Crystal Filter
Design with

Small

Computers

Thinking of making a crystal
filter? This computer program
will provide excellent results.
{t even allows caiculations for
filters that provide large

bandwidths.

By Dr. Ulrich L. Rohde,* DJ2LR

Crystal filters are being used where
superior selectivity is required and the
specific bandwidth may be anywhere from
a few hundred hertz up to 00 kHz.
Crystal filters, as generally offered, are of
the Chebyshey  design,  These  filters,
however, frequently exhibit bad ringing
and wioup-delay distortion. A natural
guestion at this point would be, “*Is there
an alternative and, if so, what is it? [n
answer, this article provides information
on the use of a siall BASIC ¢omputer to
aid in building more suitable crystal
filters. The -actual program is shown,
along with computer results. In addition,
attenuation graphs are provided to il-
lustrate the effects of additional filter
poles. The program is written in such a
wayv that it allows the calculations of
large-bandwidth crystal filters. Such in-
formation has not  been  available
previousiy.

Standard Filter Design

A half-lattice orystal filter with one
crystal appedars in Fig, 1. Filters of this
type have beeo designed into receiver cir-
cuits, but with rather poor results. By
tuning the neutralizing capacitor, CI, a
poie can he moved in order to influence
the bandwidth and the notch depth.

Fig. 2A presents the aitenuation perfor-

5% Hillcrest Dr,, Upper Saddie River, NJ 07458

mance of a single-crystat 300-kHz tilter.
The notch at the vight is set by the
neutralizng capacitor. Attenuation in vx-
cess of 100 dB is possible,

The close-in performance of the single-
erystal filter ¢can be seen in Fig. 2B while
Fig. 2C 1< a graph of the vverall perfor-
mance. [f the pole is removed far enough,
as in Mg, 2C, the selectivity imiproves
greatly on the [eft side and the filter action
becomes svmmetrical. [n reality, though,
such filters do not offer outstanding pey-
formance. Consequently, they are seldom
used today.

A typical ssb filter has a total of six
crystals, How a fifter of this type behaves
is indicated by ¥ig. 2D. In practice, the
ultimate rejection would be iimited to 120
dB.

Crystal filters are found frequently in
up-conversion receivers like the DJZLR
HF-1030. Fig. 2E shows the performance
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Fig. 1 — A halt-lattice crystal {ilter circuit.

rhoto courtesy M-Tran industries, inc.

af a typical circuit of this nature, If the
filter is improperly tuned, a performance

.similar to that in Fig. 2F can be expected.

At times, such an adjustment may be

- useful to suppress a mixing product or an

image if a 60-dB attenuation on the other
side is sufficient.

in practice, we should evaluate those
performances when we are working with a
erystal filter design and then calculate the
parameters of the particular crystal filter
in which we are interested. This can he
done with the aid of the program,

Table 1 contains a Hist of program infor-
mation covering a wide variety of possible
bandwidths for a universal crystal filter.
The basic configuration for such a crystal
filter appears in Fig. 3. [t consists of three
tuned transformers constructed with small
pot cores suitable for high-frequency ap-
plication. A pot core recommended for
this application is Sicmens” type 4.6 X 4.1
(mm}, no. B63495-K0005-A017 for lower-
frequency use. For the region around 10
MHz, the vore taterial K65495-K00016-
AQG] is sutisfactory.’

Computer-Aided Design of a Crystal
Filter

Lines 1 through 20 in the program of

Details on Siemens’ pot cares are found in the
Siemens book. Ferrites Soft-Magnefic Materi-
al Data Book 197980, p. 98, This hook 18
avallable trom the Stemens Corporation,
186 Wood Ave, %, Iselin, NJ 0B830, tel.
201-494-1000,
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Fig. 2 — Crystal filter responses, The amplitude response of the crystal filter in Fig. 1 with C1 set
te generate a pole 500-Hz above center frequency is shown at A. The close-in performance of this
same filter s indicated at B, while the overall response is represented in G. In the latter case, the
pole Is tuned considerably away from the center frequency, At D the amplitude rasponse of a six-
crystal single-sideband filter at 300 kHz. A Chebyshev six-crystal filter at 40.455 MHz is
reprasented by the curve at E. The curve at £ 1s for the amplitude response of a 72.03-MHz crystal
filter with an attenuation pole on the left side.

Table 1 activate the user-definable keys
available on the Tektronix 405!/52 com-
puters, After initiation of the program, it
will start on line 100 and ask whether the
results should be displayed on the screen
or on the printer. Most of the hobby com-
puters on which this program will run
have printer-definable ports that have to
be addressed. The address to which the in-
formation is routed is VS.

In line 200, the computer will ask the
center frequency. In line 230, it will ask
the bandwidth while in line 250 it will re-
quest the crystal inductance.

Fig. ¢4 shows the inductance in relation
to a function of frequency for a crystal
that can be manufactured. The highest
possible inductance for L1 should always
be selected without sacrificing perfor-
mance in a manner that would lead to
spurious response. A minimum Q of
80,000 (100,000 is better) for the crystal is
desired for narrow bandwidths. If you
start building a crystal filter and order the
crystal from a company like Bliley, a firm
experienced in ¢rystal and filter manufac-
turing, you will do well to have them
verify these two parameters,

At line. 260, the computer wiil ask you
far the capacitance of the holder. You can
geperally presume that the HC-18/U
holder is rated at 1.5 pF, with.the larger
HC-6/t unit having a capacitance of 6
pF.

On line 280, you will finally be asked
what filter response you desire. Various
types of responses are available. If selec-
tivity is the prime object, a Chebyshev
filter should be chosen. Where constant
group delay and therefore low fm distor-
tion are required, a flat delay is impor-
tant. For perfect pulse response, either the
linear phase fitter or the Caussian
response should be chosen.

Amateurs who desire additional general
information on filter theory will find
Zeverev's Handbook of Filter Synthesis,
published by John Wiley and Sons, par-
ticularly useful. The ““look-up’ tables 1
refer to in this computer program are
taken from his book. In this publication,
Zeverev briefly elaborates on the dif-
ficulties in building crystal filters that
bave a large bandwidth in comparison to
the center frequency. A typical problem,
for instance, is one concerning a 10- to
20-kHz-bandwidth filter designed for 10
MHz:. Because Zeverev seems fo avoid
giving clear design rules for such filter cir-
cuitry, additional guidelines are peeded.
This is where the computer program filis
in, for it incorporates ithe necessary
“spreading inductance’ which will cure
the problem.

Another good source of general filter
information is the ITT book Reference
Data for Engineers, fifth edition, chapters
7, 8 and 9. Inasmuch as many readers may
be less interested in precise theory, prefer-
ring just to build some filters, none of the
mathematics is repeated. Fig. 5 is a graph




with the different response curves shown
in comparison with each other,

Computerized Tuned-Circuit Information

After you have responded to the query
in the filter program concerning the type
of filter you wish to have, the computer
will use the ““took-up' table as provided
by fine 890 and 1290. The aim of this part
of the program is to calculate the compo-
nent values of lines 330 through 580. You
can delete lings 140 and 390, 4 screen-erase
command for the Tckironix computer.
Lines 600 through &40 transfer the
<characteristic values to the printer or the
screen. Lines 600 to 650 print, respective-
ly, the header, the center freguency, the
handwidth, the inductance, the internal
impedance and the cxternal reference
capacitance. Other information includes
the input impedance that is printed in line
660 with the reguired inductance, the
capacitance in line 700, and the vutput
values in line 670 together with line 710,

Lincs 630 and 690 determine the tuned
circuit for the middle of the range. In
order to obtain the right crystal from the
manufacturer, the four frequencies re-
quired are printed on lines 720 through
7500 A six-digit accuracy is desirable when
these crystals are ordered, Line RO gives
the reference input voltage tor a second
computer program to determine the actual
baud-pass  characteristic,.  Lines 820
through line %40 verity that all tuned cir-
cuits are on the center frequency,

When aligning the Ffilters, do realize
that any mistuning of the input stages will
result in poles as shown in Figs, A, 2D
and 2F. In order to get sharper skirts at
times, it is desirable to use poles like these.
They can always he determined ex-
perimentally, The procedure is to set all
three tuned circuits precisely on the center
frequency with the crystals inserted.

For those amateurs who do not have a
computer, scme calculations of interest
also are shown in the tables. Table 2
shows the Butterworth, Chebyshev, flat-
delay crystal filter, linear-phase crystal
filter and Gaussian response filter for a
250-Hz  bandwidth. The Chebyshev
response should really be avoided becuuse
of ringing. The vptimum choice prohably
is the flat-delay or linear-phase approach.

As we take a look at the filters of Table
2. we see that 9 Mz has been selected for
the center frequency with ¢ 250-Hz band-
width. The present inductance is 200 mH.
All other values are self-explanatory.

My calcufations for sinple-sideband
tilters for both upper and lower sidebands
are shown in Table 2. For perfect low
ciistortion, the flat-delay versions shouid
be preferred.

In cases where further sefectivity is re-
quired, two of those crystal filters can be
cascaded e¢ither directly with a 1-dB
resistive matching pad in between or a
transistor siage with 3 to 4 JB gain and
heavy fecdback. Finally, for those in-

o neT-

Table 1
Wide Bandwidth Filter Design Program

1 GO TO 100
4 RUN 280
8 PAGE
9 GO TO 200
2¢ LIST 1299, 200¢
109 INIT
110 SET KEY
120 DIM G{13)
130 C=""
140 PAGE
150 PRINT "+++ CRYSTAL FILTER PROGRAM ** J__J. "
160 REM COPY-RIGHT RESERVED
17§ REM ULRICH L. ROHDE, PH.D., $C.D.
180 PRINT *DO YOU WANT QUTPUT AT SCREEN (32) OR PRINTER (41)7"
199 INPUT V5
20¢ PRINT “WHICH CENTER FREGUENCY DO YOU WANT?”
210 INPUT FB
220 PRINT “WHIGH BANDWIDTH DO YOU WANT?"
230 INPUT B9
24 PRINT “WHICH INDUCTANGE DO YOU HAVE?"
250 INPUT L
260 PRINT “WHAT HOLDER CAPAGITANCE DO YOU HAVE”
270 INPUT G(@)
286 PRINT "WHICH FILTER TYPE DO YOU WANT, BUTTERWORTH,”
290 PRINT “GHEBYSHEV, FLAT DELAY, LIN. PHASE, GAUSS RESP. (B,C,F.L.G)?”
300 INPUT AS
310 1F AS=""" THEN 1290
320 IF AS=“B" THEN 899
330 IF A% ="C" THEN 97¢
348 1F AS="F" THEN 1059
350 IF A% ="L" THEN 1139
360 IF A% =“G" THEN 1210
370 HETUAN
89 Rg = PIL*BY
399 P = 1/27BR*PI$ 2 F*L)
AP Q= 150008+ BHFO
413 R1 = RE*(K242 + (1/Q1 — QE2101QT = 1/Qf)
A0 R2 = REMK242 + (11Q4 — 1QOF2V(1/Q4 — 11QH)
430 G(1)=CKAK242 + (1/Q1 - 1/Q9)42) — 2*C(9)
440 C(8) = G(1) + 2*C®)
450 GO TO 1908
460 C(2) = CP K242 + {1724 = 1IQH)*2) — 2+Ci9)
470 GUI0) = G2+ 2¥CH9)
480 GO TO 1340
490 CHIN = CIK2 ~ 4*C(9)
500 C3)= ti2*PIFOt 2L 1) + G
510 F1=FQ—BR2«K2+ K1)
520 F2=F§—BHMK2 - K1)
539 F3=F@— BN2*K2 +K3)
540 F4=FQ— BR2wK2 -~ K3}
SO G(d) = 14*PIA2*F1427L)
560 C{5)= 1/4*PI42*F242+1)
570 G(6) = 1/(4*PI42¥F342%L)
580 C(7) = 1/{4*PI42+Fap2+L)
590 PAGE
608 PRINT @VS:FS“J_"
510 PRINT @Vs:Fh= ";F
620 PRINT @v5:“BO= "B
630 PRINT @vs L= "L
649 PRINT V5 “Ri= ";R¢
650 PRINT @vs:"Clh= "Cf
66 PRINT @V5 RIN= "“R1
670 PRINT @V5:"ROUT = "R2
6B0 PRINT @V5:"CK= "C(3)
630 PRINT @ V5 “LK= ":L1
789 PRINT @V5:CSL1,"CiN= "C(12)
710 PRINT @ VE:DS:L2,"COUT = ™G(13)
720 PRINT @Vh:"F1= "iF1
730 PRINT @V5:F2 = “jF2
740 PRINT @Ve:Fi= "F3
750 PRINT @V5:Fé= "F4
760 PRINT q@v&*CS1= C4)
770 PRINT @v5:CS2= 05
780 PRINT @V56:*CS3= ;0i6)
790 PRINT @V56:"CB4= "C(7}
800 V@ ={R1 + RZ¥YR1
810 PRINT @V V= "V
820 WO = 1{2*PI*SQR(LIHTI2) + G
83¢ W1 = THZ*PI*SQR{L2WC(13) + G{20)
840 PRINT @V5:"POLE FREQUENCIES ARE ";W@:* " W1




850 CALL “WAIT" 1
860 PRINT @Vv5:"J J_J__"
70 GO TO 28¢
880 END
a9 Q=199
900 F$="BUTTERWORTH RESPONSE 4TH ORDER CRYSTAL FILTERJ_ "
910 Q1 = 1.0457
920 Q4 =1.0457
930 K1=0.7389
940 K2=05413
950 K3=0.7369
960 GO TO 38¢
979 Qb = 1009
98¢ F$="CHEBYSHEY RESPONSE 4TH ORDER CRYSTAL FILTER 0.01DB BIPPLEL_ I
999 G1=1.8258
1900 Q4= 1.8258
1010 K1 =0.6482
1920 K2 = 0.5446
1930 K3 =0.6482
1040 GO TO 380
1656 Q0 = 1¢08
1068 F$="MAXIMALLY FLAT DELAY 4TH ORDER CRYSTAL FILTERJ__"
10760 01=0.2334
1980 Q4 = 2.2404
1998 K1=25239
108 K2=1.1725
1110 K3 =0.6424
1120 GO TO 38
1130 G = 10d9
1149 £$="LINEAR PHASE 4TH ORDER CRYSTAL FILTER 0.05DEG PHASE ERRORJ. °
1150 Q1 =$.4934
1160 Q4=1.7182
70 K1 =1.632
1180 K2=0.7181
1198 K3 =¢.7391
1200 GO 1O 380
1210 QO = 1¢¢¢
1220 F3 = "GAUSSIAN RESPONSE 4TH ORDER CRYSTAL FILTERS "
1230 O =0.2747
1249 Q4 =0.4483
1259 K1=2.2792
1268 K2={.7553
1279 K3 =0.9896
12B¢ GO TO 289
1299 END
1300 C$ = "TUNED INPUT L1="
1330 CA2=1. BE = 11*1, §E + &FP
1320 L1 = {2 PI*FOA 27 (S12) + SO
1330 GO TC 468
1349 D$="TUNED INPUT L2 ="
1358 GO =1. 0 — 11*1. OF + BiFp
1360 L2 = t(2*PI+*FRA2(C13) + G
1370 GO TO 499
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Fig. 4 — This graph shows the ‘relationship of
inductance and frequency far a particular
crystal selected as a fast example,
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g is «determined trom L4 or L5,

fip = g
- T oblam the value ng let

2 is determined from L1 or 12

Ta obtain the required vilue for na jet "Rout
ng = /-0 T
1 /fﬁ!"r;— 8 = 50 1 4
Ny E feme
VBT 2 For cifterent impedanive, ng and ny mav be changed or
the source on hoard changéd from 50 ohms.
nyg = ng

Fig. 3 ~- A four-crystal filter circuit. The Input and output impedances are determined by the turns
ratio of the input and output transiormers. Also shown are the calculations for this filter.

Fig. 5 — The Bessel, flat-delay and Chebyshev
rasponsas are represented by this composite
graph. The Chebyshev response providas the
steepest skirts, while the Bessel response has
the poorest amplitude curve,

terested  in  constructing a  double-
conversion receiver, the parameters for a
41-MHz crystal filter are provided in
Table 4. Table 5 is a Gaussian response
filter designed for use in a radar receiver,

In Summary

This short presentation on how to
design and build crystal filters with the aid
of a small computer should encourage ex-
perimentation  with  various  types  of
filters. [n the past, wideband filters like
the 72.225-MHz, 31-kHz bandwidth filter
of Table 3 required special computer pro-
grams, Now this unique program can
solve the design problem for an extremely
wide bandwidth range.




Table 2

Calculations for Some Large-Bandwidth Filters

CHEBYSHEV-RESPONSE

MAXIMALLY FLAT

LINEAR PHASE

BIITTERWORTH RESPONSE  FOURTH ORDER DELAY FOURTH-QRDER FOURTH ORDER GAUSSIAN RESPONSE
EOURTH OHDER CRYSTAL FILTER FILTER ORDER CRYSTAL FOURTH ORDER
CRYSTAL FiLTER {#.81dB RIPPLE) {0.05° PHASE ERROR} CRYSTAL FILTFR
Fi= gLl apaeeas Lol o] PEPOND Ll [hlo]
8t = 254 2549 25 on 25
L= 0.2 0.2 0.2 0.2 0.2
A= 157 79632679 157 PTOGA26TY 157.079632679 157 079632679 157.079632679
Gl = 1125790926510 1.125790920F. 19 1.125790320E19 1125790929610 1.128790929E-19
RiN= 176. 770073394 199739282207 688699716617 325896645717 580,476789407
ROUT = 176779873394 199 739282207 1078.92346935 251304525198 387 579899958
CKz 3.856888033E-10 4.855256688E-16 AUBBT12309E1¢ 2.80B8B0945E-10 2 BE1716487E-10
LK= 1,792249344E-6 1.180935302E-6 270624244856 2 AW7155723E-6 2 716479143E6
TUNED INPUT
L= 1.702249344E-6 1.1B0035302E-6 2,706242448E6 240715572368 2.716479143E6
CIN= 1111111119 IRARRERERRTSI) LI E 1111111111819 IRRERERARRENDT ]
L2 = 1,762249344E B 118093530255 1.B53041872F 6 208789192186 2H27R36TTIES
COUT = LTI H1E-19 LT HT1EAD [RERRRREERI-DT: AREERERRERIST ] 111111119
Ei= 8999840 225 BILIEHY.9 8090537.95 BUGYTPE, 2575 AYY9620.6875
Fz= PPEP24.45 aPpeE12.95 00168925 IPPP114.2375 Sdap190.4875
Fi= BOYIBA0.225 8599850 ¢ R9Y9773.1375 BY99517.85 HODTHT BHTS
Fi= apaPp24.45 0PPH12.95 HYY9843, 7575 opegpEz 625 OGN 2875
Cst= 156365403 1E-15 1 bB36SP22E-15 1.563759972E-15 1 BRITOPS9TE-16 1.66473032E-15
CSP = 156359001715 1563504073515 1 563539819E15 1 BBI5SE82E-15 1.563532327E-15
CS3= 1.663654031E-15 1563650322815 {.553677343E-15 1.563661806E-15 1.563674303E-15
Csd= 1 B63SURPITE-15 1.563594$13E-15 1.563621537E 15 1 56359760115 { 5635883I7E-15
V= 2 2 2 B666E94297 1.770RBETA844 1.69151819943
POLE
FREGUENCIES  9dpgdng Ll o) geltolilulod Lol il o) Ellunl]
SepoEna SePoged ety Shddo Lol
Table 3
Single-Sideband Filter Calculations
UPPER SIDEBAND UPPER SIDEBAND LOWER SIDEBAND LOWER SIDEBAND

[ 2 1)

]
n
| a2

C=

RIN=

ROUT =

K=

LK =

TUNED INPUT
1=

CIN=

2w

FOLE
FREQUENCIES

CHEBYSHEV RESPONSE
FOURTH ORDER
CRYSTAL FILTER

##1g8 RIPELE

9ph21.¢0

2199

9.3
197920337176
BY427H4334E 11
215822217917
215.822217917
A62P472927F10
1.611614457EH

1.611014457E6
1.11¢851912E-19
16110144574

1 110851912619
GOGPAAT. 56
GPP2208.78
afippa47 56

AP da. 78
1.042202704E 14
1.641887546E-14
1.442202704F-14
1 041887546E-14

7

o

2PB2100
2002109

MAXIMALLY
FLAT DELAY
FOURTH ORDER
CRYSTAL FILTER

i 100

gl

0.03

197 920337176
8932754334511
06.264311969
733.98082547

1. 836453586E-19
2.754931668E5

2.7540931668E 8
1.110851912E-1¢
FTI138943E5
1.118851912E- 11

HOGB218.76
2093518.97
3900194 355
aPp1543.395
1.0428117415-14
104158433714
104235398914
1.042041682E.14
1 BHSBITOBEOT

agg2 190
aPp2100

CHEBYSHEV RESPONSE
FOURTH ORDER
CRYSTAL FILTER

@.01d8 RIPPLE

FoG79dd

2109

.03
197.920337176

£ .93693393E-11
5821952659
215821952659
3522137182614
1611772269E6

1.611772269E-6

1 11137043 1E-1
1.611772269E-5
1.111370431E-19
BOUBR47 56
3998408, 78
RYLEE47 5B
B998008.78
1.0431 76016514
10428604 16F.14
1.9431765016E- 14
1.042860416E-14

HOY 79100
8997900

MAKIMALLY FLAT
DELAY FOURTH CGRDER
CRYSTAL FILTER

8997900

2100

0.93

197 920337176
£93603393E-11
906,266750613
7343, 9B 26 THBOR
1.837352404E-16
2. 7561043626 6

2.756184362E-5
1.111379431E-19)
1.7 TI960146F -6
111137043 1E-10
#9040118.78
HOY9I18.97
RUGRAY4 355
89971343395
1.043765006E-14
1.9425567A3E-14
1.043327513E-14
1043014668614
1 H998 7488300

HI97R0R
BU97900




Table 4

Calculations tor a Double-Conversion Recsiver 41-MHz Crystal Filter
CHEBYSHEV RESPONSE CHEBYSHEV RESPONSE CHEBYSHEVY RESPONSE

FOURTH ORDER
CRYSTAL FILTER
#8148 RIPPLE

FOURTH ORDER
CRYSTAL FILTER
#8108 RIPPLE

Fip= 4,3455E + 7 41E+7
Bp= 7089 7000
L= [y} 0.0
RY = 219911485751 219.911485751
Ch= 1.78B95746E-11 1.769177415E-11
HIN= 249069542975 240.08611477
ROUT = 240.069542975 240.08611977
CK= 6.609534562E-11 6.511358411E-11
LK= 3.943635932E-7 3.893569691E-7
TUNED INPUT

L= 3.043635932E-7 3.893569691E-7

CIN = 2.471882338F-11 2.43902439E11

L= 3.943635932E-7 3.BU3560691E-7

COUT = 2.471882338E- 11 2.43902439E-11
F1= 4.04508252E + 7 4.09958252E + 7
F2= 4.04553626E + 7 4.10003626E + 7
Fiz 4. 045082528 + 7 4.09958252E + 7
Fd = 4.04533626E + 7 4100036268 + 7
381 = 1548051812515 1.507 165686515
G52 = 1.547704578E-15 1.506832117E-15
Csa= 1548051812815 1.507 165686815
G54 = 1.547794578E-15 1.506832117E-15
V= 2 2
POLE

FREQUENCIES 4.0455E + 7 A1E+7

4.P455E + 7 41E+7

FOURTH ORDER

Table 5 ‘
Calculations for a 31-kHz Bandwidth Filter

BAUSSIAN RESPONSE FOURTH-ORDER
CRYSTAL FILTER ‘

CRYSTAL FILTER
P.d1dB RIPPLE
7.B455E + 7
708

241
219.911485751
1027212746611
241.401505946
241.401505945
3.4B5894436E-11
2.341p824¢095.7

2.3419824¢9E-7

1.419345682E-11
2.341082409E-7

1.419345682E-11
7.04508252E + 7
7.64553626E + 7
7.Q4508252E + 7

7 BABEIE26E 4. 7
5.10349971E-16
5.10284239F-16
5. 1034997116
5.19284239E-16
2

7P455E + 7
TPAB5E + 7

Ff= T2205E 47
s= ITH00
L= 6.013
RO = 1286.0618384
Ch= 1.74(514567E-12
RIN = 4788 47944845
ROUT = 3377.92904618
CK= 7.245912256E-12
LK= 4.438085914E-7
TUNED INPUT
L1= 4.438005914E-7
GIN= 1.384562132E-11
L2= 4.30519567E-7
COUT = 1.384562132E-11
Fi= 7.2177965256 + 7
Fe= 7.224862045E + 7
F3= 7.219795405E + 7
Fé= 7. 222863165€ + 7
CS1= 3.740138126E-16
0s2= 3.732826407E16
C83= 3.738067416E-16
C84= 3.734802759E-16
Vi = 1.705428327
POLE ‘
FREQUENCIES T2225E +7
7.2225E 47

John Schmale, K212, N.Y.C./Lang Island SCM. towers behind members of the Hall of Science
Amateur Radio Club (Queens, New York) after prasenting Public Service Cammendations to many
)i them for their dedicated efforts during the recent Italian earthguake disaster. Glub mermnbers
eceived, relayed, answered or directed more than 1000 messages during the araund-the-clock
peration that lasted nearly two weeks, photn by Fred Kahn, WR2TBC)

FIRE AT SEA

1 East October, the Dutch ship Prinsen-
dam caught fire in the Gulf of Alaska,
and 333 passengers and crew were forced
o abandon ship, Through poor sea condi-
ions, people were lifted by helicopter
rom their lifeboats to the rescue ships,
Alaskan  Amateur  Radio  operators
moritoring the <ituation quickly realized

that their services would be needed.
Health-and-welfare nets were organized,
and liaisons with the Red Cross, Alaska
State Troopers and the Coast Ciuard were
set un.

As the passengers and crew safely ar-
rived on shore, the expected communica-
tions crunch developed. Shiftiag band
conditions were a problem.  Another

obstacle was passing traffic 1o foreign
countries with whom the U.S. had no
third-party agreement, As a result of
autstanding cooperation among amatears
and their good on-the-air conduct, vver
30 pieces of traffic were successfully
passed.  Fortunately, there were no
fatalities during the rescue; the ship,
however, sank, — Don Bush, KL7JIFT

From left to right stand Jack van der Zee, radio
officer of the Prinsendam, Jim Pfister. NGGF,
and David Ring, N1EA, radio officers abnard
the Williamsport, one of the tankars involved in
the rescue effort. Jack maintained vital com-
munications in the smoka-tilled radio room
despite melting cables and dwindling emergen-
¢y power. Providing an assential link in the
communications, Jim and David refayed posi-
tions and estimated time of arrivals and kept
the distress frequency clear. [photo courtesy
David ). Ring Sr.)
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