BF224 /6 | BBX26  9/—
2N697  4)- [2N2218  6/6 | 3NS135 6/~ 2N3856A 6/- |2N5246 12/6{40319  18/86| AF116  5/-|BC122 4/~ |BCY60 19/6|BFX12  4/6|B8X27  9/8

2N698 5/ |2N2219 /6 | 3N3138 5/~ |2N3858 6/ |2N5249  18/6 | 40320 9/6|AF117  6/-|BC125 11/-|BYC70 4/~ |BFX1S  4/6|BgX28
2N699  18/6 [2N2220  5/- | 2N3340 10/ |2N3856A 7/ | 2N5249A 18/6 | 40823 6|AF118 12/-|BC126 11/~ BCY7l  8/6 | BFX20  7/-|BSX60 18/6
2N706  8/6 |2N2221 5/ [2N3349 26/~ |2N3858 5/~ |2N5266 65/— 40324  11/6|AF119  4/-|BC134¢ 11/6|BCY72  8/6 | BFX43  7/8|BSX6l 18/8
9N706A  2/6 |9N2222 6/ | 2N3390  7/6 |2N3858A 6/- |2N5266 55/ (40326  19/6 [AF124  4/6 | BC140 /8| BYZ10  5/8| BFX44 7/6| BSX?
2N708  8)- |2N2287 £1/6 | 2N3391  4/- (2N3859  5/8|2N5267  58/6 | 40329 7/-|AF125  4/-|BCl47 /6| BCzZ11  7/8| BFX6s 13/8|BSX77  5/6
2N709  12/6 | 2N2297 /- | 2N3301A 6/- | 2N3859A 6/8| 2N5305  7/6 | 40344 7/-|AF126 4/ |BCl48 /| BD116  £2/6| BFX84  6/- |[B8X78  b5/6
2N718  b/- |2N2368  8/6 | 2N3392  4/-|2N3860 6/ |2N5306  8/- | 40347 8/6|AF127  8/6|BCl49 /6| BD121 18/~ | BFX85  7/-|BSY10  5/8
2N718A  6/- | 2N2369  8/6 | 2N3393  4/-|2N3866 80/ |2N5307  7/8|40348  12/8|AF139  7/6| BOI5Z /6| BD123  16/¢| BFX86 6/~ |BSY1l  5/8
9N726  6/- |2N2369A 4/ |2N3394  4/-[2N3877  8/-|2N5308  7/8 (40360 11/~ |AF178  9/-|BC157  4/-|BD124 18/-|BFX87  6/- |[B8Y24  8/-
2N727 6/ [2N2410 /6 | 2NS402  4/8 (2N3877A 8/ |2N5309 12/6 (40361  12/6 | AF179 9/~ |BC168  8/6|BDISL 19/6|BFX88 5/ | BBY256  8/-
2N914  8/6 |2N2483  5/6 | 3N3403  4/6|2N3900  7/6|2N5310  8/6 40362  18/6 [AF180 1076 | BC159 /~| BD132 19/6 | BFX89 1%/6|BsY26  8/6
2NO16  8/6|2N2484  6/6 | 2N3404  7/6|3N3900A 8/- |2N5364  5/6 | 40370 7/6|AF181  8/6|BC160  1/6) BDY10 87/6| BFYl0  6/6|BSY27  8/8
2N918  6/- |2N2539  4/6 | 2N8405  9/-|2N3901 19/6 |2Ns355  5/6|40408  14/6| AF186  18/4| BC167 /-| BDY11 87/6 | BFY11 /6| BSY28 8/
aN929  4/6 | 2N2540  4/6 | 3N3414 5/ | 2N3903 —|2N5356  6/6)|40408  19/8| AF239 /6| BC188B  2/9|BDY1? 87/6 | BFY17 /6| BSY20  3/8
2N930  b5/6 | 2N2613 7/ | 2NS415  5/6 (2N3004 7/ |2N5365  9/8 (40467  16/8 | AF279 6|BCl68C  8/- | BDY18 49/6| BFY18  6/6[BSY32  &/-
9N987  10/6 | 2N2614  6/- | 2N8416  7/6|2N3905  7/6|2N5366 6/ [40467A 14/6{AF280  12/6| BC169B  2/9 |BDY19 62/6| BFYls  6/8|B3Y¥36  5/-
2N1181 5/6 | 9N2646 11/6 | 2N8417  7/6|2N3906  7/6|2N5367 11/6|40468A 1478 | AFZ11 BC169C  8/-|BDY20 380/6| BFY20 12/6|BaY3?  6/-
2N1132  6/6 (2N2696  6/8 | 2N3439 26/ (2N4068  b5/6 | 2N5457 AC107 - | ABY26  b/-| BC170 /6| BDYS8 19/6 | BFY21  8/6|B8Y38  4/8
2N1302  8/6 |2N2711  6/- | 2N3440 10/6 (2N4059  5/-| 28005 5/-|AC117  18/-|ASY2?  7/6{BC171 /6| BDY60  86/- | BFY24 /- BSY3D 4/
2N1303  8/6 |2N2712 6/ | 2N8570 17/6 |2N4080 5/ |28020  87/6( Aci2e -|AsY28  5/8|BC172 /6| BDY61 36/- | BFY25  5/-|BSY40 /8
2N1304  4/6 |2N2713  B/6 | 2NS572  17/6 | 2N4061  4/6 | 28102 8| ACI127 b/-|ASY29  5/6|BC175 /6| BDY62 27/6|BFY26 4/ |BSY51  6/6
9N1305  4/8 | 2N2714 6/ | 2N3605  b5/6|2N4062  4/6 | 28103 6/6| AC128  4/-|AsYs8  b/-[BCi82  4/8|BFils  5/- | BFY20 10/-|B8Y52  6/6
2N1306  b/- | 2N2865 12/6 | 3N3606  b5/6|2N4244  9/6|28104 6/6| AC154  4/6(A8Y50  b/-[BC183  4/6|BF117  9/6 BFY30 10/- |B8Y5S  7/6
2N1307  b/- | 2N2004  7/- | 3N3607  4/6 2N4245  8/6| 28501 5/6 | AC176 —|ASY51  6/6|BC184  4/6|BF163  7/-| BFY4l 10/ | B8Y5 8/-
2N1308  6/- (2N2904A 8/- | 2N3662  7/8 |2Nd25s  8/6 28502 5/6|AC187  18/6|ABY53  b/- | BC182L  4/- | BF167  5/—|BFY43 12/6 |BBY56  18/-
9N1309 6/ |2N2905 8/ |2N3663  7/8|2N4255  8/6 | 28503 8| AC188 6| ASY54  5/-|BCISBSL 8/6|BF173  6/6|BFYS0  4/6|B8Y78  9/6
9N1507  b5/6 | 2N2905A 9/- |2N3702  8/6|2N4284  8/6|3N83  87/6| ACY1? 5/6|ABY62  b/-|BC184L 4/—|BF177  6/6|BFY51  4/68|BBY79 -
aN1613  5/- |2N2806  6/- | 2N3703  4/6 2N4285 8/8|8N128  18/6| ACY18  5/-|ABY63  3/6|BC187  6/8|BF178  7/-|BFY52  4/6|BSYs2 10/6
9N1631  8/6 | 2N2906A 6/6 | 2N3704  4/6 |2N4288  8/8 |3N140  19/6| ACY1S  bB/-(ASY72  5/-|BC212L  4/6| BF179 14/6| BFY53  4/6|Bsye0 11/8
2N1632  8/6 | 2N2007 8/~ | 2N8705  4/-(2N4287  8/6|3N141  19/6|ACY20 5/~ |ABYS3 6/~ |BC213L b/4|BF180 7/- BFY56A 11/6| B8Y95.
2N1637  8/6 | 2N29023 38/6 | 2N3706  4/6|2N4388  8/6|3N142  19/6|ACT21 6/~ |ASYS6  6/6|BCY10  5/6|BF1s1  6/8| BFY75  6/- | BSW4l  8/8
2N1638  7/6 |2N2924  8/6 | 2N3707  4/-(2N4289  8/6|3N143  17/6|ACY22  4/-|ABZ20  7/8|BCYI2  5/6|BFls4  b/-|BFY76  8/6| B8W70  5/8
9N1639 7/ [2N2925  8/6 | 2N3708  8/6 |2N4290  8/6(3N1s2  22/6|ACV28  4/- |ABZ21  8/6|BCY30  b5/6|BF1s5  8/6|BFY77 11/6DI16P1  7/8
2N1701  88/6 | oN2926 2N3700  3/6 |2N4291  8/8|R.C.A. ACY40  4/-|AUY10 80/-[BCY31 5/6|BFlo4  4/6| BFY90 18/6|D18P2 8/
9N1711 b= | “Green 9/9 |2N3710  4/-|2N4292  2/6|40050  18/6|ACV4l  6/-|BClo7  8/-|BCYS2  7/6|BFis5  5/8| BFW58  5/6|D16P3  7/6
2N1889  6/6| yellow £/6)2N3711  4/-|2N5027  10/8|40250 0/-|ACV44  ©/-(BCI0S8  3/-|BCYS3  4/-|BFios  8/6| BFW59 b5/- | D16P4 8/~
AT o B8 IINITIS B0 | Nooss ojo|dosoe B/ |ADMO  8-|DC03  Sie|bovss  4le|priss 86| oiee O |GETis 8-
9N2147 14/6 | 9N3011  6/- | 2N3714  85/- 30 ~|api4s 116 BPX25 37/- -
2N5030  8/6[40310  11/8 BCl14  7/6|BCYS9  8/6|BF200  7/4 GET114  4/-
aN2148  18/6 {2N3014  6/6 | 2NSB19  7/-|gNs17o  8/- | 40311 9/6 [AD150  12/6(Bo11s  g/8|BCY40  7/6BF224 8- |BEX29 86/~ gpriiz 4/
2N2160 11/6 | 2NS053  6/6 |2N3823  22/6|2aNsi74 10/6 40312  1%/6|AD161  7/8|BC116  12/8| BOY42 3/ |BF225 6/ |BPY10 20/~ GETIl® 4/-
9N2193  9/6 ' 2N3054 11/)- '2N3826  6/- 2N5175  10/6 ' 40314 9/6' AD162  7/6'BCI16A 7/6 BCY43 8- BF237  6/6/BSX19  3/6| GET130 10/6
ADD 5d. PER ITEM FOR POST AND PACKING FOR ORDERS TERMS, CASH WITH ORDER ONLY. POST & PACKING

UNDER 24 PIECES.

PAYABLE ON ORDERS UP TO £6, AFTER THAT FREE

EXCEPT C.R.T.'s.
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SEMICONDUCTORS . STYLH
continued ACOS Sapphire  Diamond GARRARD Sapphi Di
GETSTS /6| NKTTIS B/ GPS9 2/6 7/6 EV26 Stereo .. e e Diapend
GETS80 6/~ | NET781  6/— GP65 2/6 7/6 Ge2 .. . 2/6 7/6
GETS8) 418 | NETI040 o) GPe7 2/6 7/6 Gcs .- 2/6 76
GETG%0  4/6 | NETI043 718 GP73-1 6/6 /6 GCEI2 2/6 7/6
GET896  4/6 | NKT10519 6/6 GP73-2 6/6 9/6 GCs10/i 2/6 7/6
GETS97  4/6 { NKT20329 9/6 GP79 2/6 7/6 GCS10/2 2/6 7/6
GETS888  4/6 | NKT80111 GP8l-1 2/6 7/6 S |—2—3 6/6 9/6
ﬁg}g‘l’ :" NKTBOlmll GP91-1 6/6 9/6 TSI .. 6/6 9/6
o G y GP9I-2 6/6 9/6 152 6/6 9/6
MATI21 6/- [ NET80113 GP91-3 6/6 9/6 TS3 .. 6/6 9/6
Y e O
-3S¢c CMS0 .. 2/6 7/6
e B 18/ HGP37 2/6 7/6 CMé60 zfa 7;6
/8 | NKT80212 MX1 2
MJ440  19/- 18/6 13 7/6
o | Y, Bk Stereo Cs60 e T
— ereo
MI0 20/ | NETs0214 BSRCLET3). . g6 L PERPETU UM EBNER
M9 8 18/6 / / PEISS . 6/6 96
MI1800  43/6 | NETS0215 BSR TC8M 2/6 7/6 PEIOPSh /
MIE340 18 18/ BSR ST8 6/6 9/6
MJE520 17/6 | NET80216 BSR ST9 6/6 9/6 AG30i6 2/6 7/6
MJE521 17/6 18/ BSR ST10 - 9/- AG3063 2/6 7/6
MErI0s 716 | 002y 1o BSR XIM 66 9/6 N g E/8
MPFIO4 76 [OC23 10/ BSR XIH 6/6 9/6 NS o Sle 9/
MPFlos  7/6 | 0C2¢ 118 BSR X3M 6/6 9/6 Byt = 2 76
MPS3638 6/6 | 0C25 10/- BSR X3H 6/6 9/6 RONETTE BINOFLUID
NKT0013 9/8 | 0C26 8/6 BSR X5H /6 9/6 BF40 .. .. .. .. 2/6 7/6
NKT12¢ 8/6 | 0C28 12/8 BSR X4H DC284. . 00 2/6 7/6
NETIZ5 §/6 | 0029 15/ SR X 6/6 9/é SONOTONE
NET126 5/6 | 0C36 8/ 2T 6/6
NKT128 6/8 | Oc36  18/8 . e / 9/6
NET185 5/6 | 0341 4/6 COLLARO i 3T . 6/6 9/6
NETHo 8- |0 - Gollare-Ronee TXE 2e 706 ST o6 o
5 B ollaro-Ronett b/
RETH1 6-|0css g8 Collel SKI .. 2/6 7/6 9TA/HC 6/6 956
ey el He Dual CDS2/CD5S3 (DN2) 6/6 9/6 197 2/6 7/6
NETo14 478 | 061 o8 Dual CDS/320 (DN3) 6/6 9/6 20T 2/6 716
NKT215 4/6 | 0C72 2/6 ELAC KST9 (PEIO) .. 6/6 9/6 The Diamond Tlp is 007 in. radius, thus making
NET216 7/8 | OC74 6/8 ELAC KST9 (PEIB) .. 6/6 9/6 it compatible to play stereo records on mono
gﬁg}; g;_ 83;’2 ﬁg ER5MB .. .. 6/6 9/6 equipment without damage to the record; and
NET223  5/8 | 0077 5/8 ER5MX 2/6 7/6 of course full stereo.
NET224 8| 0G18 8- ERS SB .. 6/6 9/6 BRITISH MADE
NEKT226 4/8 | 0C81 4/~ ER60 Scereo .. 6/6 9/6 EXPORT ENQUIRIES WELCOMED
NET229 6/- [ oc81D  4/-
NET237 7/- | 0css 5/-
NET238 6/- 4 5/-
NET240 b5/6 | OC139 68
i mcs g e 2.1
NET243 18/6 | OC170 6/~ CARTRIDGES B'i’;‘ﬁ s/s 2;7;"
NET244 8/6 | 0C171  8/-
NKT245 4/- | 00200 /6 X3H S/s 27/9
NEKT261 4/- [ 0c201 13 Inc. P.T. X5M . S/S 27/9
NKT284 6/- | 00202 /6 ACOS each X5H S/S 27/9
gﬁgé :/‘ 8%82 /g GP79 .. oo 12/6 SX5M S/S 36/3
Sk it B GP9I-ISC - | 21/~ SXSH s/s 36/3
ETors 4| 0os0s 1378 2- i 179 SX5M D/S 39/11
KT281 4/- | OCPT /6 12- 49 15/6 SXS5H D/s 39/11
NEKT401 17/6 [ P346A [ 50-500 13/6 X4N .. D/s 27/3
g%;igg ig/‘ ;}5343 12/6 GP91-25C oo As above RONETTE
Niriod 198 | minss  ola GP91-35C As above 105 .. §/S 19/10
NET405 15/- | T1845 16 Suitable to replace TC8 ete. 106 .. S/S 19/10
SERn BRI ¢ SRi s DElE 33 1412
N DC400SC S/S /-
e T - s B 2
NKT60SF 878 TI1850 fs GP94-5 36/~ 106 D/s 22/4
NET613F 6/6 | T1851 16 GP95 .. o 24/9 DC400 D/s 16/9
NEKT674F 6/- | T1852 13 GP9% .. .. 31/6 DC4005C D/S 16/9
NET677F 6/~ | T1868 /~ Acos 104 1- 10 41/10 SONOTONE
NET718 5/~ | T1880 e 11- 25 39/9 8TA D/s 25/-
NET717 8/8 | 1ioata 19/8 25- 50 383 9TA .. DJS 35/10
NKT734¢ 65/6 | TIP30A 16/ 51-499 35/5 9TAHC D/s 35/10
NET736 7/- | TIP31A 18/8

CATHODE RAY TUBES

New and Budget tubes made by the leading British manufacturers. Guaranteed for 2 years, In the event
of failure under guarantee, replacement is made withouat the usual time wasting forms and postage expense.

Type New
E 3
MW36-20
MW36-21
MW43-69Z CRM171
CRM172 6/18/-
MW43-80Z CRM173 6/18/—
AW43-80Z CME1702 6/18/-
CM¥1703 6/18/-
CME1706 6/18/-
C17AA 6/18/-
C17AF 6/18/-
AW43-88 CME1705 . 6/12/-
AW47-90
AW47-91 A47 14W 7/18/4
A47 14W CME1601 7/18/4
CME1902 7/18/4
CME1903 7/18/4
. C19AH 7/18/4
A47 13W CME1906 10/5/6
Ad7-1IW CME1905 8/17/8
| A47T-26W CME1905 8/17/8
A47-26W/R  CME1913R  9/6/8

Budget | Type New
2 2
4/10/- | AS0-120W/R  CMEZ2013 10/17/-
4/10/- | AW53-80 8/18/8

AWbB3-88 CME2101 8/18/8
4/18/6 | AW59-90
4/18/6 | AW59-91 CME2308 9/11/8
4/18/8 | ABO-15W CME2301
4/12/6 CME2802
4/12/6 CME2303 9/11/8
4/12/6 | A59-11W CME2305
4/18/6 | A59-13W CME?2306 18/18/-
4/12/6 | A59-16W CME2306 13/18/-
AB59-23W CME2305 12/18/-
5/7/8 | AB9-28W/R 12/18/-
g;;’g PORTABLE S8ET TUBES
T8D217
gg;g TSD282
8/10/- | A28-14W 9/8/4
kTl
?/16/- | CME1601
CME1602

A discount of 10% is also given for the purchase of 3 or more New tubes at any one time.
All types of tubes in stock. Carrlage and ingurance 15/-.

Budget
]

8/6/-
8/6/-

74/~

74/~

10/18/8
10/18/8
10/10/-
10/10/-

6/16/-
8/16/~
Not
supplied
7/16/-
8/-/-

TRANSISTORISED UHF TUNER UNITS
NEW AND GUARANTEED FOR 3 MONTHS
Complete with Aerial 8ocket and wires for Radlo and Allied TV sets

but can be used for most makes.
Continuous Tuning, 80/-; Push Bntton. 100/,
PLUGS
Co-Axial Plugt
Belling Lee (or similar type)

Jack Plugs and Bockets

8tandard Plugs 3/10 1/8

fAtandard Bockets 2/6 Add 8d. per doz. p. & D.
DE BANKS MAGNETIC RECORDING TAPES
POLYESTER
Length 8pool 8ige in. Price
Standard Play
600 tt. 5 10/-
850 tt. 53 18/6
1200 t. 7 14/-
Long Pla;
210 tt. d 3 5/8
450 ft. 4 8/8
900 ft. 5 14/-
1200 tt. 5% 17/-
1800 ft. 77 £20/-
Do‘;l(}wlat Play 5* g;s
1800 . b =
2400 ft. 7 28/
EMPTY TAPE REELS CASSETTES
8in, 1/8 Boxed in Plutle Library Packs
4 in. 1/10 10/6
5in. 2/8 090 12/6
5% in. 2/6 C120 17/6
7in. &7 P. & P. 1/6 on all orders.
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WILLOW VALE

ELECTRONIGS

LIMITED
The Service Department Wholesalers

Compare
e.g. NEW 19" C.R.T's

our prices
OUR PRICE £5_19_0 Plus 12/6 carriage

Please note: Coraponents are gold in packs, quantities per pack SUB-MINIATURE RADIO/TY GLASS
are shown under each heading. Prices are per piece of each I E'LECTROLYTIIQB:S (3's) \/8d ' FUSF? o .
value, mfd v o amp, amp, 2amp, 3 amp.
2mfd 18v. 1/8d. Per dozen 3/0d.
TUBULAR CAPACITORS BIAS ELECTROLYTICS (3':) 4mfd (8v. 1/8d.
o o Rt R
001 400v. 9d. m V. 1/8d. [| 8mfd 8v. o
<0022 600v. : 9d. | 100mfd 25v. (/lid. | 10mfd 18v. 1/8d. MAINS FUSES
<0033 600/1500v. 9d. | 250mfd 25v, 3/0d. || 16mfd 18v. 1/8d. 2 amp, 3 amp, 5 amp, 13 amp.
0047 600/1500v. 9d. | 500mfd 25v. 3/8d. | 25mfd 18v. 1/8d. Per dozen 5/0d.
-0l 400v. 10d. | 1000mfd 12v. 6/0d. || 32mfd i8v. 1/10d.
B eoow Hd: | 2000mid 2. 7/0d: | 106mia i Hiod:
E V. o mfd v, o m V. o
-047 %v. |/(|’d ;.%m(d Bgv. 9§2d. 200mfd 18v. 2/3d. '{ERMINAL STRIPS 234
N} v. 1/0d. mfd 30v. 9/6d. amp .
‘22 600v. 2/0d. | 5000mfd 30v. 10/0d. | THERMISTORS (3's) 5 amp. 2/10d.
-47 600v. 2/10d. | 25mfd 50v. 1/8d. § Miniature 1/6d. 15 amp 5/9d.
-01 1000v. 1/1d. | 50mfd 50v. 2/0d. | THI 2/4d. : .
83.2 :%v : ;ég ;Ogm:d © 50v. 2/gd o
-047 v. . | 250mfd 50v. 3/8d. | RECTIFIERS
2 oo dod | 2006mia  Sov 5/0d. | Silicen Mains (39 st and Twate. TORS
47 1000v. 3/8d. | 2500mfd 50v. 10/6d. | Westinghouse SI0AR2  /6d. | 1y Y0y il L Jies are packed in
001 1500v. 1/6d. = | BY12 Pultard Sod | cartons of s of each value.  Price
SMOOTHING BY327 5/6d. 2/6d. per carton. . e
10 ohm 12K 0K
WIRE-WOUND RESISTORs | ELECTROLY¥TICS . o, 1-5K 180K
() Tofa nded. B0v. wortang. - | coNTACT cooLep FuLL | 13 - 38K 210K
10 watt rating, suitable for mains | .™ ° WAVE 18 . 22K 270K
dropper sections. 3:{3 ;jgg 75ma 12/8d. 22 . 27K 330K
oo e b T wly o
13 m 1/9d. | 16mfd 3/0d. | 150ma 16/8d. % o 43K 470K
25 . 1/94. | 32mid gfgg- I © 47K 560K
5 ficd 72| conxiat pLucs gon g
87 . 1rod: | 81émia 5/0d. | Bakelite top 10d. | e 8:2K ™
100 " 1/9d. | 16/16mfd 5/0d. | Egen metal Va4d | g 10K 12M
" "] 16/32mfd - " 5/0d.'| Single point (car radio) 2/0d. @
150 " 1/9d. 00, 12K 1-5M
20 . 1/9d. ggg%:{g g;gj 120 ., 15K 1-8M
3% = 1154- 1 50/50/50mfd 10/0d. | SLIDER PRE-SETS (3's) B = o iy
1K o0 1/9d. 100K 1/6d 180 " 2K 2-7M
33K . 124 CANNED ELECTROLYTICS 23 ifed: 7 T Fom
47K @ 1/94. | (00/200mfd 12/6d. ¢ B S P
. ;%;;.88::3 :2;83 JACK PLUGS 30 47K 5:6M
PULSE CE;‘{M'CS (3's) 12KV 200/200/100mfd 18/6d. | Chrome standard 4/0d. 470 ,, 56K 6-8M
1900t of 1/14. 1 200/400/32mfd 18/6d. | Seandard 3j0d | %9 -~ oK B:2n
ol 4Tef t1d: | 100730071007 16 18/6d. | 3-5mm. metal sjod. | 9 - o ds
180pf 68pf 1/1d. 100/400/32mfd 18/6d. 820 100K 12M
250pf 1/1d- 1 100/400/64/16 21/0d. 1K 120K e
Tubular type for use in Scan ’ All the above values are available in
correction circuits and Line ?_I: PLUGS (3's) 1/10d both } watt and | watt versions.
Outputs. SKELETON PRE-SETS (3's) 5-:in 2/2d: *Special for Philips TV's:
g.glé Vertical o™ Sockets 1/0d. 8-2M 2-watt, 4/6d. per pack.
CERAMICS (6's) 100K " /4d.
500pf 22pf 8d. | 250K 0 1/4d. | DOUBLE DIODE RECTIFIERS | VOLUME CONTROLS
680pf 47pf 8d. | 500K © 1/4d 3's Standard spindle with flat.
820pf 68pf 8d. | | meg o | /4d. | Bush/Murphy/BRC, etc. Double pole switch 4/7d.
1000pf 00pf 8d. |2 meg 0 |/4d. | Line/frame timebases etc. Without switch 3/6d.
1500pf 120pf 8d. | 500K Horizontal 1/4d. ] 3 leg 6/3d. (One per pack)
3000pf 180pf 8d. | 680V © 1/4d. [ 4 leg 6/3d. || 5K, 10K, 25K, 50K, 100K, 250K, 500K,
5000pf 8d.| | meg ”» 1/4d. | 5 leg 6/3d. § | meg, 2 meg.
RECORD PLAYER CARTRIDGES SERVISOL AND ELECTROLUBE
ACOS: GP67/2g. High gain general purpose Mono 16/8d. PRODUCTS (Nett trade)
GP91/SC. Stereo-compatible replacement 22/0d. || Servisol aeresol can 12/6d. nett REPLACEMENT
g:g:ﬁgg ?‘u;h gain vezsuon of above %;53: glect_ro:uFbe lAz( aerosol I;;gg na:: SYYLI
ereo cartri . ervisol reez . ne
GENERAL PURPOSE REPLA(}:EP;ENT FOR TC8's etc. I No I Snorkel 18/0d. nett = ia
igh gain, plenty of output (Jap d. | Electrolube rease . nett :
Stereo version 37/9d. | Servisol Aero-Clene for tape heads 10/6d. nett
Servisol Aero-Duster 10/6d. nett
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REBUILT AND NEW TUBES—TWO YEARS GUARANTEE l
o A FEW SAMPLE TYPES, REMEMBER WE STOCK EVERY
REBUILT | BRAND NEW S =
| CMEI702, AW43.80, CRMI73, MW43.80, MW4369%,
1" @ £4 14 6 £5 10 0 CRMIT2%, AW43-88, AW43-89, CMEI705, CMEI703, CITAF, &' :
etc, —_—
! ® o
: CME1903, CMEI902, CMEI90], AW47.90, 91, a4714w, | Q
19" @ £4 17 6 £5 13 0 CI9AH, CI19AF, Ci9A. £ 790, AWATIL, Ad7-14w gg:
"z
21" @ £1 50 £8 10 0 CME2IO], AWS3.88, AWS3.89, CRM2II *, CRM2IZ*, MWS3- ‘"h:
z =]
23" @ £7 50 £8 19 0 CME2303, CME2301, AWS59-90, AWS59-91. ::E
LI |
COLOUR TUBES ALL PRICES ARE NETT *NEW ONLY. NO REBUILDS '6 s
PRICES ON TWIN CME 906 CME2306 .
APPLICATION pANELs 197 A47-|3W} £10 1 0 23" LW £16 1 0 = =
EVERY TUBE IN STOCK INCLUDING 12’, 16" PORTABLES, PANORAMA & RIMGUARDS. TERMS: CASH WITH =
ORDER. CARRIAGE ANYWHERE IN GT.'BRITAIN 12/6 per Tube

e.g. New VALVES ... 33% plus 139% plus quantity discounts 6%

RADIO AND TELEVISION VALVES SMALL SELECTION

British made valves normally supplied. EVERY TYPE IN STOCK ’
DY86/7 10/- EY86/7 10/- PCL86 11/4
DY802 9/1 EZ80 10/10 © PD500 317 n n n n

o W
|

EBF80 IO;IO GY501 15/9 PLSIA 14/6 LINE OUTPUT

ECcol 1o pces e res 'The

ECC82 10/0 PCo7 10/i0 PL84 12/8 TRANSFORMERS

2 B 3 &

E -

ECH8! 14/6 PCC88 16/8 PL508 20/4 ALL MAKES SUPPLIED

ECHB4 12/8 PCCBY 13/7 PL509 317

ECLer  (ae  pccsse 19 pval 1010

E

ECL83 13/4 PCF80 174 PYB00 10/10

ECLB4 /e PCF86 137 PY80! |05|o EXGHANGE UNITS AND

= B

EF85 12/8 PCF802 13/7 PY500 20/4

EF86 1874 PCF805 Wil UABCS0 1317 NEW REPLAGEMENTS

S wh By iy o

EFI84 12/8 PCLB2 [1/4 UCL83 14/6 EVERY MAKE SUPPLIED

EH90 13/7 RCL83 13/4 UL4| 14/6 (EXCEPT MURPHY OIL-FILLED)

EL34 10/0 - PCL84 137 UL84 12/8

EYSI 13/7 PCL85 13/7 uYss 9/0

ALL MAZDA/BRIMAR TYPES IN STOCK. R EWI N D S E RV I CE FOR
TRADE & SERVICE ENGINEERS ONLY SUPPLIED OBSOI_ETE MODELS

Cash with order. 10% MAY BE DEDUCTED FROM THE ADVERTISED
PRICES EXCEPT FOR NETT ITEMS, C.O.D., OR TUBES

All orders must exceed £5 in value otherwise postage and packing

AL el T, B (el CEs) GTe [ (it FRAME OUTPUT, SOUND OUTPUT AND
S e G g MAINS TRANSFORMERS REWOUND

LIST. 2/6 in loose stamps, please.

REMEMBER . . . We are the Service department Wholesalers and supply only the Service
Engineers’ requirements and can therefore carry large stocks, and also we know and under-
stand your problems regarding getting the right spares QUICKLY and the RIGHT PRICE.
HOT-LINE ORDERS:LONDON01-5675400-2971.01-579-3582. SOMERSET 045-84-2597

4 %5 THE BROADWAY, HANWELL, LONDON, W.7
Telephones: 01-567 5400  01-567 2971  01-579 3582
and at 42 WEST END STREET, SOMERSET 045-84 2597
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who wants a£2,0 O-i-p.a.
opportunity in the dynamic
new computer industry?

In only 4 weeks you're in — and only
the incredible Eduputer can make it
possible.

Now for the first time anybody can train outside the computer
industry for a lucrative career as a computer operator, with
actual experience on an Eduputer.

Who created Eduputer? The internationally famous company
Programming Science International. They developed it to the
specific requirements of the massive New York city training
board and its practical results have been one amazing success
story. '

We are proud to have been sclected as the only commercial
training organisation permitted to use the Eduputer in the U.K.
Thanks to Eduputer, nine out of every ten can learn to
operate the most advanced computers in only four
weeks. Unlike Computer Programming, no special
educational qualifications and no maths required. Just
you and the incredible Eduputer!

Johs galore! The moment you qualify, our exclusive computer
appointments bureau introduces you to computer users every-
where with good jobs to offer (up to £40 a week full-time, £50
a week as a temporary). More than enough to go round, too—
because 144,000 new operatoss will be needed over the next
five years alone.

This is your big opportunity to get out of a rut and into the
world’s fastest-growing industry. And remember—LCOT is the
only commercial computer school to have Eduputer. It means a
lot to employers.

Telephone: (01) 437 9906 NOW!

Or post the coupon today for full details FREE and without
obligation.

London Computer Operators Training Centre,

B74 Oxford House, 9/15 Oxford Street, London W.1.
Telephone: (01) 437 9906.

127/131 The Piazza, Dept. B74, Piccadilly Plaza, Manchester 1.
Telephone: (061) 236 2935.

Please send me your free illustrated brochure on exclusive
Eduputer “‘hands on” training for computer operating.

Name

Address

Tel:
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PADGETTS
RADIO STORES

OLD TOWN HALL, LIVERSEDGE
YORKS.
Telephone: HECKMONDWIKE 4285

Amplifier Units Type Al4l3. Complete with 5Z4 and 6V6GT
Valves 230/250 Volt 50 cycles Transformer Clean Condition.
Untested 25/-. Carriage B.R.S. 15/-.

Airmileage Units. Complete with 24 Voit Motor and Gears, etc.
Less Relay. Ciean condition. Untested 15/-. Carriage B.R.S. 15/-,
Panel with Two Miniature Relays and One Carpenter Relay
with Base, Ex Units 7/6 post paid.

Panels of Resi s and Cond s. Ex Equipment 8/- per
doz. post paid.

AW 43/80 Tubes. Reclaimed with 6 month guarantee 2§/-.
Carriage IS/-. .

AW 43/88 Tube. Reclaimed with 6 month guarantee £2. Plus
carriage 15/-. MW 43/69 30/-. Plus carriage 15/-.

Speakers P.M. All 3 Ohm perfect condition ex T.V. Sets. Postage
and packing on any Speaker 4/-. 5" Round 3/-, 6 x 4 3/-, 7 x 4
§/-, Slot Speaker 8 X 2} 3/-.

Special Offer. Bush 17" T.V. Sets Series 75. 12 Channel. Complete
and Tested with good tube £6/10/0. Plus carriage and insurance
passenger train G.B. only 35/-. Cabinet condition fair.

Complete untested 17” T.V. Sets 12 Channel 50/-. Carriage £1.
Top Grade Mylar Tapes. 7° Long Play 14/-, 7° Standard 11/6,
5” Long Play 10/-, 5" Standard 7/9. Post and packing on any Tape 1/9.

VALVE LIST EX EQUIPMENT
3 months’ guarantee. Single Valves.
PCC84 — 6

ARPI2 1 5/- | 688 1/6
EB9I  9d. | PCFB0 2/~ | PLBI  4/- | 68W7 2/6
EBFSY 3/~ | PCC89 3/~ | PY8I 1/6 | 6U4  4)—
ECC82 3/- | PCL8S 5/- | PY800 3/6 | 2001  3/-
ECL80 1/6 | PCL84 4/- | PY82 1/6 | 20P1  5/—
EFIB3 3/~ | PCL82 4/- | PY33 5/ || 20P3 2/
EFIS4 3/~ | PCF86 4/ | UI9I  4- | 30PLI 5/-
EY86 4/~ | PCLB3 3/- | 6F23 4/ [  30PI2 46

V30F5T  2/9

X,v IMPORTANT NEW DEVELOPMENT FOR THE
COLOUR T.V. INDUSTRY

SOURCE FILLS AN URGENT NEED

FOR A HIGHLY PORTABLE,

TOUGH, SCIENTIFICALLY DESIGNED
INSTRUMENT AT A LOW ENOUGH

COST 70 ENABLE EVERY SERVICE
ENGINEER TO CARRY ONE.

THE COLOR-TRAK ENSURES
AS-TRANSMITTED' PICTURES

SATISFIED CUSTOMERS

REDUCTIONS IN EXPENSIVE CALL BACKS
USED NOW BY MOST UK BROADCASTERS AS

REFERENCE SOURCE FOR MONITORS.
ILLUMINATE: DB500° o

PEAK WHITE: 21 FT. LAMBERTS] For CoLouR
VOLTAGE: 200/250 OR 110V 60/60HZ

£12 PLUS 5/- P.P.
FROM

FISHER CONTROLS LTD.
BREARLEY WORKS,
LUDDENDENFOOT,
HALIFAX, YORKSHIRE.

OUTOF
GREY-SCALE
TRACKING

OR YOUR RADIO STOCKIST



103

TELEVISION

SERVICING- CONSTRUCTION- COLOUR - DEVELOPMENTS

YOL 21 No 3
ISSUE 243

JANUARY 1971

EXPLANATIONS

This is the first TELEVISION to appear since
our November issue was published on
October 23rd last, so we must start with an
apology to our readers—and also our advertis-
ers and regular contributors—for the loss of the
December issue and the very late appearance
of this one—on the date when normally our
February issue would have been published.
Most of the features in the present issue are
those which would have appeared in the lost
December issue, and all seriesare beingresumed
where they left off, so readers will find no
editorial gaps in the contents of the current
volume. The industrial dispute that lead to the
loss of the December issue and the late
appearance of this one followed the closure of
Fleetway Printers’” Sumner Street works where
TELEVISION had been set for the last two
years or so: we are glad to say that agreement
has now been reached by all the parties con-
cerned. We shall however have to ask our
readers to bear with us a little while longer
while we try to get back to our normal monthly
publishing date.

This month we welcome to our columns a
regular cartoon. Ed Pullin’s ideas and drawings
have amused us greatly and we hope that
readers will find them equally entertaining.

With the publication this month of an article
on Synchronous Detectors we conclude a
group of three articles—the others were PAL
Chroma Detection in the November issue and
PAL Switching Technigues in the October one
—which between them have looked in detail
at the techniques used in the colour signal pro-
cessing sections of a PAL colour receiver. The
aim has been to examine the circuits found in
practice in this crucial part of a colour TV set to
find out exactly what goes on.

Lastly we regret that due to space difficulties
with this issue we have had to hold over the
second part of our feature on Flashover Protec-
tion. This will appear in the February issue
which we hope to ‘publish in about three
weeks’ time. W. N. STEVENS, Editor

THIS MONTH

Teletopics 104
Holography by I. R. Sinclair 106
The Lighter Side Ed Pullin 111

Synchronous Detectors by S. George 112

Versatile |C ‘Scope Preamplifier—Part 2
by Martin L. Michaelis, M.A. 116

Servicing Television Receivers—Baird
620-640 Series by L. Lawry-Johns 119

DX Amateur TV on the 70 cm. Band 122

Colour Receiver Circuits—IF Stages
by Gordon J. King 123

International Broadcasting Convention
1970 by J.I. Sim 126

Band Il Aerial Preamplifier
by Roger Bunney 128

DX-TV by Charles Rafarel 130
Your Problems Solved 134
Test Case 97 138

THE NEXT ISSUE DATED FEBRUARY
WILL BE PUBLISHED FEBRUARY 12

© |IPC Magazines Limited 1971. Copyright in all drawings, photographs and articles published in “TELEVISION is fully protected and reproduction or imlitation
in whole or in part is expressly forbidden. All reasonable precautions are taken by “TELEVISION" to ensure that the advice and data given to readers are reliable.
We cannot however guarantee it and we cannot accept legal responsibility for it. Prices are those current as we go to press. All correspondence intended for the
Editor should be addressed to Fleetway House, Farringdon Street, London, E.C.4. Address correspondence regarding advertisements to Advertisement Manager,
Fleetway House, Farringdon Street, London, €.C.4, Address enquiries about back numbers to Back Numbers Dept., Carlton House, Great Queen Street,

London, W.C.2.
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APPROACH OF VIDEOCASSETTES

As the time approaches when video recordings in
cassette form will be available to the public more
firms are releasing information on their plans and
competing systems. Rank-Bush-Murphy have now
demonstrated—ahead of their original development
schedule—their colour EVR video cartridge player.
Full production of these players at the RBM
Plymouth factory is expected to be in operation by
April and the price will be around the £350 mark.
The cartridges—one hour black-and-white ones and,
later, colour ones—will cost between £20 and £40 and
will also be available for hiring at 30/- upwards.

A key component in the RBM teleplayer, the
scanning light source which illuminates the film and
does away with the need for a pull-down sprocket
system, is the Brimar flying-spot scanner tube type
Q8-100AA. This is a high-precision 3in. c.r.t. which
has been specially developed for the application by

The Brimar Q8-100AA 3in. flying-spot scanner tube developed
for use with EVR teleplayers.

Brimar in conjunction with the EVR Partnership.
The tube is available to the maintenance trade at a
recommended trade price of £30.

A colour videocassette system using magnetic tape
has also now been demonstrated by Sony. The system
is at present designed for use with the US NTSC
system but Sony intend to make their equipment
compatible with the videocassette standard being
established by Philips for use with the European
colour television system. The Sony colour video-
cassette playback units are expected to cost about
£200 and an adaptor to enable off-air recordings to
be made will be about £50. The tape is expected to
cost about £1 a minute’s playing time. The Sony
player can be connected to any standard television
set without the need for modifications to the set and
as it is fully compatible it can also be used with
black-and-white sets. The videocassette has two
sound channels, holding out the possibility of stereo
sound. The system is expected to be available to the
Japanese public this autumn and will later be avail-
able for export. g

In addition the US videotape recorder giant Ampex
has joined forces with a leading Japanese ccnsumer
electronics firm Toshiba to enter this market with a
magnetic tape videocassette system called the “Insta-
vision” system. The recorder/player is claimed to be
the smallest to date and there will be a choice of
players or recorder/players operating on batteries or
mains supplies and in colour or black-and-white.
Standard 1in. tape in a small circular plastic cartridge
4-6in. in diameter and 0-7in. thick is .used and this
is compatible with all other conventional reel-type
recorders using the international type one standard
of the Japanese EIA. Instavision equipment should
be available in the US in mid-1971 and in Europe by
the end of 1971. Prices will be approximately £333
for a monochrome player, £385 for a monochrome
recorder/player or colour player and £416 for a
colour recorder/player.

Thorn have announced that they intend to make
videocassette players to the standards established by
Philips.

The EVR Partnership have concluded licence agree-
ments with the Japanese firms Mitsubishi Electric and
Hitachi Ltd. for the manufacture and distribution of
EVR teleplayers.

NEW SETS

Several new monochrome models have been intro-
duced in the Marconiphone range. These are the
single standard 20in. Model 4807 at £71.14.0d., the
17in. Model 4803 at £61.1.0d. and the 24in. Model
4808 at £79.13.0d. Dual-standard versions are the
20in. Model 4649 at £83.7.0d., the [17in. Model 4661
at £77.3.0d. and the 24in. Model 4668 at £90.17.0d.

A 22in. Korting colour model, the 51675, is being
imported by Europa Electronics Ltd., Howard Place,
Shelton, Stoke-on-Trent ST1 4NW. This model, which
has a recommended price of £309.19.0d., features a
six push-button tuner, slider controls for colour tone
and intensity, brilliance and contrast, and 4-5W audio
output. Telefusion are also to market this set under
the name “Carnival”.

A new battery/mains 13in. portable model from
Hitachi sells at £82. A 26in. colour model has been
added to the Bang and Olufsen range. This, the
Beovision Model 3200SJ, has recommended prices of
£428 with teak finish and £434.10.0d. with rosewood
finish.

Colour receiver deliveries rose to 48,000 last
September, bringing the total for the first nine months
of the year to 306,000. Monochrome set deliveries
also increased in September to 169,000. For October
the figures were 56,000 (colour) and 185,000 (mono-
chrome). US set sales were down 27-:2% (colour) and
10-29% (monochrome) during the first six months of
last year.




HITACHI GET PAL LICENCE

The Japanese Hitachi company has successfully com-
pleted negotiations with the West German AEG-
Telefunken company—the PAL patent holders—for
a licence to manufacture PAL colour sets and is plan-
ning to enter the UK market later this year.

TRANSMITTER NEWS

BBC-1 programmes are now being transmitted at
u.h.f. from four more stations. These are Tacolneston
on channel 62 with horizontal polarisation (aerial
group C), Reigate on channel 57 with vertical polari-
sation (aerial group C), Guildford on channel 40 with
vertical polarisation (aerial group B) and Brighton on
channel 57 with vertical polarisation (aerial group C).
BBC-2 transmissions have now started from Blaen-
plwyf for West Wales on channel 27 with horizontal
polarisation (aerial group A) and Malvern on channel
62 with vertical polarisation (aerial group D).

The ITA’s Sudbury transmitter is now in operation
on channel 41 with horizontal polarisation carrying
Anglia TV (aerial group B).

The French government has decided to create a
third state-run television channel. It is intended that
the third channel, in colour, will start in 1972 and
reach all France by 1975.

The ITA has issued a convenient new fold-out
publication titled “ITA Transmitters—A Pocket
Guide” which provides full data on the ITA Band III
and Band IV/V networks. Copies are available on
request from the ITA Engineering Information Ser-
vice, 70 Brompton Road, London, SW3.

US TV LOSES CHANNELS

The US Federal Communications Commission (FCC)
has announced that due to the expansion of two-way
radiotelephone services the Band 806-947MHz is to
be allocated exclusively to these services. The Band
- previously included TV channels 70-83 (806-
890MHz). These TV channels are at present occupied
by low-power translators (1kW and less) but it was
expected that high-power TV transmitters would open
using these frequencies when the lower channels
became too crowded. As radiotelephone equipment
for these frequencies is not at present available and
will take some time to develop, however, the FCC
has authorised as a short-term solution the sharing by
these services of two lower TV channels—channels
14 (473-5MHz) and 20 (509-:5MHz). This will mean
changing TV station channel allocations in some
areas.

NEW PRODUCTS

The English Electric Valve Co. Ltd. has introduced
a new vidicon camera tube type 7262A for closed-

circuit television systems. This is a short (5-18in.) lin.

vidicon for use in compact monochrome or colour
systems.

Mullard have released three new npn silicon planar
transistors for use in TV receiver video output stages.
They have high collector current and voltage ratings
making them suitable for use in large-screen colour
or monochrome receivers and can also be used as line
output stage drivers. Small heatsinks are required.
The BF336, BF337 and BF338 have maximum
collector-emitter voltages of 180V, 200V and 225V
respectively and use TO-39 encapsulation.

Clayridge Electronics Ltd. (2 Stoke Newington
High Street, London, N16) are now able to supply

A selection of the replacement e.h.t. rectifier trays available from
Clayridge Electronics Ltd.

from stock replacement e.h.t. rectifier trays for sets
using semiconductor e.h.t. multiplier circuits. These
are mainly Thorn/BRC sets and colour sets by the
GEC, Pye and Rank-Bush-Murphy groups.

AERIALS

Antiference have introduced a new high-gain u.h.f.
aerial which they claim combines the performance of
a 2X 18 broadside Yagi array with the advantages
of single-boom mounting. The new aerial, called the
Hi-Gain, has a double director chain with the pairs
of directors mounted in the same plane: the idea is
to avoid the “cross-polarisation effects” which Anti-
ference say can be troublesome with some multi-
director designs because of the mixture of horizontal
and vertical polarisation used in the UK. The director
chain is matched into a patented “Trucolour” dipecle
and the array is completed by a six-element angled
reflector. The aerial has been designed to give even
response, and accurate matching with optimum direc-
tional characteristics throughout the channel groups
—group A, B and CD versions are available.
Recommended retail price is £6. Further details from
Antiference Ltd., Aylesbury, Bucks.

Also now available from Antiference is a new set-
top aerial, the Super Set-Top. This is a Yagi array
with reflector, dipole and three directors and is avail-
able for the aerial groups A, B or CD.

The BBC Engineering Information Service (BBC,
Broadcasting House, LLondon, WI1A 1AA) has issued
an information sheet, No. 4006(2), giving a useful
summary of the facts of u.h.f. TV reception and aerial
requirements and installation.

APOLOGIES TO McGRAW-HILL

We have been asked by the McGraw-Hill Publishing
Co. Ltd. to make clear that the author of their
recently published book Colour Television Theory:
PAL-System Principles and Receiver Circuitry which
was advertised in our last issue, dated November,
1970, is by Geoffrey H. Hutson. The author’s name
appeared incorrectly spelt in our advertisement.

-NEW INDEPENDENT TV COMPANY

The new company resulting from the merger of York-
shire Television and Tyne Tees Television will be
known as Trident Television. The Chairman will be
Sir Richard Graham.
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HoOLOGRAPHY is a term that has suddenly become
very prominent, though the basic idea has been
around for some time. The attractions of holography
lie in the possibilities of storing optical images in a
very compressed form, a form of photography with-
out the use of lenses, and true three-dimensional
effects without the need for viewing spectacles, split
screens or any of the other optical devices which
we have previously associated with 3-D.

A hologram is a recording of an image—as is a
photograph—but the appearance of a hologram is
totally different from the appearance of a photo-
graph just as the appearance of a piece of videotape
is totally unlike the images which may be recorded
on it. A hologram is a coded form of an image and
it is this which makes it of such interest to workers
in TV, because TV is basically concerned with
methods of coding images.
process of scanning is.

The production of holograms has now become
associated with the use of lasers, but the idea of
holography goes back to before the invention of the
laser and holography using sound waves has been
also recently described.

Interference of Waves

Before we can begin to understand holography we
must know something of the waves which produce
the effect, remembering first that the only difference
between the light waves used in holography and
the radio waves with which we may be more familiar
is the difference of wavelength: the waves of light are
of a much shorter wavelength. We can theretore take
the information which we know about one type of
wave and apply it to the other, the only differences
being ones of size.

When waves of the same frequency meet each
other the effect produced depends on the relative
phase of the waves. To make this clearer consider Fig.
1. In Fig. I(a), the two sets of waves coincide, the
peaks of one wave occurring at exactly the same time

[\/\/\/\ Wave 1 [\/\/\/\ Wave. 1

Effect at Effect at

a point a point

in space in space
(a) (b)

Fig. 1: Addition of waves.

3-DIMENSIONAL DISPLAY

This is indeed what the -

as the peaks of the other. The total effect on any
receiver—whether it be the eye for light or a radio
set for its own brand of wave—is of one wave of
double the amplitude, for the amplitudes of waves at
any point in space add simply. In Fig. 1 (b) the two
sets of waves are exactly half a wave out of step,
the peak of one in the positive direction correspond-
ing with the peak of the other in the negative direc-
tion. If the waves are of the same amplitude we
can add the two together at any point in space to
produce zero amplitude.

When two waves of the same frequency combine
then, the resulting amplitude can vary all the way
from the sum of the amplitudes to the difference
between them depending on the relative phase or
position of one wave as compared to the other. If
the two waves have the same amplitude the resulting
amplitude can be anywhere between twice the ampli-
tude of one down to zero, depending on phase. This
effect takes place with all waves, whether electro-
magnetic (radio, light, X-rays etc.) or mechanical
(sound, ultrasonics) but cannot always easily be
observed, particularly with the very short wave-
lengths.

Assuming that we can observe the effect though
we would find that when an object is placed near
a source of waves and a receiver, as shown in Fig.
2(a), so that waves can travel directly from source
to receiver and indirectly to the receiver by being
reflected from the object, the amplitude observed at
the receiver will vary as the object is moved. This is
the principle of the Doppler radar system used by
the police for detecting the speed of cars, for the rise
and fall in amplitude of the received wave takes
place at a speed which depends on the speed of the
object. Old timers may remember the “ Luxembourg
Effect” which was caused by Radio Luxembourg
transmissions arriving here along with a reflection
from the Heaviside layer in the upper atmosphere:
movements of the layer caused periods of complete
fadeout when the reflected wave was completely out
of phase with the normally received one.

Much more important for our purposes is the
effect shown in Fig. 2(b) where the detector is moved
from side to side. As this is done different ampli-
tudes are detected, because the distance travelled by
one wave compared with the distance covered by the
other is changing. The important quantity is the
difference in path length, preferably written as a num-
ber of wavelengths, since we can easily calculate
from this the phase difference between the two sig-
nals. We can then draw a “map” of these amplitudes
in the region around the detector, and this is called an
interference pattern because it represents the amount
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Fig. 2: (a) A moving object gives an interference signal which

varies with time—it is in fact a sinewave. (b) Fixed object but

moving receiver. (c) Pattern of waves picked up by the receiver.

The peak amplitude is usually at the point where the receiver
and transmitter are closest.

of interference between the waves—constructive inter-
ference where the waves add in amplitude, destructive
where they substract. Fig. 2(c) shows the type of
pattern which can be obtained using radio waves.
Incidentally this type of pattern can be used as a
means of measuring distance very accurately if the
distance between two receivers whose signals are then
combined is known. This process is called radio
interferometry and is of very great use to astro-
nomers.

Demonstrating interference Effects

Interference patterns can also be heard. If a
stereo outfit is available the existence of interference
can be convincingly heard if the channels are com-
bined by switching to mono and a single note such as
a tuning signal is fed to both speakers. As the
listener’s head moves from place to place, the sound
becomes alternately louder and softer because of

RLight

Ray of light

Reflection—]
at first
surface

Glass plates
pressed together

{a) (b)

Fig. 3: Newton's rings. (a) Typical pattern seen between glass

plates. (b) The two reflected waves have travelled different

distances and their phase will depend on the spacing between

the plates, which are never truly flat. Perfectly flat plates would

show no pattern. Each space between rings represents a change
of air gap of 50 millionths of a centimetre.
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Appearance of a hologram produced by a set-up as shown in
Fig. 4 when viewed in daylight. (Photo courtesy The Marconi
Company Ltd.)

interference between the two sets of sound waves.
Another feature of interference patteins can also be
observed from this simple experiment. If the note
used is of high pitch (short wavelength) the distance
which the head has to move from a loud point to the
next soft point is small; if the note is of low pitch
(long wavelength) (he distance betwzen the loud and
soft parts of the interference pattern is large. This
indicates that there is more difficulty in detecting the
interference patterns made with short wavelengths
because of the very small distance between the high-
amplitude points and the low-amplitude points.

Thig does not mean that the patterns cannot be
observed with light but it does mean that the cir-
cumstances in which we can expect to find inter-
ference patterns may be more limited. One of these
circumstances is well known to photographers. If
colour slides are being made up by pressing the
film between two plates of glass a pattern of closed
loops looking at first sight like a giant fingerprint
is seen. The same pattern, called Newton’s Rings
(Fig. 3), can also be seen when the flat glass pieces
are pressed together without the film, The pattern
varies as the glasses are pressed together, because
the glass is bending and thus varying the distance
which the reflected light ray has to move. Its
visibility is greatly increased if it is viewed in the
light of a single colour such as the light from a
sodium lamp, This effect again has many applica-
tions in the measurement of very small distances.

Forming Holograms

Holography, first suggested by Professor D. Gabor
of Imperial College London, is a reversible process
of forming an interference pattern of an object.
The process involves using a light source and a
recording medijum, such as a photegraphic plate,
to form the hologram, which can then be recon-
verted to an image by viewing, either directly or by
the use of a screen. The difference between this
process and conventional photography is that no
lenses are used and that the pattern on the photo-
graphic plate bears absolutely no resemblance at
all to the object which has been holographed. Also
unless the light source used has certain features not
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Fig. 4: Creating a hologram.

generally found in conventional sources of light the
pattern is neither obtained nor reconverted. Inciden-
tally it is interesting to note that Professor Gabor
first suggested the process as a lensless method of
recording images so that better X-ray images could
be obtained since we know no way of focusing
X-rays, lenses being useless at the short wavelengths
of X-rays. '

The basic set-up for creating a hologram is shown
in Fig. 4. An object is illuminated by waves from
the source A and the waves are reflected from the
object on to the photographic plate CD. At the
same time waves are also reflected from the mirror
B towards the photographic plate. If the source
of the waves is very small therc will be two distinct

"wave rays reaching every point on the photographic
plate, one reflected from the object and one reflected
from the mirror, These waves will interfere so
that the amplitude of the wave reaching the plate
at any point depends in a complicated way on the
shape of the object. .

The shape of the hologram is totally unlike that
of a photograph. In a photograph, ?light from a
point on an object is focused by a lens so that
it reaches a point on the photographic plate, and
each point of the object focuses to a corresponding
point on the plate. In making a hologram, each
point on the object reflects (more properly, scatters)
waves to all points on the photographic plate, where
they interfere with a “reference wave” coming in a
definite fixed direction from the mirror.

When we look at a hologram in the normal way
we cannot see the image of the object but only a
complicated pattern which might be a giant finger-
print or an entry at an art exhibition. The reason
for this is that the *reference wave” which plays
such an important part in forming the hologram is
missing. A good comparison is with a single-
sideband, suppressed-carrier radio transmission (or
the suppressed-subcarrier colour TV chroma signal).
To receive these correctly we have to supply the
missing carrier in the correct phase and then detect.
Similarly before we can detect a hologram with our
eyes it is necessary to supply the missing *carrier”
wave at the correct frequency and phase. We shall
discuss some of the problems of doing this later.

Characteristics of Holograms

Because each part of the hologram carries infor-
mation about all portions of the object, a hologram
can be broken up into a number of parts each of

which can still be used to reconstruct the. object.
Something must of course be lost and in this case
it is the resolution, but the difference between holo-
gram and photograph is evident. Another striking
difference is- that .the hologram contains information
about the distance of each part ot the object from
the photographic plate and not merely information
about the object’s length and breadth so that holo-
grams are three-dimensiona] in nature.

In photography we can create this 3-D effect
only by taking two photographs from slightly
different positions and arranging that each eye of
the viewer sees a different image. This is a clumsy
process compared with the holographic method
where instead of different viewpoints a reference
beam is directed on the hologram and, as shown
in Fig. 5, the image can be viewed in the normal
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Fig. 5: If the hologram is held in a parallel beam of suitable

waves the interference of these waves caused by the hologram

forms a real image which can be projected on to a screen at

position AB. If instead an observer’'s eye is at position X he will
see the image at position CD.

manner. Further if with a hologram we change
the angle between our direction of viewing and the
reference beam, for example by moving our position,
it is as if we actually change the angle at which
we viewed the original object, the image appearing
to us as if we had been able to turn it, It is in fact
possible to make a hologram which contains all
information on all sides of an object so that rotating
the angle of the reference beam enables us to view
all sides of the image in turn, It is almost like the
dream situation of seeing a photograph of a house
and then without moving looking behind it to see
what the garden is like! Another point about holo-
grams is that the difference between positive and
negative images is unimportant since one can be con-
verted into the other by adjusting the phasc of the
reference wave.

It all sounds 100 good to be true. Take the lens
away from the old Box Brownie, arrange your
scene with a mirror to provide a reference beam,
get a hologram which does not need printing to a
positive and project your image so that moving
the projector’s light position enables you to see the
picture at a different angle! In addition, no dis-
torting lenses and it doesn’t matter if the dog eats
half the picture! It sounds too good to be true
and it is, but the reasons for the impossibility of
the scene just imagined are rather complicated.

Practical Problems

Holography indeed was not a practical proposition
when it was first suggested and is still not practicable
with most light sources, This is the case with most
inventions—the means of making them work not
being available when the idea first occurs. With
holography the snags are the wave sources and




Showing the 3-D nature of a holographic display. The display of a hologram of model soldiers was photographed using a camera
with a small depth of focus, the left-hand photo being made with the camera focused on to the rear plane of the display and the
right-hand photo with the camera focused on the front plane of the display. (Photos courtesy The Marconi Company Ltd.)

the detection of the waves. Since we are going to
combine two sets of waves at the detector it is
important that the sources of the waves should
keep in step. It is equally important that we should
be able to detect the holographic pattern over a
reasonably large area, for though each small area
contains all the information needed the resolution
suffers if the area is too small while if the area is
comparable in dimensions to the wavelength of
the ]v]vaves being used no hologram can be formed
at all.

One method which seems obviously easy is to use
light waves and record on a photographic plate. For
reasons which we shall discuss shortly this has been
possible only recently. Radio waves can be used, but
we cannot conveniently “photograph” radio waves
and it would be tedious to move a receiver over a
large area, noting the wave amplitude and plotting
it at various points, even if we took the sersible step
of using short wavelengths such as 3cm. micro-
waves.

Quanta and Coherence

The apparatus shown in Fig. 6(a) does nct produce
any interference effects with light, the apparatus
shown in Fig. 6(b) does. Early physicists were
puzzled by this difference but accepted that inter-
ference effects could be demonstrated only if a single
beam of light was split into two parts, one being
taken along a slightly longer path than the other
before being recombined to give interference fringes
as they are called. The difference in length between
the paths has to be very small, only a few (up to
50 or so) wavelengths of light. As the wavelength
of light is only 50 millionths of a centimetre this
means that interference effects in light have to be
demonstrated using very small distances indeed, and
this accounts for the usefulness of interference in

the measurement of small distances. Once again
early physicists were puzzled by this: they could
not see why interference effects could not be
obtained using longer path lengths, and their problem
was not solved until much later.

At one time, one reason for the difficulty of
obtaining interference effects from two light sources
was thought to be the bandwidth of the light. White
light consists of a very wide band radiation extend-
ing from around 100 million MHz to 250 millicn
MHz—the bandwith of about 150 million MHz
makes the frequency response of your video ampli-
fier look a bit tame and should increase your respect
for the human eye. It is asking rather a lot that
this huge range of frequencies from two different
light sources should interfere simultaneously, so it
would seem reasonable to try the experiments of
Fig. 6 again with light of a more limited bandwidih
or, as it is more familiarly known, light of a single
colour. When we do this we find that the fringes
produced by the method shown in Fig. 6(b) are
very much more distinct and have a more “focused”
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Fig. 6: Interference is seen only when one light beam is split
into two sections one of which travels farther than the other.
(@) There are no interference effects seen with this set up.
(b) With one bulb and one slit, interference effects are seen.
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Fig. 7: (a) Diagrammatic representation of "‘quanta” or “wave
packets”. Note that the phase usually changes after each
break. (b) Effect of quantum breaks at longer wavelengths
(not to scale).

appearance, but the method shown in Fig. 6(a) still
does not work. Thus another effect must be present.
Though limiting the light bandwidth is not the
answer to the problem it does indicate that our
holograms might have to be made with light of a
single colour if we are to have good resolution of
fine detail.

The “other effect” was not discovered until the
end of the last century. It forms the basis of the
Quantum Theory of Max Planck and .is probably
the most far-reaching theory in all physics. What
it boils down to is that no oscillation is truly con-
tinuous. Instead oscillations stop and start, giving
a broken train of waves as illustrated in Fig. 7. 1t
may seem.odd that this effect was not noticed
earlier, but the breaks are very small and cannot be
observed directly though the effects which we have
mentioned are the consequences of these breaks.

For long waves the gaps are very small compared
to a wavelength and occur between a large number
of wavelengths; for short wavelengths the gaps may
occur several times in the course of a.single wave-
length. In the first case we can observe the wave-
length but we cannot see the gaps bcause they are
so small and infrequent. In the second case we
cannot observe the waves either because we have
no means of doing so. In each case however
Planck’s Theory predicts that the product of the
energy of the wave and the time between the gaps
is a constant (small) quantity now called Planck’s
Constant. This can be measured in a variety of
different ways and appears always to have the same
value.

We can now see why it is not possible to produce
interference between two separate light sources. Each
source is producing pieces of waves (quanta) and
there is no way of ensuring that the phase of one
quantum is the same as the phase of the next—in
fact it is almost certain that there will be some
difference. For long waves this should be less of
a problem since as the gaps are so very small com-
pared to the wavelength the phase differences must
also be small.

The ability of any wave source to produce quanta
whose phase is constant or at least does not vary
too much from one wavelength to another is called
coherence. The longer a wavelength the easier it is
to produce coherent waves and the easier it is to

maintain that coherence over long distances because -

these distances represent only a few waves. For this
reason it is easy to demonstrate interference with
two loudspeakers, for sound waves are coherent over
long distances. On the other hand it is almost
impossible to show coherence in normally-produced
light waves because coherence extending over a few
light wavelengths means that we should be reduced
to an impossibly close spacing of our apparatus.

Enter the Laser

One of the properties unique to the laser as a genera-
tor of light waves is that these are coherent over
an enormous number of wavelengths amounting to
a distance of several metres. This is because of
the way in which the laser generates light. In an
incandescent lamp of the normal type groups of
atoms are oscillating due to the electrical energy
with which the lamp is being fed. There is nothing
to keep the individual oscillators in step, so it is
not surprising that the light is not coherent. In a
laser however the energy fed in (electrical, chemical
or in the form of other light) is used to raise the
electrons of each atom to a higher energy level.
When an electron then returns to its normal energy
level the light emitted can trigger the other electrons
so that the portions of wave are kept in step and
the light emitted is coherent. Because of this the
laser is the ideal source of light for holography.

Applications

Until recently the main applications of laser holo-
graphy bave been in the realms of metrology, the
science of exact measurement. Suppose we have a
manufactured object which has to be made to very
close limits. By using a laser in a holographic set-up
we can make a hologram on film which is a coded
representation of the object. If we keep the object
and its hologram in position and rearrange the laser
and the mirror so that we produce an image of the
object in exactly the same place as the object, then
when image and object coincide exactly nothing
unusual is seen. If however a slight change has
occurred in the object, for example expansion due
to a tiny temperature change, then the image and
object are no longer identical and the object has
interference bands across it. The spacing of the
interference bands indicates the difference in dimen-
sions between the object when it was holographed
and when it was imaged, close spacing meaning large
differences and wide spacing small differences. The
words large and small here mean in comparison to
a wavelength of the light used. )

Using this idea we can measure very small changes
in dimensions such as occur when metals are mag-
netised, and we can make these measurements with-
out any physical contact with the object. We can
also very rapidly check the dimensions of a copy
of the object since any deviation from the dimensions
of the one used to form the hologram will show up.
Laser holography is in this way of enormous value
to industries producing items to very fine tolerances.

RCA Selectavision System

Recently an application of laser holography to
TV was announced. RCA have shown the first
prototypes of their colour TV recording system
which uses the holographic principle as a convenient
way of coding an image. RCA claim that reproduc-
tion of the image can be ‘carried out by a player
whose cost is estimated at about $400 (£170) and
which plugs into the aerial terminal of an ordinary
colour TV fteceiver. This compares very favourably
with even a black-and-white magnetic videotape
player and the amount of tape required for a given
length of programme seems to be smaller.

Few details have been released of the Selectavision




system—as it is called—at the time of writing but
the whole process starts ‘with the production of a
holographic tape. A colour programme, which may
be live or from tape or telecine, is used in the form
of a video signal.
conventional photographic film by means of an
electron-beam recorder, shown in diagrammatic
form in Fig. 8. The electron beam is obtained from
a conventional cathode-ray tube gun but in place
of a screen there is a carrier which winds the film
past the scanning beam in a vacuum. In scanning
Electron beam scans film Take-off reel

T~
[
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Electron gun e
Yoke \CL, pump
Film \Plck-up reel

Fig. 8: Basic outline of an electron-beam recorder.

the film the beam exposes it with an intensity pro-
portional to the amplitude of the signal. If a light
beam scans the developed film the video signal can
be recreated in conjunction with a photocell. The
brightness, hue and saturation information are con-
tained in this video signal and the tube used for
recording needs only one gun and no shadowmask.

The film of the video signal could be used directly
as the recording but film is expensive to copy. If
this were not so it would be cheaper to film the
original programme and sell copies of the film.
Instead it is necessary to turn the film into a form
which can be copied cheaply. To do so a hologram
film is made, using the now-familiar holographic
recording set-up. This hologram is made not on
ordinary film but on a plastic tape coated with photo-
resist—the material used in the production of printed
and integrated circuits. This material hardens when
. exposed to light but can be easily washed off where
it has not been exposed. When the hologram has
been made. the film is washed to remove the
unexposed portions.

Imagine the appearance of this film. The pattern
on it is that of the typical hologram—loops and
lines in perplexing order—but the loops and lines
are raised portions of hard material. We have thus
converted from a light-and-shade image into a high-
and-low hologram in one operation. This is the
holographic master tape and can be reproduced
using the same techniques as used for LP records
which also consist of patterns cut in a suitable
material. The master tape is electroplated with nickel
and the nickel carrying the exact shape of the holo-
grams on the master tape is next stripped off. The
nickel tape can then be laid on a transparent vinyl
tape and the two passed between heated rollers
resulting in a pressed out copy of the original. Since
this is a printing process and can be made continuous,
can operate at high speeds and needs no chemical
processing it is relatively cheap. RCA estimated
that the cost of a 30-minute tape would be about £4
which is very much less than a colour film copy
would cost even in 8mm. stock. Just as with LP
records thousands of copies can be made from one
master.

This video signal is recorded on.
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The problem now 1s to convert trrom the hologram
tape to the video signal and this is the part of the
process about which least has been revealed. If the
tape is reeled past a laser and a mirror in the
standard arrangement for reproducing a hologram,
the image which can be detected will consist of the
original recorded image, that is of light and shade
corresponding to the amplitude of a colour video
signal. 1If the reproducing. beams are arranged to
interfer at the photocathode of a photomultiplier
then the light and shade signals will produce an
electrical signal—the video signal which we want.

This video signal will contain all the information
required to operate a.colour TV set, including the
sync and colour-burst signals, but it will be usable
only if the rate at which it is played back is equal
to the rate at which it is recorded. The playback
system must therefore wind the tape at a reasonably
constant speed equal to the speed with which the
original recording was made, though this require-
ment is not so stringent as that for a videotape
recorder since the hologram is tolerant of mis-
positioning.

More important is the scanning of the tape. If
the laser beam can be scanned the light can be
focused straight into a photomultiplier, as has been
assumed in this description. If the laser beam is
not scanned the scanning must be done by the
pick-up tube, which would presumably be of the
form “of the old-time Farnsworth image dissector
(see Early TV Camera Tubes, PRACTICAL TELEVISION,
June 1969). In either case some form of sync signal
would be necessary so that the scanning keeps in
step with the rate used at the recorder, but again
we would expect this process to be very tolerant of
errors.

The video signal is then amplified and modulated
on to a suitable r.f. carrier so that it can be fed
directly to a colour TV set aerial input socket.

This has not béen the only announced application
of lasers to TV. Others include large-screen colour
TV and also 3-D TV. The Selectavision system
however seems to be the most advanced application
of lasers to TV practice and is certainly the only
application so far of holographic recording. It is
certain that we shall see other applications of this
remarkable method of image coding and decoding.
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MosT colour receivers incorporate four synchronous
demodulators, one to detect the R—Y colour-difference
signal, one to detect the B-Y colour-difference signal,
ong to detect the burst signal and one as a.f.c. dis-
criminator in a flywheel line sync circuit. Thus the
first thing to note is that synchronous demodulators
are not something completely new, though the syn-
chronous detector circuits used in colour television
receiver decoders are rather different from the fami-
liar line sync discriminator circuits. The Philips G6
single- and dual-standard chassis use in addition a
further synchronous demodulator as automatic chro-
minance control rectifier.

Phase-sensitive Detectors

An alternative name for synchronous demodu-
lators is phase-sensitive rectifier and this brings out
the important feature of synchronous detectors, that
they provide an output which is proportional not only
to the amplitude of the signal to be detected but also
its phase at the instant of detection. This means
that unlike a simple diode detector a synchronous
detector will provide either a positive- or negative-
going output depending on the phase of the signal
being demodulated at the instant of detection—or,
more accurately, to the phase relationship between
the signal being demodulated and the reference signal
also fed to the synchronous detector, synchronous
detectors requiring as we shall see two inputs.

This phase-sensitive action is illustrated in Fig. 1.
A sinewave signal is shown at (a) and a simple diode
detector would pass either the positive or negative-
going signal excursions depending on which way
round it was connected. If a synchronous detector
conducts at instants A during each cycle of the sine-
wave it will provide -an output as shown at (b), while
if it conducts at the instants marked B it will provide
an output as shown at (c). These outputs of course
assume that there is no load capacitance in the detec-
tor circuit.

Timed Rectifiers

We have emphasised the instant of conduction.
This is because synchronous detectors are “timed”,
that is unlike a simple diode detector which conducts
on alternate half-cycles of the signal for a certain time
a synchronous detector conducts, as illustrated in
Fig. 1, for a brief, set instant each cycle or half-cycle
(depending on the type of circuit). As a result of this
instead of getting an output which is always either
positive- or negative-going, the output of a synchron-
ous detector is positive- or negative-going as shown in
Fig. 1(b) and (c), depending on the phase of the signal

at the instant conduction. Thus a synchronous detec-
tor rectifies either the positive- or negative-going sig-
nal excursions depending on the point during the refer-
ence signal cycle at which it conducts, the reférence
signal providing the timing action. Fig. 1 (d) shows a
synchronous detector in block schematic form: the
reference signal switches the synchronous detector on
once or twice each cycle to obtain the required out-
put.

Need for Synchronous Detectors .

But why is a phase-sensitive detector necessary for.
demodulating the chroma signal, that is for R-Y
and B-Y colour-difference signal demodulation?

It will be recalled that in colour television the
amplitude of the chroma signal denotes the strength
or saturation of the colour—whether for example it
is pale pink or deep red—while the phase of the
chroma signal denotes the actual colour—red, green,
blue and so on. So in demodulating the chroma sig-
nal we need to extract information on its ampliude
and phase—which a synchronous demodulator does.

To take an example, Fig. 2 (a) shows the basic
B-Y colour-difference signal for the standard colour-
bar test pattern while Fig. 2 (b) shows this signal after
modulation on to its subcarrier. If (b) is demodu-
lated by a simple diode detector we get the signal
shown in Fig. 1 (c). This is plainly very different to
Fig. 1 (a)! And this is because the output of a
simple diode detector tells us nothing about the
phase of the chroma signal.

The important difference between Fig. 1 (a) and (c)
is one of polarity. In Fig. 1 (a) bars 1, 3 and 5 are
negative-going while bars 2, 4 and 6 are positive-
going. In (c) they are all positive-going—which
would give us, to take the first colour bar (we are
ignoring the white and black bars of the actual test
pattern since there are of course no colour-difference
signals during these bars) a blue signal (compare with
bar 6) on the yellow bar when the blue gun of the
tube should actually be cut off, yellow resulting from
a combination of red and green in colour television.

Colour Signal Modulation

Now the modulation system used for the
colour-difference signals indicates to the receiver
whether the detector output should be positive-
or negative-going. This is done by modulating
the chroma subcarrier in both phase and
amplitude, phase as previously mentioned indi-
cating the particular colour and amplitude its satura-
tion. The *“colour clock” diagram shown in Fig. 3
makes this clear. The chroma signal can vary in
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phase from 0°, representing red, at the top, right
round to red again, the various phase positions in
between (360° =one cycle of the subcarrier) represent-
ing different colours. Thus a signal at A, 10° away
from R, would consist of red with a small amount
of blue added, i.e. a variation away from pure red
towards magenta. A signal 225° away from the
reference 0° point brings us into the -B and -R
regions, i.e. here the blue and red guns of the tube
are biased back to give us a yellowish green colour.
At C we've a mixture of equal red and blue giving
magenta while at D we have blue but R is in the
negative region giving us a cyan shade—shown in
this case as being of low amplitude to bring out the
saturation/signal amplitude aspect.

To go back to Fig. 2(b), it will be appreciated that
the phase of the signal on bars 1, 3 and 5 is such that
the signal moves in the —B region of the “colour
clock” while on bars 2, 4 and 6 the phase of the
signal is over on the right-hand side of the colour
clock.

It will be clear now why a phase-sensitive detector
is needed to get (a) instead of (c) in Fig. 2: if our
chroma detector tells us something about the phase
of the signal as well as its amplitude, then we shall
be able to recover (a). And this is where the second,
reference signal input to the synchronous detector
comes in. This input is used to switch on the syn-
chronous detector briefly once or twice (depending on
circuit configuration) each subcarrier cycle to sam-
ple the amplitude and phase of the signal at that

Red
R. A
0 ‘00
Magenta
C
45°
Yellow
-B 270° 90° B Blue
D
135°
225°
B Cyan
Green 180°
-R

Fig: 3: The “colour clock’: the phase of the chroma subcarrier
varies to indicate different colours.
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Fig. 1 (left): Operation of a 1 2 3 4 5 6
phase-sensitive rectifier. The
rectiffer will produce an out-

put as shown in (b) if
switched on at the points 0
marked A during the sine- ]
wave input; if switched on at

the points marked B it will
produce an output as shown

at (c¢). The polarity of the (a)
output thus depends on the
instant at which the rectifier i

conducts during the input e veSig::lse
waveform. In (d) a block

diagram of a synchronous ” +ve phase
detector is shown: the refer- signal

ence signal input is used to
switch on the synchronous
detector which then samples

the signal input providing an
output which depends on the 0 —
phase and amplitude of the
signal.
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Fig. 2 (right): (a) The B—Y
colour-difference signal for
the standard colour-bar test
pattern. (b) The signal shown

(c

)

at (a) modulated on to its 2 E

subcarrier, (¢) Output derived o ¢ § L
i e = Y a =

from (b) by a simple diode O &4 8 &

detector.

instant, the output then being of the correct ampli-
tude and polarity. For this action to be accurate of
course the transmitter subcarrier and receiver refer-
ence oscillator must be synchronised and for this
purpose the colour burst is transmitted once each
line.

To return to the B—Y colour-bar signal shown in
Fig. 2 (a), to obtain correct reproduction we need to
know during each bar the polarity and amplitude of
the signal as indicated by the phase and amplitude
of the modulation. So what we do is to arrange for
our B—Y synchronous detector to conduct briefly
at the 90°, or 90° and 270° points, in Fig. 3, i.e.
on the B—Y axis. It will then tell us once or twice
each subcarrier cycle the amplitude of the B—Y sig-
nal at that point and whether it is of negative or
positive polarity. If.we switch it on on every half-
cycle we must of course invert the output on alternate
half-cycles to get a consistent signal.

Practical Circuits

There are many variations in detail in synchronous
detector design but all those so far used in colour
sets in this country fall into one of four categories:
series-diode bridge, series-diode pair, shunt-diode
pair and triode valve. The series-diode bridge has
till now been most frequently used and was briefly
introduced last month. 1t is shown again in Fig. 4

"(a). When the diodes are non-conducting the chroma

signal is isolated from the load resistor RL and its
associated capacitor CL. A reference signal at sub-
carrier frequency is also however fed to the bridge,
via Tl. Once each cycle the junction of diodes 1
and 2 will be sufficiently positive for them to conduct
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Fig. 4: Four types of synchronous detector: (a) series diode
bridge; (b) shunt diode pair; (c) series diode pair; (d) triode
valve.

and, 180° later, the junction of diodes 3 and 4 will
be sufficiently negative for them to conduct. During
these occasions CL charges to the chroma signal
amplitude—positive or negative with respect to earth.
The diodes are in opposite polarity on alternate halif-
cycles, giving the required signal inversion.

The bridge must of course conduct only briefly on
each occasion—on the negative and positive tips of
the subcarrier signal. With a peak chroma signal of
about 1V a 5-7V reference signal is necessary and
the resistors R ensure that the diodes conduct only
on the peaks of the reference signal input. The
reference signal itself is not wanted of course and is
filtered from the output by the low-pass filter.

Quadrature Detection

Now if there is no chroma signal,«or the chroma
signal is 90° out of phase with the reference signal,
there is no output: the reference signal is filtered out
while if the chroma signal is 90° out of phase with
the reference signal it will be at zero at the instant
when the diodes conduct. This latter feature enables
the detector to discriminate against unwanted cross-
talk between the R—Y and B—Y colour-difference
signals. Although these are separatzad in the PAL
system in the delay-line circuitry, nevertheless slight
unbalance in circuit tolerances may lead to some
B-Y information being present at the input to the
R -Y detector and vice versa. As the R—Y and
B—Y signals are 90° out of phase however unwanted
cross-colour components will be ignored by the
detectors since the reference signals fed to them are
in quadrature—90° apart in phase—and synchro-
nised with the transmitter’s subcarrier so that the
R—Y detector operates on the correct R—Y axis
and the B—Y detector operates on the correct B—Y
axis. A 90° phase shift network is generally incor-
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(d)
porated in the reference oscillator feed to the B—Y
detector in order to achieve the correct 90° phase
displacement between the instants of conduction of
the two colour-difference synchronous detectors.

R-Y Switching

With the R—Y signal we have of course the
further complication that its phase is alternated 180°
from line to line in the PAL system. It will be
appreciated however that this can be adjusted in the
receiver either by shifting the R—-Y signal back
again in phase on alternate lines or by inverting on
alternate lines the phase of the reference oscillator
feed to the R—Y synchronous detector.

Dual-diode Detectors

A shunt-diode pair synchronous demodulator is
shown in Fig. 4(b). Here the previous system has
been re-arranged, the capacitor being in series with
the signal instead of shunting the output while the
active elements are in shunt <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>