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ABSTRACT
An automatic control system for‘detection of the nuclear magnetic reson-
ance is described. The system is the combination of the commercially available
instruments and the modular units developed in the Iab. The frequency of interest
is anyvhere between 100 Mhé and 900 Mhz. The range of the frequency sweéping
is determined by the samﬁle under.observation, which is seldomly over 100 Mhz.

The accuracy of the frequency repetition is within 100 Khz.
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INTRODUCTION.

The absofption of energy from an oscillating magnetic field by nuclei
subject to a fixed hagnetic field of a few hundred gauss enable the processional
ffequency and the nﬁclearrg-factor to be‘determined. The combination of per-
turbed angular correlations and nuclear magnetic resonance provide a technique
for investigating hyperfine interactiops in short lived excited nuclear states.

In the experiment to detect nuclear magnetic resoﬁancé, the experimenter
sets two 3-in. X 3-in. NaI(Tl) counters at 180° télrecord the coincidences. The
analyzer is in the multi-scaler mode of operation. Tﬁe sample was polarized in
a strong de field aldng fhe counter axis. Perpendicular to this field, an
‘oscillating field is swept back and forth in a pre-determined freguency range
Tl and f2 by a fixed amount Af in each step. Starting from channel zero, eszch
successive channel in the analyzer corresponds to the incremented freguency.

The freguency of interest is anywhere between 100 Mhz and 900 Mhz depending upon
the Samplé under obgservastion. The swing of the frequency is, however, seidomly
over 1CO0 Mhz:. Resonant absorption is detected by the drop in the coincidence
rate centered at a certain frequency, which is observed as a dip in the analyzer.

In doing this kind of experiment, the frequency was swept manually.

The {ime for each frequency setfing is around five minutes. . Since the'sample
under observation is short lived, the experiment theréfore has to be completed
in a short period of time. One could imagine that it wouid be a painful experi-
ment 1f certain results were to be expected after two days or so. Therefore, it
was urgent that the experiment be automated. This réport is to describe this

auvtomatic control syétem which is now used at LRL Berkeley.
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| THE SYSTEM OPERATION

The block diagram féf the automatic control system ié shown in Fig.vl.
As should be noticed, this system is the combination of the commerically avail-
able instrgments and the modularlunits developed ig the.lab. The’commercial
instruments are briefly described. For more-informaﬁion, the reader_ié:adVised
to look into the catalogs or contact the factories dire.ctly.. Most of the modular
units developed in the lab are presented in the block diagram form and the
operations are described in detail.

First:df all, fhe_éystem Qperation is presented. The initial frequency
" of the power oscillator can be set By adjusting the "DC level" control pot on
the front panel of the step voltage genefator (15X9432) . Tn the initial design
of the ster voltage generator, the output step voltage habpehs to be going dowrn-
ward and then upward; thereféré,bfhe_initial frequéncy"is to be set such that it
is the highest one. The frequehcy counter. displays ﬁhe frequeﬁéy and the H. P.
digital to analog converters pﬁt out a de level proportional to thosg colunmns
which afe:selected by tﬁe colﬁmn:selected by the colﬁmh selec£drs.. The informa-
tion in'column fiygwpf the freqﬁency counter is taken out frbm the fifth column
- board of H P.. 5624 as :ﬁhe' inputs to the DAC sixth column control unit (15%9873) .
The information in the said colﬁmn is used to contrbl the dé level shift when
column six of the frequency counter is éhanged by *1 digit (more details will be
given later). Thfough 2 proportidhél'summing amplifier (19X1952): a dc level
appears at‘the oiherrinput'of thevnuil-deteétor; The iwo-phaée métor ié-turning
in such a difecﬁiom tha£ the ac level_from'the.step voltage_generatorvand that
from the summing ampiifier are to be the same. In the null stéte, the two-

phase motor is stopped and the initial condition is thus set.
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On the front panel of the TIBO'(switch programmed time base oscillétor,
15X9410, has two time bases, i.e. AL, AQ2. See more details on page 5), sup-
pose that theléml time base is set to be five minutes and the AT2 time base is
'set tQ be.15 sec. Let's follow the loop shown in %hebblock diagrém starting
from the TIBO and observe how the system is operating.

Push the "start.push button" to starf the TIBO. After,five minutes /T1
puise is generated and the step volfage'generatof puté out a lower dc 1evél.
Notice that the H;P. printer gate (15X9862) is also executed ét this time. There-
fore, the first frequency is printed by the printér. in the meantime, the'nuil
detector senses‘thevdifference and hence drives the‘twa—phase motor. Through
a directional coupier, the frequency'counter reads thé frequency of the oscili-
lator and generates 1248 positive logic code to the digital to analog converters.
_Therefore, out of the summing amplifier, a dc 1ével in proportion to those digits
selected by the column selectors is shown on another input of the null detector.
The moto; will keep turﬁing until the two inputs of the null detector are balanced.
A new frequency is thus reached. It usually takes about 10-15 sec. One cycle of

operation is complete. Another five minutes later, the same cycle will be executed
and the same process keeps going on. The direction of the motor and hence the
frequency sweeping are controlléd by the step voltage generator. The system

operation can be stopped if TIBO, which is the master of the system, is called to

stop.

DESCRIPTION OF INSTRUMENTS

1. (202 Power Oscillastor
Model C202 high power signél generator is developed and manufactured by

Applied Microwave Laboratory, Inc., Andover, Massachusetts. The C202 covers the
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| frequency range from 150 to‘§5o Mhszith‘the nominal power of 1@0 w‘for the plug
in head that covers frequency frém'l50 to 560 Mhz andn50.W.for the plug in head
that covers ffeéuency f?om 500 to 950‘Mhz.' The nomina;‘power'represents the
maximﬁm.power'available. -Thé averége life.timefof:the poWef tuﬁe in the oscil—

lator is 500 hr for continuous use.

2. 945 Frequency Counter

Model 945 ié a direct ffequency counter. The operation rénge is from
de to L Ghz. The  good feature of this éounter is that in high frequency mea -
suremeﬁt the "direct" couﬁting eliminétes thé ﬁeed_fbf»heterodyﬁe andvtfansfer
oscillators. The 1248 positive ioéic BCD is available at'ﬁhe'back of the instru-

ment. Model 945 is manufactured by Eldorado Electronics.

3. H. P. 562A.Printér with the Digital to Analog Cohverter

This unit is a special order from Hewiett Packard. IFS functions are
to accept the BCD signal from the frequenéy counter, change if proportionally
to a de voltage and print the frequency shown in the frequehcy counter. Tn
the automatic control system déséribéd, the columhs are'selected.to transfer
the information in columns 3, &, and 5 of the frequency counter. The printer
is gated b& tﬁevH. P. ﬁrinfer géte (15%9862) so that it can iny print when the

géte is executed.

4. H. P. 580A Digital %o Analog converter

This is another special order from Hewlelt Pdckard. -Ifs function is to
respond to the BCD signal from the frequencyvcountervand is the Samc as that of
H. P. 562A DAC. However, the columns are selected to transfer the information

in columns 1 and 2 of the frequency counter.
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5. Null Detector

The null detector and the two-phase motor are a part of type G recorder
madg»by Leeds énd Northrgp_Cqmpany. Thelsensitiyity qf yhe nu}l dgtector is
affected 5y several factors, i.e. the noise from ££e summing amplifier and that
of the step voltage generator, and the mechaﬁical efficiency loss when the motor
is driving the shaft of thevfrequency controlkpot in the C202 power oscillator
through a c¢hain of gear links. The noise was found to be approximately 2 mv
(peak to peak). Therefore, it was not surprising that the null detector failed
to respond to the two or three digits change in column 2 of the frequency counter,

which represents 1 mv per digit in the system.

6. TIBO (15X 8410)

This is a switch programmed time base oscillator and was designed. for
use with most of the multi-channel analyzers in the muitiscaler mode of operation.
There are two time béses,‘namely,_éml and AT2. TIBO may be switchedrfrom 10 psec
per channel to 990 sec per channel for 6ne time base. With both time bases used,
the maximum time can be 2 x 990 séc or 33 min per_chénnnel. Wﬁen the automatic
control syshtem is.under operatgon, AT1 time base is usually set to be five minutes
while.AEE timé baée.is set to be 15 sec. in JATMI time, the coincidences are re-
corded in the analyzer through the TIBO. The AT2 time (15 sec) is the time for
the motor to drive to.the next frequency. In this period, the detector pulses
are blocked by the TIBO.l Therefore, no false information would Be collected by
the analyzer. At the end_of_AEE time.bése5 the gaté igs opened and the analyzer

sees the coincidences in the new frequency.
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7. The Step Voltage Generator (l5X9+32)

The step voltage generator 1s essentlally ablnarycount-up and count down
scaler together wlth a diode network and output ampllflers fUnctnonlng as a
‘digital to analog_converter;- The block dlagram is shown in Flg 2.

The binary scaler is ready'to count_up aftervreset (s1nce the output
amplifiers invert the signal out of‘the dlode network; so the actual step .volt-
.age is ready tovgo down). The UP output leg of the 'up and:down control flip—‘
flop (UNCFF)" is at the low state whlle the DOWN output is at the hlgh statev
(see Fig. 2). The sw1tches Sl,-SE, 85, and Sk are_the:_number-of steps»_selection
switches. In Fig. 2 the switches are in»Such'a posinlon.rhatwwhenvthe scaler counts
up to l6 then;w1ll.be21pulse out of "AND gate 2" and hence the UDCFF changes state
From the next pulse on, Lhe scaler will count downward As all the blnarys of
the scaler reach zero state, "AND gate 1" is executed and the UDCFF changes
state again. The scaler is ready to count up when the next pulse comes and the
same precess keeps g01ng on. The dlode network transfers the dlgltal 1niormat10n :
into de voltage which 1n “turn- is ampllfled by the output ampllflers and appears
at the output as the step voltage._ _'. ‘ |

Each tlme when the UDCFF changes state, the pulse formlng networks gener-
ate a bt Hsec pulse which, "after ampllfled by thehoutput ampllfler, serves as the
overflow pulse that resets the address of the analyzer back to channel zero.v,If
the overflow control.sw1tch is in Xl‘p051t10n, the overflow pulse is generated
only when the binary scéaler reaches zero.stane.’"If,the_swltch.is in X2 position,
i.the'overrlowApulse will be generaned bothﬂwhen the‘hlnary‘scaler reaches-zero'
state and‘reaches a srate determined by thewswitches Sl;_S?;;Sj, and sh.

The noise was found.to be approximately é mw:kpeak to peak).out of the

step voltage generator and its de drift is much smaller than the'frequency-drift
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of the oscillator, so it can be neglected. The unit could be reset either by

the front panel reset push button switch or by external positive pulses.

8. The H. P. Printer Gate (15X9862)

.‘ There is an automatic print ébmmand at the end of each count cycle out
of the frequency counter. Since it is impractical to priht thé frequency at the
end of each éount cycle, once for each new frequency is enough. Therefore, the
printer gate is devised in order that tﬁe printer can print only when thé gate
is executed. The block diagram and the timing éequences are shown in Fig. 3.
Terminology such as "positive inhibit“, "scan" are adopted from the operation
manual of H. P. 562A. Referring to Fig. 3, the "positive pulse" comes from
TIBO AT1 pulse which in the system is generated every five minutes.

Thé "positive inhibit" and "scan" come from 5624 digital recorder, which
happen in every count cycle of the frequency counter. They are responsible for
the printing of the recorder. The print commend output is connected to the
clutch sélenoid andigecord switch in H. P. 562A. Normally, if the switch is
closed (which can be done manually), the clutch solenoid is energized every
count cycle and the frequency is thus printed. It is evident that the function
of’the H. pP. brinter gate is to block thé'printing information from going through
unless we desire so, namely, only when ATl from the TIBO is présented.

In the steady state, the output of the flip-flop is high so the AND
gate is closed. However, when the ATl pulse comes to trigger the flip-flop, the ‘
gate is opened. The 25 ms.one shot generates a 29 ms pulse (25 ms is required
because it takes this long to energize the mechaﬁical link in H. P. 562A recorder).
The relay is closed and the freguency corresgponding to‘the time whén ATl isg pre-

sented is printed. Before the 25 ms is terminated, the "scan" is ended inside
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H. P. 562A and is used to generate a suitable pulse to reset the flip-flop. Un-
less there is another ATl pulse to re-trigger the flip-flop, the printer will

not print.

9. The Summing Amplifier (19x1952)

Thé bloék diagram 6f the summing amplifier is shown in Fig. k., The
function of the summing'amplifier'is to amplify the dc voltages from the DACs
and present this_informatioq fo the null de£ector to balance that'of the step
voitage genérator, Thewamplifiers shown in Fig. 4 are Zeltex M141 chopper
stébilized amplifiers. The noise out of the summing amblifier is about 2 mv
peak to peak. The dc drift_of the amplifief is much smaller than the frequency
drift in C202 power oscillator. Tﬁerefore, it can be neglécted and the frequency
from the nominal value can be well tracked.

For the following discussion, £hé reader is_asked to refer to Fig. 5
for clearness. |

The calibrated dc oﬁtput of the H. P. digital to analog COnQerters is
99.9 mv for three columng or 99 mv for the first twq columns. Therefore, the
unit column is 0.1 mv per.digit, the tenth column is 1 mv per digit, and the
hundredth colﬁmn is 10 ﬁv pér digit. The input B of the summing amplifier is
from H. P. 580A.digital.ﬁo analog converter which we select column one and two.
These columns correspond ﬁo the first two columns in the frequency counter (fromv
right to left).'.The_gaih fg; thg input B isvl/lO, fherefore, the first column
corresponds to 0,1 mv péf digit, and the second column corresponds to 1 mv per
digit. The inéut C of the suﬁming amplifier comes from H. P. 5624 in which
colurns three, four, and five are selected. These three columns correspond to

columns three, four, and five of the freguency counter. The gain for the input
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C is 100, s0 column three_correspdnds to 10 mv per digit, column four corresponds
t0 100 mv per digit, column five corresponds to 1 V per digit. For example, if
the frequency counter reads 589.052 Mhz, this is corresponding to 8.9032 V.
Coluﬁn six is ﬁot controlled. As long as the freduency is ﬁithin a hundred Mhz
(the digit in the sixth column of the frequency counter is not changed), for
instance, from 500.000 Mhz to 599.999 Mhz (this is the case when the step voltage
generator sweeps between O.and 9.9999 V) there will be no problem for the balance
of the null detector. Howe&er, if the sixth column does change, for example, if
the frequency range from 560.000 Mhz to 630.000 Mhz is required, the null de-
tector will never find the required frequency range for us. Therefdre, in order
to have the syétem more flexible, the sixth column has to be controlled. The
input A of the swmming amplifier is the key to the problem and will be described

in the next section.

10. .Digital to Analog Converter Sixth Colﬁﬁn Control Unit (15X9873)

There ére several ways fo deal with the'problemvof controlling column
six.‘ One thing that can be done.is to arrange the two digital to analog converﬁs
s0 that one of them-controls columns one, two, and three, and the other_controls
columns four,'five,.and six. One problem quickly arrives that in column six we
are dealing Qith 10 V per digit. In others words, an amplifief with an output
swing of 100 V has to be used. Thigs is impractigal. Should coiumn six be
chosen so thatAit werell V per digit, colunn two would be 0.1 mv per digit. Due
to the noise which is around 2 mv, column two is theh out of control. The
accuracy of the frequency repetition to be within 100 Khz isg not preserved.

(Note that column two corresponds to 10 Khz per digit).
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A.relatively simple way is to add or. subtract lO'V ét a suitabie time -
While ve still trénsferffive colunnsg of digital information into énalog volfage.
Under this condition, column two corresponds to 1 mv per digit so the accuracy; ‘
of 100: Khz-for.the_frequenpy repetition ié pfeser;ed, and the use of'an
amplifier with 100 V swing-is-aVoided.' Vhat we need is an-amplifier ﬁith a 20
V output swing so that we can let the column sixvchange one digiﬁ ﬁiﬁhddt.
affecting the system operation as pointed out before.

The block diagram of the unit that is of interest is shqwn-in Fig. 6.

The inputs to the DAC.sixth eolumn control unit are from the fifth
column board of the digital to aﬁaldg converter (from 5624). After reéet, the
outpuf of the unit is -10'V and is added to £he negative input of thé‘summing
amplifier (note that the step voltage is going downward‘and then upward, S0 |
10 V 1s added initiélly). 'Thereforeg for the frequencj, saj, 630.580 Mhz, this
will correspond to 13.058 V. -

Ag s00n as the fifth columnfofvthe fréquéﬁcy counter changes from 0 tc 9,
the AND gate 2 is executed so the flip-flop changes state and the -10 V are taken

-avdy. On‘the other hand when the fifth coiumn changés from-é to 0, the output
of the AND gaﬁé lffiifs.thé,flip-flbp back to the original state and -10 V are
added again. Therefore, Qe.can‘sweep.the_frequency, for example, from 630.000
Mhz to 580,000 Maz. Of course this unit is éwkwardvif'¢olumn'six has changed
two digits. Fortﬁnately, this is unlikeiy to happen.since'the s&ihg_of,freduency'

never goes over one hundred Mhz.

11. Data Protector -
The nominal useful life of the power tube in the C202 oscillator is

around 500 hrs for continuous use. When the tube is getting old, the oscillator

is 1ikely to be overloaded. If this happens in the middle of the experiment,
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the data invthe analyzer will.be conpletely destrbyed. 'Thenpower tube is usualiy
réplaced every three weeké. However, in orderAto;protect the data in case the
oscillator fails in the milddle of-the experiment, a data protector is developed
such fhat_itvwill stop.thé.TiBO (whichuié tﬁé.conéfol ﬁﬁit in‘the system) remotely.
By observing the schemafic diagram éf the oscillator; it was found that
one side of its power metef is-groundea. This means that a ac voltage exisls
at the other side of fhe meter. When-the oscillator is overloeaded, the power
is then gone and that dc yoltage is therefore QaﬁiShed. The presence or absence
of the dc voltage is used to control a logic circuit which in turn allows or
stops the TIBO. The circuit of the data protector is shown in Eig. 7.
If there is no input, Ql is off and Q2 is on. The relay is energized
and the TIBO is stopped remotely (TIBO is stopped if its "remote stop" has a
Ly input). In case there is a dc input, Ql is on and Q2 is off. So the relay
is not energized and the TIBO is allowed to go. .In other words, as long as the
power osciallator does not fail, the TIBO is allowed to process the Opération
of the system. .Otherwise, the TIBO is called to stop and the‘data in the

analyzer is preserved.

CONCLUSION
The Operationréf the sjstem is quite satisfactory. The accuracy of fhe
frequency repetition is well within 100 Khz. Table 1 shows the typical frequency
sweeping in the experiment. ZEach frequency was set fo be five minutes. Thefefore,
it took about 30 hrs to get these data. The numbers shown in the Table 1 were
the frequencies printed by the H. P. 5624 printer. The number of 616788, for

example, represents a frequency of 616.788 Mhz.
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Table 1
616788 616813 . 616811
615671 615738 615720 -
614622 614671 . . - 614653
- 613533 613569. . 613551
612519 612550 612552
611409 611443 " 611430
610363 610402 - . 610391
609368 . 609403 - 609382
608282 . . 608323 608322
607141 607181 607169
606081 606129 606120
604913 . 605020 605020
603902 604021 604029
602813 - 602833 602843
601781 601800 601792
600721 600761 6007h1
599401 - 599401 599403
598308 598310 598343
597222 597212 597229
596123 596133 596131
595080 595112 595113
595912 593938 593941
592859 592863 592852
591781 591783 591772
590683 590690 590712
589680 589702 589701
588620 588622 - 588650
587453 587463 587518
586470 586471 586473
585381 585383 585383
584313 584322 584333
583203 583248 583220
584328 585310 584339
585383 - 585383 585383
586462 586472 - 586468
587489 587480 587493
588592 - 588628 588629
589681 589680 589691
590691 590683 590689
S59LTT3 591779 591761
592851 592861 592853
593928 593930 593911
595091 595098 595082
596140 596129 506100
597239 597223 - 597211
598342 598329 598311
599420 599409 599399
600683 600638

UCRL-17715
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Table 1 (continued)

601790

602842

6039%2
604940
606129
- 607181
608331
609418

610393

611450
612570
613572
614672
615741
616760
615660
614608
613491
612483
611392
610341
609340
608253
607123
606063
601879
603873
602809
601741
600711
599391
698291
597190
596131
595073
593910
592833
591750
590671
589652
588593
587459
586450
585353
584288
583210
584202
585341
586k22

601781
602829
603918
604931
606111
607161
608313
- 609393
610389
611432
612542
613552
614661
615720
616780
615678
614622
613523
612510 -
611408
610360
609359
608282
607140
606081
604912
603891
602809
601760
600710
599410
598319
597208
596092
595082
593890
592813
591738
590650
589652
588572
587440
586420
585342
584282
583180
584272
585353
586431

601728

602798

603849
604861
605949

607109

608252
609339
610338
611398
612481
615523
61612
615660
6167h2
615641
614582
613480
612470
611781
610%29
609331
608253
607122
606058
604878
603871
602833
601790
600691
599592
598303
597212
596131
595082
5935903
592840
591769
590679
589680
588630
587493
586480
585398

584339

583238
584338
585391

586489

UCRL-17715
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Teble 1 (continued)

587449
- 588563
- 589613
590642

591728

592830
593889
595040

596118

597181
598293
599390
600641
601730
602818
603862
604879
- 605970
607121
608270
609350
610353
611381
612513
613512
614620
615672

587450
588593
589632
590642
591723
592818
593883
595071
596073 -
597163
593281
. 599379
600623
601713
602780
603842
604843
605939
607083
608229
- 609312 -
610311
611372
612460
613470
614582
615648

587508

588582 -
589682

5907153
591791

-.592862
- 593931 -
- 595129

596131
597229
598530
599413
600713
601791

602842 .vv

603923
60943
606123
607172
6083%28

609412 - -
610391
© 611452

612553
613579

614669
615729
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APPENDIX .

‘Procedures to set up the system

1.

2.

3,

10.

Connect the analyzer as shown in Fig,_8,
Connect the automatic control system according to Fig. 1.
For the digital to analog converters, set the_cblumn selector on columns

one and two in H. P. 580A and on columns three, four, and five in H. P.

5624.

Adjust the pover level of the power oscillator.

Select the number of steps requirea'by flipping the switches oﬁ the front
panel of the sﬂép voltage generatér. The ovérflow.toggle.switch shoﬁld

be in X1 position. | | | _ |

Stop TIBO, reset the system by pdshing the.rését bufton on TiBO, on the-.
step voltage generator and:on the digital tb analog sixfh cclumh coﬁtfol
unit.

Adjust the dc‘level potvon the front panel of,the stép voltage generator.
By doing so, the required initial frequengy can be adjusted. The initial
frequenéy has to be started from the'higher:sidé:bf the freqﬁency interval.
Adjusf'£hé"émp1itude control pot on the front panel of the step voltage
generator. This Willtcsntrol the frequenéy step in the eiperiment".(The
amplitude control can also change the dc'lével,'therefore, procédures T
and 8 should be'édjusted hand in hand). | |

Adjust the TIBOfTontbaﬁel time base éwitcheé in ordervtévset'the aesired
A1 and AT2 time bases. Usually AT1 is‘set to bé five minutes and'AEé.

ig set to be.l5 sec. | '
on £hevTIBO, the detector switch for the ATl time base is "yes" and for

the AT2 time base is "no".



A1,

12.
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Start the system operation by pushing the start button on TIBO.

" The system operation can be stopped by pushing-the stop button on the

TIBO or by flipping its "stop at the end of the sweep" switch. By

- doing so the system will be stopped at the end of one sweep.
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