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CHAPTER IV ’ ST

RESULTS AMND DISCUSSIONS

Earih Magnetic Tield

Farth magnetic fiecld in the field in front of the suditorium
of - Chulalengkorn University has been measured. The signal
#as recorded on magnetic tape and displayed on a Tektronix
oscilloscope. Crude visual estimate of signal-to-noise ratio is
7 ¢ 1 at the start of the decay. Typical signal was photographed
by using the Tektronix oscilloscope camera (C-27. Typical decay
curves of free ovrecession signal of protons in water are shown
in Fig.12. Time intervals of 1920 cycles of precession frequency
were recorded, Examples of data arc presented in table 2 and
the reduction of data is shown in tables 3-~7. The mean values of
precession frequency f and earth magnetic field H1 and their
standard deviation shown in table 3-7 were calculated from cach
group of data over one veriod of measurement of approximately
£ min. The plots of the magnetic field on several days aof
measurement are shown in Figs.13-16, The error bar represents
the standard deviation for each group of data. & typical value
of total magnetic field at Chulalongkorn University, Bangkol,
at €.02 p.m. on February 18, 1970, was found to be 041963 *
0.0000% gauss. The value of magnetic ficld obtained is an
average over a period of about one second, therefore variations
in time Ehérter than one second can not be measurcd by this

methed,



4,2 Field Variation

4.3

From Figs.i3-16 we can conclude that earth magnetic field
varies significantly with time. The variation is the order of
a few gammas, Tho valuss of the earth magnetic field between

6 p.m. and 7 p.ti. are different from day to day.

Uneertainty of the Field Measurement

One may dDuEt that the polarizing field will not collapsc to
zero-immediately after switching off the current and thizs would
affect the earth magnetic field measurement. Dy obserwvation
(witk Zener dicde iﬁ switching circuit) of signal output of the
amplifier by oécillnscope when switching the current on or off,
it is found that there is oscillation which dies out in tiue
about £ milisccond., The vpolarizing field then in fact oscillating
down to zerc in time of the order of 2 milisecond, This left—over
rolarizing field iz avoided in the measurement by starting the
measuremant of the tine interval after the 128th pulse, that is
at a tine of avproximately 70 miliscconds after switching off
the polarizing field. Larger fluctuation in the time interwal
readings arc observed when attempt starting before the 10850 pulse,
By startinp the time interval measuremcent aftor the 128th pulse,
the uncertainty of the field measurement due to the left-over
polarizing ficld iz thén lgnored,

The certainty in frequency measurement ( the time interval
mcasurement is to determine the {requency) of an oscillating
signal, decaying with characteristic time TE’ is limited bor

the fact that the decaying sigrnal composes of signal of various



frequencies, The spectrum of frequencies can be found by Fourier
(1) .

transform of the decapyiny signal. The Fourier transform

-t/T

the funntion e  “sin (ot give a distribution of the frequenciss

, ) . 1 _
peaked at LUD with kalf-width Aiv = T about &ﬂf
2
The uncertainty in the fregquency measuremcnt of the decaying
1
afie,
is about 1 second or greater, Then AFf is approximately eaual to

signal is then A& = Hz, In our case the observed T

0.16 Hz, This is the uncertainty in freguency 1786 Hz measurcd
whiah is about Qxﬂﬁnﬁ out of 1. This factor is much more tlan
the error that could be due to the time base which is about
%1077 out of 1 or less,. The corresponding uncertainty in the
magnetic field dus to possible error in frequency measurement is

0,0000% pauss. from the total field of C,4%1963 gauss.
™

Posgible Future Study

with the improvement, this instrument can be used to chscrve
dally variation-in carth's total wmagpetic field which is of
interest, Using the circuits described, s portable instrument
can be constructed, It can e carried by hand for ground SUIVEYE.
Obscrvation of yecarly variation of earth magnetic field can also
be wade by this instrument, It should be intsresting to try to see
if there is any correlation between the variation of the sarth
magnetic field and solar activity and the variations of cosmic

ray intensity,
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Time

18.02

18.05

1508

18, 1¢

Teble 2,
February 18,1970

Fime interwval
of 1920 cyeles

ns
1074, 658
T07h 632
1074 Gho
1074, 548
1075, 612
1074 ,.5273
1074, 629
1074, 618
1074, GO6
1074, 621

1074, 601

1074 ,592
10724 ,625
1074, 605
1074 636
100 606
1074 612
1074 606
1074 600
1074598

1074 .42
1074 ,.614
1074.635
107k, 618
1074 . 620
1074 ,591
1074 608
1074 ,.606
1074608
1074, 609

1074%.595
1074 606
1074 ,598
10724 006
1075 ,583
1074,5838
T074% 611
1074620
1074 ,618
1074 ,576

£ (Hz)

1786, 632
1786, 658
1786,645
1786.532
1786.691
1786,673
1786, 676
786,681
1786,701
1766.676

1786 .66:0 .03

1786.710

1786 ,725
1786 ,670
A786.,703
1786 ,651
1786, 701
1786 ,691
1786, 701
1986, 705
1286,715

1786.70£0.02

1786 ,GEO
1766,688
1786 .65%
1786 .681
1785 ,678
1786.726
T786.698
1986, 701
1706658
19286 . 596

1786.6940,02

1786, 720
1786, 701
1786.715
178G, 701
1786. 740
1786 ,734
1786663
1786 .678
1786 .,681
1706, 751

1236.7140 .02

36

}L#Gamma}

41863, 359
+1963, 370
L1g63%, oAb
L1963, 359
L1964, 765
hagbl, 522
41964, 393
L1464 ,510
Y1964, 080
H1964, 353

h1geh 2 0,6

41955.19%
41965.543
4196y, 52
41965.027
41964980
41964, 745
51964, 980
G065, 0740
41965, 309

419531@¢G.

b1%64,017
L1964 674
41963.552
£1564,510
L1964 . 40
41965.507
b1964.5909
§1960 960
L1364 ,909
41964 862

LAG6H 740, 6

L1965.426
41964 .,550
41965, 309
41964 .950
L1965.8%6
41965,684
b1o6h. 7492
G1O64 400
41964 .210
L1566, 155

WA

41965.22 0,6



Time Time interval f{H=] H1{Gamma}

of 1920 cycles
- (o)

18,15 1074,651 1766 ,.626 419634218
1074 .639 1736.653 L1963,852
1074635 17564653 51663,852
1074 ,617 1786 .683 41954 ,.557
1074 ,623 1766675 41564 ,.322
108,619 1786 .680 41964 437
1074 646 1786 .635 49963 ,430
1075 642 1786 .64 41963,571
1&?ﬁ.613 1?36.583 ?1923.55?
1074 .62 1786 .6721 1 1aEL , 2

4 1g82.% 0,02 7 k136#.033.5

18,17 1074 644 1786 .635 41563 ,430
1074 .610 1986575 1964 ,839
1074, 629 1786 663 h1964,087
1074 628 1786 .665 Y196k 134
1074 ,636 1786 .651 41963 ,805
1074 ,621 1786 676 41964%,393
1074 .619 1766 680 41064, 487
1074 ,63% 1786 .646 b1963 .68
1074 636 1786 ,651 41953 ,805
107h 624 1786671 h196h.2?5+

1986.66 *0.02 419641 —g.l

18.21 1074 .656 1786 .618 419¢3,0320
1074 ,650 1786 .628 41963.265
1074 .653% 1786.623 41963, 148
1074 678 1786 .582 b1962.185
10?%,623 1786.673 L1964 . 322
1074 ,684 1786.577 L1962,067
1074, 605 1786.636 Li1G53.053
1074653 1786 623 51563, 148
102&.632 1286.658 419G3,970
1074645 1?85.636+ h1965.h5}+

1786.63 =5.03  41963.2 - .7



Time Time interwval f {Hz) quGmmna)
of 1920 cycles
{ms}
18.26 107,712 1766.525 41560,846
10724 688 1756.565 41961,785
1074 ,669 17686,563 41661.739
074,897 17864550 L1661.433
1074 .687 1786.567 41961.832
1074 654 1786.572 41961,950
1074 ,675 1786.,587 L1962.302
1074 675 1786 ..587 YM9sz,.302
1074.605 1746, 587 41362,302
1074 ,677 1?86.585+ 41962.208+
Time interval 1786.57 =002 $1967.9 0.5
af §96 cycles
18.31 501.527 1756 . 544 41961,292
501,517 1786 .580 41968.138
SO01.312 1786.597 41962,53%7
501.508 1786 ,.612 Yig962,.839
501,507 17486 .613 41952,5913
501,510 1786604 41962, 707
507 .45 1786 ,.661 49964 ,0L0
301,493 1986665 bq964 134
501500 1786 ,640 41963 ,547
501,500 1?86.6h@+ 41963.5h7+'
1786.61 ~0 O 41963.0 -0.9
18,33 501,402 1786, 668 41964 , 205
501,513 1956 ..576 hig6z. 0Lk
501,499 1986, 644 41083 ,651
501.495 1786 658 L1o63.970
501495 1986.5658 Li963,970
501,480 1286,711 41965,215
501.4%99 1786 . 64Y T B1G63 68
501,497 1786 .651 k1963,805
5071.492 1786.668 . 41964, 205
501,503 17BE.629 415963, 289

1786.65 & 0.02 51963.8

30.8



Time

15,37

14.39

1841

Time interval

of 1920 cycles

{ns)

501 . 53%
B09.516
501.513
501,515
501,516
501.515
501.526
S07.522
501.512
501,502

501,501
501.505
501,512
501,51h
501,523
501,504
501.516
501530
50%.531
501,531

S01,527
5014521
501.537 .
S01.520
501,517
501,524
501,517
501,527
5074516
5014532

f{Hz)

1786.519
1786.583
1786 . 594
1786.587
1786 ,583
17686 ,557
1786 ,.547
1786.562
1786.587
1786 .634

1786.58 0 .03

1786 .636
1286.622
1786.597
1786,590
1786 ,558
1786 .626
1786503
1786.533
1786.530
1786.530

1786.58° 20,04

1786544
1786 .565
1?860508
1786 .,569
1786.580
1786.554
1286 .580
786,544
1766.583
1 756,526

1-786.55 20.02

39

H1(Gamma}

Y196C,705
41952,208
41962 467
L41962,302
41962,208
£1962.302
41961.363

B1961.715

41952,537
41963406

§4962,1 20.7

41963453
41963,124
952,537
41962.373
b1961.627
41963.218
41962 .208
4159614,034
L1960,963

41960.963,
41962.2 =010

41961.292
44961, 785
41960, 447
41961.579
41962 4138
%1961,527
41662, 138
41961,292
41962.208
41960569



Time Time interval f{gz) H1{Gamma}
of 1220 oycles

{ms )
18,48 5044550 1786 462 41959, 366
' 501,534 17864519 41960,705
501,537 1786,508 41960, 547
501.537 1766 .508 L1960 447
501,513 1786 .509% L9962.467
501512 1786 .,5%7 k1962.537
501.52% 17864537 51961,128
5014520 1766,569 41961,879
S01,523 1786 ,5508 41561,627
501,521 1786,565, 41961,785,
1786,50 Z0.04  41961.2 = 1.0
Nata
February 19,1970

Time Time interval f (Hz) EH{Gammaj

af 5896 cveoles
{msy

18,20 501.515 1786 .587 41962.302
501,515 1786.583 L1962, 208
501,50 1786.608 %1062,795
501,505 1786,612 41962,889
501.508 1786.612 41g62,8389
501,508 1786.612 41962,889
501,505 1?786.G22 44963.124
501,496 1786, 654 41963 ,877
501,495 1786,658 41963,970
501, 504 1786.626 b1g63, 218

1766.6220,02 L1963,040.6

18.22 501,508 1?786,.612 41962.859
501,491 1786.672 41964, 290
501,451 1786.708 1965, b4



Time

18,27

18,29

18, 34

18.37

Mme interval

of 895 cycles

ma
5C1.4848
501,599
501,497
50, 449
501, 50
501,595
501,094

531.505
501,506
501,506
501,503
501,508
501,498
501,599
50,402
501,501
c{1,500

51,502
501,511
501,456
501,507
501.506
5(1.5C8
5G1.500
01,506
ST, 0G8
S0, 507

5C1.523
SG1.522
501,511
501.503
501,502
501,506
G4, 500
531,505
5G1,. 508
5GT. 501

531,518
501,515
501,522
501.519
501,523

f(lz) i, { Gamma))
1786G. 657 41964, 236
1786, 644 41963, 541
1786,651 Y1963,805
1786.679 Liabh, 553
1786, 634 41943 ,453
1786.658 41963, 570
1786, 651 41664, CEQ
1986,6620.03 L1965, 120,7
1986, 622, $1953,124
1786.619 41563, 054
1786.619 41943,054
1786.630 hq964,312
178G.612 b1962,089
1786, 047 L1963,711
1786, G4 4 51963 ,.641
17286, 668 L1964, 205
1986, 636 419575 453
1784, 508 41962,795
1786.6320,02 41963 ,350 k
1786, 634 L1953, 406
1786. 604 CL1962,631
1986650 41963,576
1286, 615 51962,960
1786.619 41963, 054
1786.612 41962,469
1786, 640 Lt1983.,.547
1786.619 5%1963,054
1786,647 41963, 791
1986.615 k1962, 460
1786.6340.01 41963, 230, 6
1286, 558 419517,621
1786,562 41951,715
1786, 401 41902, 631
1786, 629 h1963, 259
1786.633 41903,383
1786,619 1H1965,054
1786, 640 81963547
1786,622 419556124
1786,612 41962,085
1786.,636 41953, 453
1786,6150.03 51962,040.7
1786.576 41052, 0bh
1786.59% L1962, HE7
1736, 558 41961,622
1786,572 41961, 950
1786, 558 419561,622

by



Time

18,42

18 .44

18 .48

Time interval
of 896 cycles
(ms)

501,517
507,509
501,525
501,505
501.523

Time interval
of 1920 cycles
1074783
1074,.786
1074 .763
1074.753
1074, 741
1074, 747
107%4,750
1074, 732
1074, 774
1074.767

1074, 754
1074788
1074 . 740
1074.728
1074, 737
1074.735
104,739
1074 .734
1074 ,751
1074, 749

TG, P55
10748, 740
107k, 769
074,725
1074, 778
107,756
1074 . 748
107%, 751
074,735

1074737

F(Hz)

1786, 580
1786, 608
1786.551
17B6.622
1786, 558

1786.580,02

1786, 407
1786,402
1786,440
1786,457
1786, 477
1785467
1786, 462
1786, 4492
1966,422
1786, 434

1786, 450,03

1766,455
17686, 432
1786, 478
1786, 498
17286, 484
1786.487
1786, 550
1786, 488
17686, 460
1786464

1986, 4720,02

1786, 454
1786, %64
1786, 4h4
1786, 504
1984, 415
1786,452
1786, 465
1786, 460
1786 487
1786 L84

1786.4610,.02

Hq{Gamﬁa}

Lasz, 1358
41562,795
49961,4357
L1a63, 124
41961, 622
962,120

41958, 07h
41957,957
b1958,850C
41959, 249
%1959.,719
41950, 484
41959, 364
41960,071
41958.427
41558, 709

.G

41559.020,7

%1959.202
f1958, 662
41950, 742
41060, 212
41959883
41959,953
41659, 789
41959.977
+1959.319
41959, 5414

41959,640.5

41955, 17
£1959,413
41958, 5l
41960,353
41968, 262
41959, 131
41559 ,4b27
513952.313
41955,05

41959463

41959,420,

6

b2



Tine

18.50

Time interval
of 1920 cycles

{ms})

1074.752
1074, 747
1074, 762
1074, 755
1074, 746
1074 ,755
1074, 757
1074, 780
1094, 765
1074767

f(Hz} HT(Gamma}
1786 459 +1959, 206
1786,467 41959, 484
17R6,. 442 kqy952, 897
1786454 41959,178
1786.469 h1959,531
1786, 454 £1354,178
1786, 450 %1950, 084
1786,412 41558,192
17286.437 L9958,979
1786434 41655,7009
1786.4520.02  L105G,040.4




TMable

i

-

Reduction of data

February 16, 1970

A

Local time Precession frequency | Barth's tctal magnetic field
{ Bangkok ) {Hz) { Gamma )
18.04 1786.84 + 0,06 £1968.2 + 1,3
18.10 1786.87 2 0.02 41969.0 + 0.3
18. 14 1786.89 + .04 %1969.4 + 0,8
18,29 1786.92 + 0,04 41970.1 + 0.8
18,34 1786.93 + 0.03 k197G.4 + 0.7
18.38 1787.02 + 0.05 81972.2 + 1.3
13,41 1787.02 + 0.03 b1972.4 + 0.6
18,45 1787.03 + 0.01 41972.7 + C.4
18.47 1786.95 + 0.03 41970, + 0.6
18.51 1786.97 + 0.02 %1971.2 + 0.5




Table 4 . Loduction of data

Fevruary 17, 1970

45

Logal time

Frecession frequency

LSarth's tetal macnetic fizlid

{Zangkok) {0z} ! {Ganma)
i 15,08 1786.,68 ~ 0.02 | —:1954.4 0.5
| 1810 1786.75 L 0,03 ! 51966.1 ~ 1,2
} 18,13 1786.73 = 0,02 E §1965.6 = 0.4
18,16 | 1786,73 = 0,03 5 51965,6 £ 0.3
1820 [ 186,72 £ 0,05 | 419654 % 0,8
' 13.23 . 1786.72 ¥ 0,02 | 319654 = 0,5
18,28 g 1786.,7C % 0,03 ! 11964.3 2 0,7
| 18.32 76,69t 0w02 | K1964,7 0.4
5 18436 E 1986,69 = 0.03 ? K1964,7 = 0,7
| 18,40 | 496,71 % 002 E 51965.1 £ 0,5
E 18 4k 1756.72 L 0.04 i 41965.% X 1.
Poagbg ! 1786.78 £ 0.03 : 11566.8 L 0,7
F 18457 i 1786,70 T 0.0 ! 196741 s 0.9
! 18,56 1786.81 L 0.03 i 41967.6 L 0,6

|




Table 5, Reduction of datn

Fehruary 16, 1970

L

Local time

il
1

Precession frequency

EBarth*s tci.l magnetic field

(Bangkolk) {Hz) {Gamma)
18.03 i 1786.66 ¥ 0.03 b1964,2 % 0,6
18.06 | 1786.,70 % 0,02 E 4156449 % 0.5
18.09 1786,69 & 0.02 81964,7 £ 046
18411 1786.71 £ 0.02 i 51965,2 = 06
18.16 . 1786.66 L o.02 i 41964 ,0 & 0.5
18.18 i 1786,66 = 0402 ! 41964,1 & Ok
18.22 % 1786.63 L 0,03 i 41963,2 L 0.7
18,27 | 1786.57 X 0,02 : 54196149 2 C.5
18,31 E 1786.61 L 0,04 ! 4196340 = 049
18,434 : 1786.65 % 0,02 i 11963.8 £ 0,5
18,38 . 1786.58 = 0,03 ; 41962.1 = 047
18,40 E 1786,58 % 0.0k E 4196242 ~ 0.9
18 .42 i 1986.55 & 0.2 f §1962.2 » 0.9
18,49 f 1786.54 £ 0,04 ! 41961.2 & 1,0

! |




Fehruary 19, 1970

Pable 6. Reduction of data

b7

Local time

Precession frequency

Earth's total magnetic field

(Bangkok) {liz) {Gamma)

18,21 1786,62 = 0,02 41963.0 < 0.6
18.23 g 1786.66 & 0.03 b1964.1 = €47
18,28 1786.63 L 0.02 41963,3 = 0,4
18.30 1786463 < 0,07 £1963.2 & 0.4
18435 1786.61 < 0.03 41962.9 £ 0,7
18,38 1786,58 = 0.02 41962.1 = 0.6
18,43 178645 L 0,03 41959,0 = 0,7
1Bobs | 786,47 = 0,02 41959,6 £ 0.5
18,49 1786,46 L 0,02 419594 = 0.6
18,51 1786,45 = 0,02 41959,0 L 0.4




Table 7. Reduction of data

February 23, 1970

Local time Precession frequency Earth's total magnctic ficld
(Bangkok) (Hz) { Gamma)
19,23 1787.3% = 0,03 - 41979,9 £ 0,8
19,25 487,41 0,03 51981.6 I 0.7
19.29 1787.43 £ 0,04 £1982,1 & 0.8
19431 178746 2 0.01 41982.8 2 0,3
19.35 | 1787, 44 = 0,04 51982.4 £ 0.9
19437 1787,45 = 0,03 41982.6 I 0.7
19,42 1787.45 X 0,03 41982.7 = 0.6
jg;h# 1787.47 2 0,04 41983,2 0.9
| 19458 1987.46 L 0,03 f 41982.8 £ 0.7 -
19.50 1787.4% % 0,03 ! 41982.3 = C,7
19.55 1787.40 L 0,03 41981,3 % 0.5
19.57 1267,40 I 0.03 419814 4 0,5




" Earth's total magnetic field {gsmma)

- 41972

41967"

41973 .

"+19?1 —

41970 L

- 41968

. February. 16, 1970 k9

| N - i l |

f13;00~f;' 18,0 18,20 . 18,30 18,40 18,50

_Local time _,(ﬁﬁngknk} o

Flg. 13 Yariation 1a earth’s tn_.‘;al wagnetic field.



Ea;th'a_total'ﬁagnetic fielﬁ{gahmﬁ]

41967

11965

1964

S 41968

41966

Fahruarf.1?, 1970 .
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18,70 18,20 . 18.30 18,40 18.50 .

Local time (BangkokJ 

Fig. % Variation in earth's total maguotic field.
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"Earth'a ;btal magrnetic field (gammﬁi__
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_ Barth's total magnetiec field {gamma)

52

Fobruary 19, 1970

41965 |-

k1964

41963 | v s\

h1962 |

L1961 |

51960 | - .

41959 |- ¢

L | I |
18.10 18,20 18.30  18.40 18.50 19,00

Local time {Bangkok)

Flg., 16 Variation in sarth'a total magnetie field,
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