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This paper describes a frequency stabilization of transverse Zeeman laser controlled by a
current of heater wound around the laser tube. First, an optimum structure of the laser tube
enclosure is experimentally designed so as to reach near its thermal equilibrium state in the
shortest possible time. By means of this laser head, we realized the single loop frequency
stabilization by controlling the heater current with the aid of personal computer to keep the
frequency of intramode beat constant. The frequency stability of the laser was 2Xx107!! for
the integration time of 1,000s. Furthermore, to increase the frequency stability the control loop
was added to the single frequency control loop in order to maintain the constant temperature
of the magnetic poles at the side of laser tube.
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Fig. 1 (a) Gain profile of the laser filled with

natural Ne, when a transverse magnetic field of
300G is applied to the laser tube. (b) Bidirec-
tion change of intramode beat frequency when
the temperature of laser tube is changed.

RILEBEOESE(, $ab bIIRBOBETE NI
LT3, ZoBRoBERBIERALTY —¥ —
EOEXZHMIL ENTE B, LA, Fig. 1
(B)D c BILBWVT, V—F—EBHUBE, chhd
FIGESOTRER fo B85, Ficy —¥ —-Eik
&, chHMa AT ESOTRBE fv B85 ok
BERAL, v —F—BOREHMX-> THIRBESL
FlL, BERERENETEI CENTES.

3. L—¥—-HiRFOBERYE

V=¥ —BOME - FORBRIKRO XTRE S,
v=Je+c/2nd

7fZl, J REREK, c bEE » IEEORR
R, d ZRIBEBOREITHS. d 3EBEOEKTH L,
B, V=¥ —BORABHREE,E NS ORLREDRE
wElbE VA B, HIRBOREHME ZREEORER X
STRENEREZERDLYT. Fig. 2 13d 3 —ADL —+
—FERENTEIBRESICBOTH > 1oV ——&ED
WERAICK ZHIRBROMI D SR LV —H — iR
BORFEETH 5. Ml IHRT, B, fo B
Fig. 1(b) D & 5 iIcHRBEO M I - TRABIMICE
L 3E¥% N 2BRELICLDTHS. D fo AEK
OFEAB—EELGENT BT & T ERBEIH 12
BREEGENTZCEABKRT 00, HEZRED
EXxo#taEDT. Fig. 2 Ol (1)id Fig. 3(a)
ERTEI BV —F —ELWAE T FAF v 70D
FHRBCANIIEATHS. L —F—EBREDLD,
REMMBAINTHD, R (1) IRT LS ICBEER 15

d HISHELS (18642 H)

12)
200 3

4)

(&)}

0 20 40 60
TIME(MIN)

Fig. 2 Characteristics of expansion of laser
resonator as a function of time. Curves 1, 2 and
3 represent the expansion for the use of housing
shown in Fig.3(a), (b) and(c), respectively.
Curve 4 represents the expansion for the same
housing for curve 3, but the aluminum housing
is painted in_ black and the heat sinks are
attached to the magnetic poles.
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Fig. 3 Various enclosures of laser tube to
measure the temperature characteristics. (a)
The laser tube with magnetic poles is enclosed
with the plastic housing. (b) The laser tube
enclosed with glass fiber is set in the aluminum
housing. (c¢) Only the laser tube is set in the
aluminum housing.
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Fig. 4 Schematic diagram of a personal-com-
puter-controlled frequency stabilization of laser.
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Fig. 5 A flow chart of program for automatic-
lock in frequency control loop.
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Fig. 6 Allan variance analysis of fluctuation
in the intramode beat frequency for various
types of control system. a: Single control by
personal computer, b: Single control by ana-
logue circuit, ¢: Dual control by personal com-
puter, d: Dual control by analogue circuit.
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Fig. 7 A view of laser head of dual control
system.
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Fig. 8 Monitor display of heater currents I
and I» for the disturbance to the laser head.

EHIE» SHE LT 5 v r#iEOFES % Fig. 6 ©
CITRY. WY, 7+ o/ ZEEHMEIC KB EEK
ZEE% Fig. 6 OdITRT. b oFAVEN_E
RIS RT o s ZEREIC N, RifloZREtEss
1B EREBINTV B EDbh 5.

5. & =

=y Favea—z2ERANce —x—nadific
S AARMBREEE—~ L —F—2REL, TOH:
Hek i L.

L— ek E Ot — 4 —OMBAEROFATIC
SAEBBEEOHBIT AR THEHSREEL L, hOHY
WENEZ D5 Y AD EICERD 7oo TV A, Licdis
T, -2V —F DXL KREIHAFTEE SO
A —2—0ORBEICH ZEA, BEOTFRRMED 57
DiICHHARORESELZRE LTHOOLDOTIRET S
PBEMRHZ. COEBTR, V—F—BFOr—2%:8B%
e L, BACBRGBERD O, t—%—ic—ER%F

39(39)

HMAERET LT, 26 0BG THARESE SN
Fig. 5 I oNB XD T 4+ Y 2 flfic & 3 —F
flah e —EHEFRTRIZEALARREEERE
bHIV. Thid, 77 vABORIEREENTIE, v
— —RBMAOEKROEANLIE N DTHS. Lo
L, #EBo STZL oIk LT, EBRENSSD,
ESHROEHMNEZ NG ZDLHIEE “EEHAE
FHRD STZL D35> WERTHEEELONS.

b — 2 —n#ic & 3 AEEEEGRE, #8ko STZL
BEICHWE7 7 VE—2 —D XD BEEESEHSTHO
T, BEOFGHBMY, RS- IVEL. Ff,
—vFarvea—2icksHBHBAIERZEROR
1, HIAZRORBEILDIDD/NF A — 2 EEDRG IS
by ons. UL, 7FusAREEN
FESPPRMBMNY E18B, FEIANI/S—Y Fva
YE2—ZTREL, VhWET YR-—FT4 a3 vEH
WhiE, 7HasEFREEDLLIEYL, T vy PHENR
ohb.

AT AR EF TR RIS EBEE SO 8
O EICHEDTE LD TH 5. KB ULTEH
L, CEEZBHOHPLLETS.

X ik

1) N. Umeda, M. Tsukiji and H. Takasaki: Appl. Opt.,
19 (1980) 442.

2) H. Takasaki, N. Umeda and M. Tsukiji: Appl. Opt.,
19 (1980) 435.

3) S.K. Gordon and S.F. Jacobs: Appl. Opt., 13 (1974)
231.

4) P.E. Ciddor and R.M. Duffy: J. Phys. E: Sci. In-
strum., 16 (1983) 1223

5) K&, KHSHXE: JEHYE, 47 (1978) 425

6) HiE 7, HEEMALL: HEARETF IR B E S,
15 (1980) 21.



