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1.6:

The Astro-E2 satellite
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AT = E/C (2.1)
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X-ray energy,
E thermometer
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capacity
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thermal
conductance G
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c = ¢g+ec (2-2)
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0000000000 60000000 Tk 6p)OOOO

1274 T\?3
~ ——Nk —
o N B(QD)

= LMXl@UﬂQmﬂ(%D3 (2.3)

00000000 3000000 (@000 300)00000ON,00000D0O0OkKE0OO0O
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o 100N
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ce = T (2.4)

oooono T'<o017,.000

Ce = 'y<aTCexp<_;Tc>> (2.5)

000000000000 0000000000000000000000000 ¢, =
I(%)DT:ﬂﬂDDDDDDDDDDDDDmDDD)DDDDDDDDDDDD
00 1430000000 [26]

00000000000 0D0000DO0O0DODOO0OO00O00000 SommerfelddOO7,.0
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a~85b~1440000

oo coono c0ood pb000 MODOOVODOOO
C = c¢pV/M (2.6)
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oooooopoooooo Xoooobooboboobo nOoooobbooo vN+oO OO
O0000000FE=6keVOC=1pJ/KOT=0.1KOOODODOOOODOOOOOOO

(VN+n—VN)/VN ~ \/> ,/CT~01 (2.8)
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000000000000000 ZOB=1/kgTO000 E=-0InZ/0p0000000

C = O0E/OT (2.9)
821112 ap _ 821112 1
082 oT ~ 9B% kpT? (2.10)

gboooboobgboobooooboogn

<AE2> = 0%InZ/0p? (2.11)
= kpT*C (2.12)

0000000000000 00000o0UoooOooo0o0oo0O0 (FWHM)O O

AEpwan = 2.35VkpT2C (2.13)
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AE = 235¢/kpT2C (2.14)
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Aty
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ﬁ\\ Iﬁ
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0000000000000 000000O00000O(@ 2.2)

O0D0O00D00DOO0O0000DC0O0O0DO0O00DCO000ODDODOOODO0O0ODOOn ChestD
Copin + Chost = Ctotq 100000000000 MOOOOO

AM M E
AM =22 A= 22 2.1
ar - dT "~ Cromal (2.15)
godooooDooooo mO00OO0OO0oDOOoOOoOOogoboo vooooo
AM M E
Am=VEL AT = v 2.16
m=var ~ 0T~ Croeal (2.16)
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MMCOOOOOODOO0O0O0O00O0O000000000000000000002.160000 MO
D000 ¢pn000000000dM/dT00000000000000000000000000
0D00000000000000000

00000000 2/+10000000000000000000000000 mO00O000O
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m = —,L_/:B(I_: + gOS_") = —glipJ, (2.19)
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E=—f-H=—gugJ.H (2.21)
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J
E
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J
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kgT

J=—J
_ sinh((J + %)’yﬁH) (2.22)
sinh('YBTH)
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= = 2.2
5 T 0 = 9kB (2.23)

goooo



020 DOO0OO0OO0O0ODbOoOOoOOoObOoOogon

24.1 0O00OO0OO0OO

goobooooooobuoboboooobobobooboo FOOOOD

Z = exp(—pF)
ooodood Moo
OF
M= om
0

Ld sinh(22+L~ JBH)
———1n

BdH " sinh(55v.JBH)
1 d

= EEBJ(’Y«WH)

= ~JB;(vJBH)

= gupJB,(gupJH/kpT)

O000B;0O Brillowin(@ O000)000000O0

-1 2J41
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dx sinhwx

d 2 1 1
= @[ln(sinh J2j ac)—ln(sinhﬂx)]
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2J  sinh(EHz) 27 sinh(552)
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sinh x
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i 2241
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sinh o
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2 1 1
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J =1/20 0 Osinh(2x) = 2sinh x cosh x, cosh(2x) = 2cosh?(x) — 100 0

By js(z) = tanh(z)

Bijo(z) =In(e” + e )
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000 xOO
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J(J+1)
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= kp[lnZ —~yJBHB,(vJBH)

sinh(2+H~JBH)
kp[ln Sh(yJPH) YJBHB;(vJGH)
= kp[Bs(vJBH) —vJBHB,(vJBH)] (2.32)

ooooJ=1/2000

S = kplln(e?/PH 4 eBHY _ 4 J3H tanh(yJ3H),
= —kp[Xtanh X —In(e® 4 %) (2.33)
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243 00O

S = kpln(2J + 1) (2.34)
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cau(T) = 6.7582 x 10 x T +4.2443 x 10 x T3 [J/K/m?] (2.43)
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#29v2(29)  0.018 6659 5.1248
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0000000I00 0 00 *He 00000000000 0000DOODOOIODODO IIOO 3He
00000000000000 [29]0
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O000000000000000000000 E/P (Experimental Plate) 00000000000
000000000 00000 E/pOOOOCOOOOOOOOOOOOOOOOOODOOOOOO
O00obo0ooo0o0oooooOooooboooOo0oooMMCOOOOODOOOOOOOOOOOO
0000000000000000O0M/C (Mixing Chamber) 0 1 Kpotd E/PO00OO0OOO
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Bridge/TS-530 Temperature Controller D 000 M/CO00O0O0OOOOOOOOOOOOO
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4.2 SQUID : Superconducting QUantum Interference Device

4.2.1 de-SQUIDO OO

SQUID (Superconducting QUantum Interference Device : 00000000 )0000000OO
O00000000000000000 de-SQUIDO 200000000 (Josephson) 00000 OO
0ooobobooodooooooobooonbooo2000bbo0ooogooooonoooog o
000000000000 DO0DOO0O00DDoDOOD SsQUIDOODOOobOOoooooooooooao
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IZ‘ = I()Sin(giB—@iA):I()Sin(AQi) (221,2) (41)
oboooboooooogooo rggbogon
Ip = L+ 1 (4.2)
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51, = 4.10
c= 133 (4.10)
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V = RJ/I2-12 (4.11)
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00)000000000000000SQUIDO0OO00O0O000O000Oooooooong SQUID
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4.2.2 0O00O0O00O SQUIDOOO

000000000 SQUID AMP 00000 HeOOODODODOODOODOODODOOODOODO
0000000000000 0000000000 (SII: Seiko Instruments Inc.) O SSA(420-Serial
SQUID Array) AMP 21000042000 de-SQUIDO OO OOOOOOOOODODOOOOOO
00 0SQUID 000 FRP(Fiber Reinforced Plastics) D000 00 OSQUID AMPOOOO OO
Oo0O0DDbOo00g 05bmmx05mm 0 SiOO0DO0O0O0O0O0OO0OOOODO0ODOODO SQUIDOOOO
sQuUIDOOO0OOoODOOObODO0oOo0obOoboobboobDoDoobOobOOoOobuboobbooOoo
000 0.1lmme NDTiOOOOOODOOOSQUIDOOOODODO 2000000000000000
0000000 DO0O SQUID AMPODODOOOO 4100000 470000000000000
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4.2.3 SQUID noise
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0 4.1: 420-SSA SQUID OO OO0OOO

ooooo

000000000 Li 37.8 nH
000000000 M, 58 pH
0000000000

0oooooooo M 58 pH
000 G (= M) 50 kV/A
00000 O 10 kHz 6.8 pA/vHz
00000 O 10 kHz 0.19 pu®o/vHz
oooooo ~1 V/us

0 4.6: 420-SSAOD0O00OO0O0OOO0OCOOOCOOD0 100 3mm x3mmOO0O DC-SQUIDOOOOOOO
gooboooodgo 200 pm0O

Input — Bias2
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