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Fundamental Textbooks

A.S. Eddington 1926 S. Chandrasekhar 1939



Numerical Table

equations & parameters

M. Schwarzschild & R. Härm, 

ApJ Suppl,  No.10, 1955



2 B FH for 
Nucleosynthesis

E.M. Burbidge, G.R. Burbidge, 

W.A. Fowler & F. Hoyle, 

Rev. Mod. Phys., 1957



Classification of processes for nucleosynthesis, 

Rev. Mod. Phys. 1957

H-burning

He-burning

α-process

x-process

e

r

p

salmost the same figure

in Fowler, B & B 1955

3α(1952), C/O(1954-)



Standard text book “Stellar Structure & Evolution of the Stars

M. Schwarzschild, 1958



HHS for Evolution of the Stars 

C. Hayashi, R.Hoshi & Sugimoto 1962



slide rule

2 x 3 = 6

abacus

TOOLS



TIGER

by hand

TOOLS-2

Machine (gear) calculators

MONROE

electrically driven



Hayashi’s sayings (aphorisms)

林 語録

• Extend the problem as wide as possible

• Then, concentrate to the central problem

• Avoid unclear assumptions

• Return to physics (esp. to elementary processes)

• Construct a system from elementary processes

(René Descartes: Discours de la méthode pour bien 
conduire sa raison, et chercher la vérité dans les 
sciences 方法序説)

• Construct a whole story (of evolution)



Electron deg core leads to red giant (1947)



1945: fixed



Included: (REL) 

Degenerate electrons + ions

radiation pressure & pressure ionization



Integrated envelope solution inwards,

subtracting nuclear energy generation until L(r)=0

to obtain the core-mass



mass fraction of the core  M*/M           

Capella                     0.047

Zeta Aur.                   0.028

smaller than S-C limit (1942)

M*/M

0.047

0.028

logU* log V*

-2.03  -1.28

-2.85  -1.19

Hayashi C.,1947,PThPh,2,127



1950



Type A)  Local Physics

- micro processes under given environment (Descartes)

- e.g.,  p/n-ratio in early Universe, origin of the elements

though the environment changes in time as specified by other principle

Type B) Physics including (spatial) structure

- characteristic of Astronomy

- e.g., stellar spectra formed in stratified layers

< structure given by other principle (incl perturbation  method)

Type C)  Global Physics for structure & its formation

- should be solved as a whole system (beyond Descartes)

> behavior as a whole appears beyond the sum of local physics

Three types of Physics

flow changes structure

structure assumed

as environment for local phys

(including linearlized flow)

non-linear feedbk



el-deg core; effect of non-deg ion (1957)



Ion pressure makes

the core mass smaller?

>
Hayashi C.,1947,PThPh,2,127



el + ion

el only

log U

vs

log V

plane

admired

by Martin

as

Hayashi’s

invention

U=0.001

Hayachi C.,1957:PThPh,17,727 



contracting He core

by Sandage 

& Schwarzschild 1952

U: small

similar figure 

for el-deg He core

(no ion-pressure)

by Schwarzschild 

Rabinowitz & Härm1953

models with H-He 

intermediate zone

(stability criterion)

by Härm

& Schwarzschild 1955



Hayashi & Cameron

15.6       ,  1962

stars in

He-burning

stars in

C-burning

& later

f: onset of

C-burning



HHS

(1962)
4

15.6

later comp → Red-giants of 15.6       contains stars in He burning

SN1978A  →  Star in the later phase could be a yellow giant,

if its envelope mass was lost in the preceding phase



To extend the evolution computation

through C-burning phase and beyond

it was necessary to formulate

the surface Boundary Conditions

including the effects of

convection

with finite efficiency of heat transport

co-existent with radiative transport,

incomplete ionization,

and opacity at low temperatures.



photosphere: optical depth (↓with hydrostatic equil)

homology variables:

effective polytropic index, and homology parameter:

eq of state only at the photosph:

luminosity:

Boundary Condition fm photoshere outwards



HHS (1962)

dimension ?

dimension ?result:      almost const

E=45.46 ?

only

when  

i.e., when in equil.



Hayashi lines

Hayashi & Hoshi (1961)

lower    

for larger E

E=    

Success:

Hayashi lines 

and Hayashi phase,

which opened 

a new paradigm 

for the origin 

of the solar system



comparison with 

observed giant branches

of some clusters 

HHS (1962)



Comparison with young cluster NGC 2264 

Hayashi, PASJ vol.13, pp. 450-452, 1961



Hayashi phase

pre-main-seq contr; 

initially

wholly conv case

1     

HHS (1962)

lower     

for

larger E

Dwarf-type solution



Hoyle & Schwarzschild 1955

for Globular Cluster

fitted to env sol
higher       for higher E

fitted also to core sol
(time sequence)

Giant-type env solution

Described also in detail

in Schwarzschild’s book 1958



Hayashi lines for different  

eliminate 

result                 : 

relation to homology parameter: 
:   13/4    3 2    3/2 1     0

β :    +2/9   0 -2     -6 ∞   +6   

N=3

N=3/2



Difference on E dependence comes from:

definition:

fitted to core:

For dwarf-type sol: […] ~45. Radiative core results in smaller E

For giant-type sol: ξ very large but compensated by large diff inσ’s

For R=const: smaller E→ largerσ→ higher  

→ more photons escape → higher L (Hayashi)

surface at pt d only:

↑ phtosph cond 



HHS (1962)

Not the dynamical evol, but thermal instability

Evolution in the forbidden region ?



Change of entropy distribution

from birth through Hayashi phase

0 0.5 1

q = M_r/M

σ

0: initial

4: Henyey stage
3: radiative core 

appears
(core cooled**)

2: convection
inwards

(Hayashi phase)

1: surface cooled*

* optically thin

** more transport
ideal gas & Kramers’



Why Prof. Hayashi so great

• Constructed not only the theory of stellar evolution and protostar formation, 

but also a systematic theory for the origin of the solar system, Kyoto model

• Awarded:

- for evolution of the stars (& protostar 1961-) 

Eddington medal (1970); Imperial Prize of the Japanese Academy (1971) 

- for origin of the Solar System 1970-

(promoted also cooperative research with geoscientists)

Order of Culture (1986); Order of Sacred Treasure, First Class (1994); 

Kyoto Prize (1995)

- for lifetime contribution,  Bruce Medal (2004)

• Pioneering works (He began the fields before others can notice)

-----------

• Established the discipline of nuclear astrophysics in Japan

（Nurtured so many disciples）
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