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A Study of Olbers’ Paradox

Kazuo YOSHIOKA

ABSTRACT

Why is it dark at night? This question had worried some astronomers since it
was pointed out in the seventeenth century, that a night sky should be far
brighter than the present sky in the daytime, if fixed stars continue shining and
they are distributed in the universe without end. This is called Olbers’ paradox.
Astronomers advanced various opinions to resolve the paradox, for example, a
finite universe, an island universe, a hierarchical universe, and an absorption in
interstellar space.

At present, the paradox is considered to be resolved by the expanding universe
which obeys Hubble’'s law. The paradozx, i.e., resolved by two effects which follow
as a result of the expanding universe: 1) The universe has a finite age; 2) Both
the number density of photons and their energy are lowered.

The descriptions of Olbers’ paradox in popular science books contain many
problems. Some historical descriptions are incorrect, and some descriptions con-
cerning the resolution of the paradox are incorrect or cause misunderstanding.
Moreover, no book describes the fact that the finit age of the universe is much
effective than the other effect in lowering the brightness of night sky.

It is pointed out that the paradox can be resolved by the finit age of fixed
stars without the expansion of the universe, though the expanding universe
gives a persuasive explanation why many fixed stars shine presently. Further-
more, it is pointed out that an establishment of a theory is necessary for a
recognition of a paradox.
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5, kEZE, BRINESBOBVWES | EWHIYEHTRNRAGEL T, RIGLO
ELORBOTBRORWARR LN S, $k, FHERCHES RAREIC XD AEL
DB BIREBICE > TABOBIREREAR W] TETNF Py 7 ADEREETX 3, &L
TV ARbHBY, KRARBBTERELESZETREL, BHEO T RVF-2EDT 3
& CEFzxNVTF—YPR) ICLDEETEEDTH 3.

M VEEIC 72 58S, BEMBEANT T 3 V¥ —ShE L ETHENEL Sk 3 - & AR
BRTVBEERRFDIIV, 2L OKRTR, KFrxVF-ROBEZBITVEY,

F7, FHEEBOBBREICL >TH AN N—2D/5 Ky 2 ADETE 2 2 & 2R~
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1 ENROLB(ZEEEOES)

Oy

Qo 0 0.01 0.1 0.5 1
For z,=3
+1 e 0.392/0.608 0.391/0.606 0.385/0.592 0.365/0.546 0.347/0.510
+0.5000e0e 0.424 /0.666 0.423/0.663 0.414/0.643 0.388/0.584 0.366/0.538
0 - 0.469/0.750 0.467/0.746 0.454 /0.714 0.416 /0.631 0.3838/0.573
—0.50eeen 0.542 /0.897 0.539/0.8817 0.514/0.825 0.455/0.694 0.417/0.618
—1 e 0.750/1.386 0.723/1.305 0.627/1.048 0.512/0.789 0.456 /0.677
For z,=6
F1oeeeee 0.407/0.684 0.406 /0.681 0.398/0.657 0.374/0.592 0.354/0.545
+0.50ee 0.441/0.754 0.440/0.749 0.429/0.715 0.397/0.631 0.373/0.575
0 ceeees 0.490/0.857 0.487/0.849 0.470/0.795 0.426 /0.680 0.396/0.611
—0.5eee 0.571/1.045 0.566/1.026 0.532/0.921 0.466 /0.747 0.425/0.656
=1 e 0.857/1.946 0.786/1.622 0.651/1.170 0.523/0.845 0.464/0.7117
For z;=12
1 e 0.412/0.731 0.411/0.726 0.402/0.692 0.376 /0.613 0.356/0.561
+0.500e 0.447/0.808 0.445/0.800 0.433/0.753 0.399/0.652 0.375/0.591
0 oo 0.497/0.923 0.494/0.910 0.475/0.837 0.429/0.703 0.398/0.627
— (.5 0.582/1.138 0.575/1.107 0.538/0.967 0.468/0.770 0.427/0.673
=1 e 0.923 /2.565 0.804/1.784 0.657/1.223 0.526 /0.868 0.466 /0.734

Tl 5 A — 5 EBEN T X — Y ok L URYOREERE OFRG B 2O~ Ol A&
TERPRRTCOBHOEEMHEO LI REN TV S . HTFREEFEH I T 2HHET, SE3H
FIFEH I 2R, BEOXEE—EEL LTw3, £ OE&LIL/2EBET, BRIRIENE
1 2BRER T 2R LARES VI E&RT.

®2 WHRobkn FAREOESR)

[
Qo 0 0.01 0.1 0.5 1
z=3
+1 e 0.917/2.454 0.916 /2.447 0.911/2.390 0.893/2.206 0.873/2.058
+0.5eer 0.969/2.688 0.968/2.678 0.962/2.596 0.939/2.356 0.914/2.174
G e 1.037/3.029 1.036/3.012 1.027/2.884 0.995/2.547 0.964/2.316
— 0.5 1.132/3.621 1.130/3.583 1.116 /3.331 1.068/2.804 1.026 /2.496
—1 e 1.296/5.599 1.291/5.211 1.257/4.231 1.171/3.185 1.107/2.1736
z=6
+1 e 0.917/2.763 0.916 /2.751 0.911/2.653 0.893/2.389 0.873/2.200
+0.5 0.969/3.044 0.968/3.025 0.962 /2.887 0.939/2.547 0.914/2.320
0 e 1.037/3.462 1.036/3.430 1.027/3.212 0.995/2.748 0.964 /2.467
—=0.5 0000 1.132/4.221 1.130/4.145 1.116 /3.718 1.068/3.017 1.026/2.651
=1 e 1.296 /7.859 1.291/6.552 1.257/4.726 1.171/3.411 1.107/2.897

E£1ERBUE 720U, 2FEEETIEEL, 0.5umOEEETORMTHXT WS, HEOLEIE—
FELTVE, £ 04, HRBI/SEBETHE, HAOBLEZERICANIES S, HII1/4BE
UL TS0,
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TVWRBVLERSZWY, x5, BENREFHOFEMREOHMRED LL SHBEENIT L)
BEREVWLERREARIEEEE->TEW., ZOSIELTIE, P. S WessonZz 599
P. S. Wesson®aS— i At HGICE S FEEHO 7 ) - vy g N— kY Vo & 4 —
H—FEFVIREBOTEBE NS A -9 —EBENS X -7 —-OBEENLECHH BT,
FRNEFNRBEBOKEAMA 7202 & LHE).SlumOARNETOHL S 2HELTL
3 (KL, RXOEPSEZZLIKR, EEZODDIRLEZPLETIRIEL, EEcL
ZEERE L ORETH > TW3)., zhdlicLhid, FHEBOEREDREDHNE
Bl kzE», 2L CEESRIZNSEVESICHRT, 2BESTEF0E2 5%
12 (1), JEETRI/B~1/4EETHFRHRELIRITEMNM N (F2)., bo&b
CoRREEBONcbOROT, TRLFICHRSNh R TEZIETIoRT 52 &
BTERVWL, BEECZIETHARATISLESRVTHAD. Lrl, BRIROLF%E
HHEL TV hFHEHROBREIC DVWTERLBVWANREZ VW LEREETH S, Thi
SET LA, FHEROBMREOAHICERL TV EARTOFLROGNEE LWV

DIEfER Lz k5, T TIRMBIEEAE—BIICREIONTOWE A WA= DS
Ko7 203 EbE 5 TRIBENLS V.

5. B

PlERAtzESIT, A= D¥T Ky 7 RENy THOBEANCHE > FHOBEEIC &
DEREE N, E—BICEBEZIONTVWS, 21T, FHOEERICHY EROBIESD
3, THOLEFHEHOFREICL > TbEESRIc k- ThbEBETE, BRIRISS
EHFTRVF—FRICK > TORTHIR I L - ToEEETE 2 (BEFEHOTF VI
o TREBMTERVWES LD 2H). SSLIEBMICR, FHEHOBREC X258
DEARIITRE L,

Lo LFHEROAREOSRETAEN B I L3, EEOBEVTWAHHNSERE &
Th5. EE EBEOEMIBRTH . BEEOKE T V¥ —FEKMERIGC X DR
BRIz xv¥—Thh, BANEENL OBREICEBOBEE20L5THE. Lt
BoT, EEFHROL O ITWENEAES NS Z EMNBTNE, WEMERE LTHEL C
EOTEAHEIGERTH S, THbDL, & AFHOERIERETEESERIC—RRIC
[EMo>TWizE LThd, 85 Fy 7 23ERTES, BEEEL L OEL LTS 28RN
BRI DI, QORHRBEKO LR WhSTH D, EBMNICEZ T, FHLAKOYED
SPEEEARZDICE > TFEHOBRMSRIGEICER U 25860 TROEE FEAEE) oo
WKELWVLELED. potatf U TRR,

0e=23H"/87G {16)

(GRAABZHAEER) MEROIL>DT, H: LTREDODMHELI00km/s/MpcE AT 3 &
0e=1.9X10%kg/m* & 75 5. IHNBITXNTHLOEKS D LTI, TNUOBKESKIG
THEBRENE T2 LF—D FRIZHE FeDMOBEREBAMISHIET 5 2 2 V¥ —T,
Bz AV F—AmED0.89% TH 5, THbE, FHOTNTOYEISET LIRS
RS 0Bl s Nz 2 VF DR ANV F BB LIcE LTS, Bz xVF-
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FEOMEIZRXRBL-THLX10]/mM*TH 5B, —FH, bLbA M N=2D/5
Ny 2 B0 ->T, BESKBTEOLNEEEOHSE X251 51F, KBEOEAEE
BEZ6000KE L T2 OS2 VF—BEIR0.98]/m* &7 5. TOWMT 2V —BEIZ
FHEFEDEDE.5X10MEbH 5, VAN, FHOMEOHEEENEADE.5X10"
LB EB000K DI TR E 2T I ERTER VDI T, RELBEVDOZYE
(BR) oZEMBEENEE KD, EE) T ENTE S,

TDEHIIE, AWN=2DN5 Ky 7 20T, FHOEELZEDHTLEIRR
{, hEAFHOEBNERTEENSERICEN > TBY, FEIEELTWEL TS,
EEOHMPERTEMBEMBEVWC ETHIBTE20TH S, EFI DI Lid, §TK
ERENTOLEN®, bFDHOATVWIEVLESTH .

Lo L, FHOERVSEREOIEROERVPEREEGEICE, RAEEEMEVTWS
HHOHRANSKBEICL S, FHPEROBEN SFEELTWVWER LI, AREEMOER
BT CIEEXARITVWATREELSE WA S TH B, EVEING, H3EFEOHKETSE
BOEEMEWTVAERZIEY oI EIhoTH S, —F, FHOERWERT, &5
BTHhE > T 3HAEOFHRmIC LI NE, EESMRNICH 2EFLIEICEESHD /22
Lictzy, HEEOFEGVPEHOER LD bBIFICE Ruhid, RROBRMEE LTV,
ZOEWRTE, FHEROBREICES FHOBEN NS Fy 7 REBRLI, EE5C
EIMTELS, ok, MEOHEDEHEENENT &b, FHEROKREE L THHA
TE 5.

FNNR=ZDNS Ky 7 ZDEER, /¥5 Ky 7 RORVTEHICOVWTHREES % TL
N5, 2BONS Py 7 20EHAERTOMB L9, BEONEE b - TR DY
SNy 7 RZEZBZOCOREFNREEH LV ETREL., Lrl, EVNERICEN - TR
DEVWT WA EWVWS T EN—BITEBIN S &I/ - 16 HREDIE, D5 Ky
7 ZAERERBICHD EFEE30R 0. 2hRYEEBEO~QDRRE bHEEINRTE
HODT, ENDLBROILLBVTHAS, EBERINTVRIELHETHAS., L
HLENEREFI, NS Fy 7 22T E3H0E LTRESNABRVRLTVE LS
i, W2EAEH I FNVF—FEIREESFCOHEATELLVIFHBED B -0
T, TONF Ky AQBEHOFZUHZDOEOPELNT VW LD EEBbNE, /3
5Ky 7 RELTORBEIERORBIIKETHDTH B,

CDEITANN=ZDNRT Fy 7 RAFVAVEREEZH AT NBETH 5.
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