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The Observation of Solar Granulation with a 30 cm
Balloon-Borne Telescope
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Abstract : Direct photographs of the solar granulation near the limb
were obtained with a 30 cm balloon-borne telescope. The observed
position on the solar disk was at cos §=0.7, where @ is the angle
between the observer and the normal to the solar surface and the
wavelength used was 545 nm with a pass band of 40 nm. Total half-
width (FWHM) of the autocorrelation function of the contrast of the
granulation was found to be 780 km and 660 km in radial and tangen-
tial direction to the solar limb, respectively. Although the latter value
agrees with the older determination at the disk center, the distance, 2
000 km, to the minimum value of the auto-correlation function was
much larger than those obtained by Leighton at the disk center. Two
dimensional power spectrum was obtained and after corrections due to

noise spectrum and finite resolution of the optical system, the root-
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mean-square brightness fluctuation of the granulation was found to be
7.0-7.9%. It is to be noted that the modulation transfer function of the
optical system was determined at the partial eclipse of July, 30, 1981.
Two dimensional power spectrum per unit frequency area (arcsec?)
was fonund to be proportional to exp(—1.9f) where f is the frequency
(cycles/arcsec).

Further the autocorrelation function as determined from the earlier
balloon flight with the use of a 10 cm telescope showed a positive
maximum around 24~45 Mm, which roughly coincides with the size of

the supergranulation.
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2. ZBOBIERUBARE

REOKE 25 1R T CUt[4]), EXERIE, —HHESEE %2 7 35 cmg FE
B L > THPNIHANEHETH 2 30 cme (F/8) BerEisE s £ b BRah, chrLry
ALY 20MFTHRL T IVE—F— 54 TH AT CHERSBE T2 L5177
Twd, HULHER 5450 A, /> RIBH 400 A TH 5, FRICE—ESTORE 5 &1k
GORIBIEITS (LHR[5]). EXFR BN H A FERESTBELTHB Y, BRI
HLHE UR—EOKSEH) »5DERIC LD 35cm PEESHEEHL, #4 7
AT BITO, B1RICEELR T — ¥ 5304,

F1IR 0cm EEFRUBAT— 5

LEFE EH 30 cm BYEHE (F/8), ~VARF v ME: 35cme THEHE 2 &hER
BAlAE, —a— b 5 mmg HREICES 1.2 mm OERIK ST
SASFH, RV > X DB 2045, B : 36X 24 mm?=160" X 100" (1" =
230 pm), BEIEEE 545 nm (18§ 40 nm, HOYA G545), —=a> ®—% —
FZA47750, v ¥ —FE: 1 ms, BE7 1L : 150 K KODAK-
SO2415, Hiffe: D19, 20~24°C, 4 H(HEBGHE, 958 16 H), £ATH,
A N EEERT, '

T Vv SIRBEABEEEE S # 5 ERTV), BEGHEEIE 0~100kHz, £%&
PREL D580 &, MEEUAHA :2.09 %, THEE : 1-60ms(EE), XEE
7101 W (914 MHz FM/FM), 446k U %' — 12 X 2 BE3TTHE, 7 4 L
g — G545+ HA50+ND13+ND15, & 16 mm X 16 mm,

B & PI:373.3kg, /Y72 140.0kg, KER(3 5 m®) +¥a+ 428 © 235 kg,
#3t : 560.1 kg,

B BK 1981.9.5. 8"42™JST, AM#IE on : 10"30™, 7 H B L : 1133, ¥ L EIIX
21"30™ RIFH 5 100 km,

ek, 198149 A8 5 BiciTbil: Bx10'm® [EK), Bk & WRIRD A A B
KD, TESED 8km IZELBES ICTRASEE D, BHEEGE | BEHsRT, S5
20kmizen, YIBEL A Tb N, AIBRERIES 100 km 0 FCEBRZERRIR S L
7.

BlthiE, TRLOOHZZLENT XM EKERDLEDELLZI DD, Db
ELREDBRA VT 4 Y I7OREENEL £1°, KEWELXIF 12 BETH- . BEs
NIEROBEE (240" RiZZhLUE) o ET 2 L, Z2ELVAVT7F4 b (£0.1°0D
EOBELRA VT4 Thotmold, W0HWARBEOHN A RBTETHLETHSS
cEZo6NDG, A - BE2E0) AMBEOESHEB BT 2 FETH 7208, BY
B (80 B) O cizBEE RS, ZOFBIEIA-THT, Bol 1 9ARERI TN &
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S, B2 KIAER T, BB IEA L  XOME () MEZ I N SR M ThH B, f=145
Wﬁ?:yrazhw%kwaofwawwﬁé.:nuio%@%ﬂwmﬁﬁﬁ%bt
DTHZH, 64 FF (50 umx50 umx64) &\ S FMORFEER L2700, HEE T
RATREARBICREZRFREL >R bDIELLFETSH 2,

VICE > TREL . BEBEIIE IR R T L D WAKFERITLIIRVLICELRZ D ERD,
REDBE T b T iz vni 2otz Hl21E, SAEE %@ o457 10h 30 m

FO®IE, THREEE ERFAEIORENEIC ERET 21T 720 TH 2 (XH(3)], [6]
£81)

.

3. B A # B8

BACEI 80 (F7E 13 1000 59) D > 5, focus D& - T 2B BAICIE S 57, B
R 12BIETT. 20Uk KBRCRBED KSR < (B & D EED~30%NE) DEETH 3.
AV TAMNPEBLAZLZORBERAEDAETH S, EHHEIZYVED 50cm TIREESE - 78
O 30 cm SERKEEFIC L 2 D L IZIZAZT, SATRIC A2 5 KBEFLEOERE
BERLD, BOEDBHPH oL EI TR >TLEDRVTRLRELTH 2, = oS
WCEALL T extreme limb TRAMRBMSRE 2 2 22D TH2 5. 2E % 40 pm x40 xm
@ slit aperture T, digital microphotometer iz X h £ trace L, BWEICEL, &424
7D 22" X22" D/INERSHICK ST U TR & 2 3BEZML (limb darkening & #LF)- B& O T
=) EZ2RATES| BB SN BEORE (VA =r.m.s.) DEFHIL,

[’,_ m. s, (%)] _{3.43-*;0.11 (No. 67) (U L&D 30% KA, )

7 12.994+0.20 (No.72) A 545 nm (1§ 40 nm)
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£% 0, X#k [7] OFRCERHTRILY A(BD ~3.3% LRI CRE L % -7,

E5C 22" X 22" =128 %128 D /hEif§ % # h 2 h Fourier EHRL TL2/NERTEHY LI &
& DAED 1 RIT power spectrum % 5 4 Bz~ 3. KBE L radial FEiz foreshortening
DEET power pEL T3 Z ENBII N D (BHSSER). £ 7208 L 2 uiio B cfHE
PRt ZHD 2 D £¥{EIE% £ % &, tangential 53 780 km=1708 <, radial HEik
660km %2 (35K). Zhix, 7Y >R F >0 disk center T D& 740~840 km 2,
VALY DT0km L5 EE B —5T 2, %7z, HHEEKOE/IMES T 2000 km (45
B &E —0.17) T, MAMEA 7000 km Xz 72 Ll F EKRED, VA bR/ 1100
km, #RK»¥2000km £ LTEBH kX< < WiES T3S,

RiZ, BEISn 7 62RBED power spectrum 25, Eo power spectrum #1832 = » %
175. Fht&Ei, % ¥ noise spectrum %#EB(< Z & THh 2. noise spectrum & L T —4f
CBRE S NI 7 4 )V 4D power spectrum % L 2 FETH 57205, 2 MOBEE G &8
5 17znoise spectrumDFEHAEE T 257 D B B 2 & pS¥BE L 72, G- T, RKEZ7 4 VLD
power spectrum O FRE KT (227 O/NEROD S 5, HEH 13.7Mm™ LI L) % ELEEL
TROLT, ERAERSICHZAMEHATES & L7 (56 XD observed spectrum %
). B3 TMm™ (=21/4) L3 BiEE, ZOEDEL 2 51E, BELE7 4 L AD
noise spectrum \GEWHIZ R 2 LW I BED I L T, BREHICELN S power spectrum
@, BRAEESE L O, BRABERSIAKE S ZOKBEICKET 5.
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noise DEG|E X DT [7] L AR LD 10, BER/NERFEHY T 4L
Y — O o "hn b |CP=|MP|OF/ {IMP+IN?/ICPY (Xt [8]) Tidk <, ICIF=
{OP—INPYIMPwztk3 Z Lz, & 2T|OR|CIE INI? 1 #h Zh observed, correc-
ted & U noise power spectrum T, M (4 modulation transfer function (MTF) Th3,
2D MTF i3 SRS D 2 R 7 — ) AT b DTh s, BADBEEKE
DT = DFEDHER > THED T, BEORTHBENSHT D ELLVEEZTHS,
HORIC2BD 7 4 L LAITD & 2 IRITOD power spectrum P(k,)

P(kr)zfoz"P(k,, 0 )erdo] 27k, (1)

R (B2 227X22 D/INER»S/BSN: PO UBOFEETHB), 2Tk, ZHEE
BOBBT Bi=ki+ B, X,

2

P(kz, ky)= l ffdl(x, vdexp[—i(kz x+ky y)ldrdy

Al (x, y) 13 FEXHHY 72 58 B o fluctuation T#H 3.
AR A<, #IEL 72 2 ¥RITD power spectrum & L T,

1
= bs. 2 Tarlz
Pcorr. {Po INI }IMI_ (3)
ERAT20THLH, IMPeLTAE2EZIERICREIEE 22, XE[7] Tk, |MP
ELTREOHFEL L > Tl 2R L7, ZOBBEALLOI, XERDOERBIEEE T

ZITiE, MoHBEHIC X 3EBRED MTF 2 Huw 3,

1981 7 H 30 H (BEk 1 » AfD CESEHANERTH SN, RAIIKEREESE O L
BRI 21T >7:. B8R ZDEREEZRYT. LEHOBWESAT, HOW L SDOM M
Rohs, MBI T34, Zhid disk center D2 Th 3, BOBDERES
MEEBTHEL (I(4y)), #D#5THh 5 line spread function (5 7H) 2K, #
DEFEBE*EEREORHZATCX L Tplot Lz bDME S EHSD IS 7THS, 3D
7 4 v (Nos. 217,223, 224) icxt L T8 5t FWHM 0 €813 0917 TH D, 2250
HIAGHOMELTRLT I EMNTES, i, <02 0a7z8ed 5y, |d
d(dy)l~exp[—aldyl] (a>0) TH X < ERWT & 3, FWHM O/h & WigFfIE 0.57~0.7" 2
BETHhD, ZOFHD line spread function ¢ Fourier Z£#i% MTF & U C#ET 3. H
b

[M (k)| =min. ‘ _/::g(djjexp[—idy-k]d(dy) : (4)

ZIZTRIZER 2n/A, AWXEE) T, isotropy #RET 3 (ky=k,=k). AL 7 line
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spread function (film No. 217 @ 19 A ® raster DF) o FWHM i3 0.69” TH 5. *
¥R OEEED FWHM 12 0387 TH 2 H» 5, 2Dk &0 seeing D FWHM(EHIX ¥
n, QIEROERAY v bOEELET)I1X0.57=v0.69"—-0.387* WARETHS. %7,
line spread function % wing 2\ T 120OHF Y ASHETHED L exp[— (dy)?/26%] £ L
el &, 0=0729(=0769/2/2In2) %3, Z#ix Schmidt EDOFE U HFEBRTDE o
<074 XD RRo/E L (LER [9)).

Z» MTF 2HE W THIEL 2 IRITO power spectrum 8 6 BicRx L7z, 28 (4)R
DIME) %28 IRFDO/NKICRT, POBNLIZ (arcsec)® TH 0, FAEH % f(cycle/
arcsec)=1/1 £ T3 &, KIRBEDOERE O fluctuation |

[r.m.s]?=27 f “PU)fdf (5)

rEOE S CuEt [10], ExXHE [10] © (14 R f BBEED 2D/ IT T 5B).
FIORIZ 2 DDEDOFEYD P K1) disk center &l L 7> Ricort & Aime DfE%E2RT

(z#k [10]).

_[7.9% (No.67) (Y &b 30% PRl
[r. m. S']“’""{7.0% (No.72) (/1 545 nm, 18 40 nm)

HSFEIE U 72 intensity fluctuation TH D, XE[I]DRE LY 05 DRI LER TORBR 6%
EBRBL—BLTWa, EBIZ(5)DFES% 159 (£=13.7Mm™!) TEFTLTWVWBEDTH
20, RICE I T P(f)HER [10] D e TERbLEBET S L, fo0 FTESL
Ty LEDEIZZENEFNE.1%, 7.2% T, HEDESKW,

Wave Numhber (Mm™')
logio P (aresec)? 5 10

T T

Corrected Power Spectrum

1.0 20

Cycle/arcsec
0.5 1.0 1.5
Cycle/arcsec

BWOH BELEABERIED $7—2~27 L EEBLE MTF
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BRAL7: MTF 2%, COREEROSREIGLEC 2 2THET 20 oF A LLw, HE
TREBESHDEAED L > 2, BAFIZL D seeing BE% DI L, R B o B T,
image degradation i3/3 s —TH 2 (BH1) »5, Hi TR MTF %R BB
RW2DI3ERTHZH, BED L Z 2 Fie 28B40, MTF i1 0=0"29 ICHHY T 3 23, B
FRTREED 0 ZEFITIE Oseeng =072 72 5, XHEE [7] TIHEA L Geens <071 EHETL
12DREH, THIERABETO /A XOBESTIESZ 5128 7T, Oseens =0.2" 12 ERE LT\
EBOND., bU Geeens 2074 THIITE B EEFE power 38T 2 L icie h, ~hid
reject T& 5 DA% 5§, disk center ¢ power spectrum £ b k% ¢ 7 3 "o, SEAW
72 Oseeing=0.2" (B (4) R THIERNCHK >72) 12, & 3F2E reasonable & B T L
7259,

4. KILORZEREEE D B S8R0

VA PIE 1962 FICEE 3T km OKFHFEADHEAD/ Y — > 2FR L, 5B
KRBT, ZDHRT VA Y v —IEFEETERAT 5 L BRORB OB RG24 0.3%
HEIWILERHELTWEY, RELEEZIOMmMERELTHIWE 2 28bY 2 HiE%
E27DTHA, FAFHOMBEIZ, FEFEIC L2 RABOEESRY > 5O L » Bk
REDED SN DEH, BRINZETHIEEDREDAEIALE NS BZH D,

ZDIDITX, 74 NLABEO—FRMELSRIELERYD, ABBRIIHE D KRS L BLHNE
Gk, VB EOERL OFRHKEHIZ ZOENICE->TWEDT, SEFVED 7 4 LA
DRERIT> 7, AV EEFEIFOE 10cm, KBHOERIZ 163 mm, HERIE 540 nm

(£¥EIEK 40nm) Tho7e OUEk [3]). BRCEALEZBmMm 74 va (793 =
TE—)DD BRI EEE L7 38 (Nos. 154, 155,157) % 30 umXx30 gm DR Y » b
T, 23.04x15.36 mm® OEMEICH 7 DEIEL, EECEHDHEBEK S RO (77— T8
BEAVZOTEZY), BREZEIORCET. SbHThTH»2MEHE (+0.02~+0.03)
TlkH 25, K2B8MmD L IAXEDHBERTE -2 0a 5402, Bz 23Mm, 38
Mm,é5Mmicb ¥ —2rndaeh s,

MTEKE LT 23.04mm DES2EFJIL(EEIBMm), 2OELICHLTET RS
—Z LB ERDI DB DDEFHTH S, FHLLEBIE 3D 7 4 LA EEE T 3072 5
AY—=TH 5. LFOTE— « B o £EER < 72 11. 52 mm (=98 Mm) D £ 2128t
LTSKRAEZMWI AL L% 3RATETT 2 &, 5 9 KT 45 Mm LLEOMEEI A
WRELSED B, 45 Mm KD E X x4 288, FEOBIRE2Z LOD, WAED
UBRES VNI Endol, 3SKAEAVEBEES28Mm O — 7 13FA L 0105<
THLZIOW, BRI -2 TH 5 I LICiRED KU,

BIOHTHRIE, £E23.04mmDEZ 2358, 2L CHER 7260
T, MM OE—IHNRBELNZ LI RGO FE LI LD TH S (4608 KDFE), &
NIZARATRELI LD RESIOTHY, FEFIC2KATESIC &, 32Mm DT
BRESCESD, 28MmOE— 7 i3RIFDHEARWTES>THS, 12, TO2ODEE
2HLEHROANREDZICHp0bST, NEBE—7 DMEL—L T3 (10 Mm, 13
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Mm, &L $R T35 16~18 Mm), TR DOIE—AEH v v v I — O EMRET
XETVWABIEETRTEEZTEIVESD,

:nifmf—&uéf74wA@*%ﬁﬁﬁmKﬁ%%tot%@?b%ﬁ,Yﬁ
Mz L > T HRBRDBERNPE TS,

oI, BrxOEH L7 28 Mm 0 B EAMBROE— 21, &S { BBRLIRBE I
ﬁm?éﬁéﬁtwﬁztf%é.%bwﬁ%tLT%Mm%®m®E—7ﬁ@ﬁ®b
DTHBDD, HiWiE, I0Mm 2l L7 BEREDEWE =27 DD DICT A
O EWD ENRREEINE .

5. #& &
1981 EE O RIKEFIZ, TEROREED v BARENE, <, BF2ERD2 QR A
otht, KEY AU TORMRMEE (1545nm) D3> b7 A b & 1 power spectrum
B/o .,
AVHELLEREED 3> T A ME 7~8% ThH 5. (cos =0.7, 0 13 A BB @ normal
LB HRDR T A).
b) 2 ¥k T power spectrum O [& ¥ K FF £ i3 disk center D T h & BLAITWw 3
(~e '),

1973 ED O 10 cm E&EE I £ 3 HRE M0 nm fHEDERAFTRC BT 5 FEER R
DB SRR &, #9287 km O EQMnADYT st THIRES BK
REERTbDOERbND, EEEHE VO TRES N EELTLIVIES 3. 2.8 77 km
Lk b EOMEERT E— 7 BRMAD-THED, ThoMAERTPRGBRORETDH
5.

1981 £ E OBEICKE L Tid FHHFFERN  LRFRZOFRC B HEH L7, EL 81l
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