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A Simple Temperature-Gradient Meter and its Application to the Small
Scale Thermal Structure in the Coastal Zone.*

Hideo Mivakg**

Abstract

A simple temperature-gradient meter constructed with Wheatstone bridge
circuit having two thermistors was designed to clarify the fine structures of the
water in the coastal zone where the waters of different characters distributed
and mixed. The accuracy of the measurement was better than 0.02°C within the
range of water temperature from 5°C to 25°C, and the vertical resolving power
was several tens of centimeters.

Spacial variabilities of the temperature and temperature gradient in the coastal
zone in Funka Bay were investigated in August 1976. In this season waters in
the coastal zone showed characteristic structures due to the intrusion of the warmer
offshore water into the colder coastal water. The tongue-like intrusion of the
offshore water which was about 10 m thick and 2 or 3 miles wide was observed by the
measurement of the water temperature. The vertical section in temperature in
the subsurface layer showed that both the colder coastal water with less saline
and the warmer salty offshore water were vertically distributed in the complicated
structure. In the center of the warm water core the temperature gradient
was less than 0.1°C/0.5 m, and under this core the step-like structures of
temperature were formed. Near the center of the interaction between the
cold water and the warmer water, inversions of temperature, salinity and density
were observed. Below the depth of 30 m in the offshore zone, thick layers relatively
homogeneous in temperature were separated by transitional layers, which had more
than 0.1°C/0.5 m in the temperature gradient and distributed horizontally over
several miles.
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Fig. 1 Circuit diagram of the temperature-gradient meter.

Table 1 Resistance of the thermistors used in the temperature-gradient meter.

\Resistfzg)}e Temperature-gradient meter
Thermometer

Tempera- ™ ]

ture (°C) No. 1 No. 2
0 6086 6076 5323
25 2196 2185 1942

— 271 —



d K Kk E & #® 293). 1978

BThs. M iZFIERAOTHAEES, 56,15, 16,25,26 RO X 5 K PIRBIROKBREIC ST TER
U, BEZOEERTS HOWRAES T - T, BIRTAIKRBEZRL T3, T DERK
WEINZERZ, F2OKEBEIRKIT 2 - 22 OBEFLICHYEL T3,

EBEOEMEE U TiERF D ZERO ® FULL BEOFREERA ZHNT, FlAXHD 15-15 TH 6
HUHED NI EEED 0 AiIC—B 3, WiZ 15-16 T 1°C 2 7V 25 —v 50mV iKY, %
i M-M TRIEET 3 LW S BEETd 5. 0 RDRBIIDE (REERN, EPR-3TH) OFER
BE10mV %, 7R —icit 50mV 2HO 5D, MECY - TRBESLCREG S EED v
9"'5?)15](4\ T,

2. OROBRELREXEELE

LOREEHTELEEL 2L S 0D, MEEOKENSE DL S LHETH- T, BEE
D2EDY — 1 R & [EOBEAEDEEZEDLOEHTIE, B Ih 3 EBMED 0 L0 LR ZhiKiFy
BEERIZINEZLEZNETD S, LM 2T I PTRHOEERELTIL LWz 5h, ROX
S EBRETHEN» DIz, 4 15°C TO 0 S2EFHOZTNIC—HKIY, WEHRLACEETLOLE
BEZ1°C % 50mV itHth, K% 3°C 55 25°C F CHBLIVRTOHOFHE* % 5, LOB2ED
Y= RFF—E L, BHEBROHC—BIEEIRL ThiKERIRDE T, M2RRC5LTHEMN
IERATH 5. 0 KOREHEEEIZ 5°C AT Tt 1mV Lk 5588 5~25°C Tix £1mV,
10~25°C Ci3 £0.2mV PURIZH b, EEIRL TENRFH £0.02°C, £0.005°C OFHEAMIT 0 1%
MRETX3ZE8DM 3,

Fifiz 5°C & 25°C OYIRAERZACTEZRFR O R EEY BR 2T - 1205 H2H» o6 EHET
X5 & 51T 5°C DA 10°C EAET, 25°C OBFAiid 10°C LAFTO 8D AL E20L <2
3o {5 T, KRBEIIST HEAOBIRITE s THWEE B P TX 5,

—RRIZY — T R F OREERROBERBB TR 2V IIDIE, 12EAD2KBRENT 1°C DREZE
DRy~ RDI2ELThH, MOKBTREDP Ry ~UBRL,TL 30 22 CROBEFIECHE
27512 60U » 15°C ikl 3 1°C DREZES 50mViLE b, RIC2EDY—T 220 HEic
5°C ;5 25°C $ TD 5°C i€ 0.5~3°C DIREE 254 5, C OBREDRERE TIIED THEEL
B, FATHhH- 2 RX0ERBEBLINS. LHbDF 5 755 15°C TRy —~v % 1z 5
DOEKERC B IEEEZOEEN (K3) BEoh3, 5°CUTCREELVLEEN BONL,H T2
HBEIN T,

SREKE AP HBICR SN ARICEL B3R DN TEL 23541112, BEZEIEDERICE -

——
4

18 20 27];

j227 - ' 25

E— . - - S S B

Fig. 2 Record of the zero balance between two thermistors for temperature gradient.
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Fig. 3 Calibration curves of temperature differences.
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Fig. 4 Schematic diagram of the probe. G: Gimbals, C: Cable, Th: Thermistor, A: Arm,
W: Weight.
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Fig. 5 Photograph of the probe. See Fig. 4 for explanation.
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Fig. 6 Bathymetry and the location of stations.
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Fig. 7 Records of temperature and temperature gradient profiles during down and up casts.
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Fig. 8 Temperature and temperature gradient profiles including remarkable temperature
inversions.
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Fig. 9 Temperature section through St. 1 to 5, Aug. 10.
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Fig. 10 Profiles of temperature and temperature gradient for St. 8, 9 and 10, Aug. 10.
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Fig. 11 Temperature section through St. 10 to 15, Aug. 10.
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Fig. 12 Record showing the homogeneous layer of warm core and the step-like structures
of temperature.

W 3

ABFRICERL T, KAAEG)SHEE & FRROBMERE 202t ER R, RIFEEILEZ
B BB 29, MIROMNERIZLIEIHSLTHREFHEZL 2 H—Fic, AL
T, RAE—AR 28D 5 USARMRE—R, BEBLER HLCKE, WREOESH
#®, BREXH CGRERRIRE) OFMRTEREHEH 2B/, CCREATBHUI T, THHE
D—H#Ri3 BEFn 51 4R BE SR BRI BB @ IREIFFEIC & 5 720

X [

1) Stommel, H. and Fedorov, K. N. (1967). Small scale structure in temperature and
salinity near Timor and Mindanao. Tellus 19, 306-325.

2) Gregg, M. C. and Cox, C.S. (1972). The vertical microstructure of temperature and
salinity. Deep-Sea Res. 19, 355-376.

3) Woods, J.D. and Wiley, R. L. (1972). Billow turbulence and ocean microstructure.

— 280 —



4)
5)
6)
7
8)

9)

== MELRE QR L 20U IRE#E~ DT

Deep-Sea Res. 19, 87-121.

Osborn, T. R. (1973). Temperature microstructure in Powell lake. J. Phys. Oceanogr.
3, 302-307.

Simpson, J. H. and Woods, J. D. (1970). Temperature microstructure in a fresh water
thermocline. Nature 226, 832-834.

Gregg, M. C. and Cox, C.S. (1971). Measurements of the oceanic microstructure of
the temperature and electrical conductivity. Deep-Sea Res. 18, 926-934.

Caldwell, D. R., Wilcox, S. V. and Matsler, M. (1975). A freely falling probe for
small-scale temperature gradients. Limnol. Oceanogr. 20, 1034-1042.

ZeFH (1976). HE@ABEORN 10m BOKBERO=, SO (FR). JtAokEkR 27,
6-14.

Woods, J. D. and Fosberry, G. G. (1967). Structure of the thermocline. Rep. Under-
water Assn. 1966-67, 2, 5-18.

— 281 —



	0270.tif
	0271.tif
	0272.tif
	0273.tif
	0274.jpg
	0275.tif
	0276.tif
	0277.tif
	0278.tif
	0279.tif
	0280.tif
	0281.tif

