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Summer Student Lecture Notes 1970
" PULSARS

R. N. Manchester

Late in 1967 astronomers at Cambridge, England, discovered pulsars;
Thevaefe found by a graduate student who‘Was studyiﬁg’interstellaru

SC1nt111at10n with a large array 0perat1ng at low frequenc1es.' Initiallyf

‘ a‘four pulsars were found Ln this way. Slnce that time the number of known
pulsars has grown to 50 and observatlons have prov1ded much 1nformation on

.the processes involved.

The basic prouerties>of pulsars are asifollowa:
H 1) Intense shoft‘uuratiEn pulses with a duty cycle of abeuﬁ'sz.
- 2) Great‘regularity iﬁ the pulse repetiﬁion rate. |
3)»Apparently erfaticuvafiation in the pulsevamplifude.va.

Pulsar radiation is dispersed by the interstellar medium--lower

~ frequencies propagate with a smaller velocity and so arrive later.
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- ¥Tig.8. Afast galvanometer recording of a train of pulses from CP 0328 received sxmultane-
ously at frequencies of 151 MHz and 408 MHz (on August 4). The dispersion delay of near]v
six periods is evident. . .

-The dispersioﬁ measure for a given pulsar is. defined by
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The variation of dispersion measure with galactic latitude shows that

ﬁ#léarS'are confined to our'galaxy but‘are’widely distributed through it;

This is also shown by the distribution of the pulsars in space--there is a

considerable clustering'of pﬁlsars along the galactic plane.
As pulsars have a very stable period, the signal/mnoise ratio of observa-

tions can be improvéd'By averaging together-mahy’pulses. The mean pulée»_



systematic variations of the poiar—"

‘ization parameters across the pulse.

- region, as the region cannot be much

o

;R. N“Manchesﬁer 1 N ';:5‘f,~.. o - v l ”v} | i 3

profile obtained in thiS.way remains the same for a,giveh pulsarﬂbut differs

greatly from one pulsar to another.

CP 0328 .
.. 035 MHz
13 ms

Observations with orthogonal feeds

show that the pulses are often

AP A A

highly lihearly;polafized with

CP 0808
1S MHz
Ims

As theseAmean‘pulseiprofiles do not - — e

differ from day to day they must be .
. 1506
' : B 0.35 MHz

determined by the emitting regions 3 ms

at the pulsar and not by propagation

effects..
o | - . PSR 179 -28
Single pulse observations show %;:m
. : ) . : S
that the pulse often has very narrow
spikes of emission, in some cases as
L. - PSR 2045 16
narrow as 100 us. Variations in ¢ MHz

.6 ms

intensity this short put strong

limits on the size of the emitting

50 ms

Fig. 5. Mean pulse profiles at 408 MHz over periods of 10 min on
. the ve pulsars. For cach snurce the bandwidth and overall resolution,
. . includmg dispersion and time constant, are indicated. The aerial
larger than the distance 11ght would . polarization was circular for the first three and linear for the other two.

: ' .
travel during thé rise of the spike. =7~
Irthis case the limiting size is about 30 km. .

Observations of successive individual pulses have also shown that, for

several pulsars, a series of subpulses shift stea&ily across the main pulse.:
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Fig. 1. Pulse shapes of fiftecn consecutive pulses from the pnlsars

AP 2015+28 and CF 1919, Observed with time constants of 2-6 and

1-0 ms, on September 10 and August 26, 1963, respectively, and at.a

radio frequency of 428:5 M1z, The points designate the intrapulse time

of subpulse maxima, Smull points indicate that. the time.of maximum
subpulse intensity is poorly defined.
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‘:In all cases where this effect

has been observed, the subpulses

move béckwards through the mean

- profile. This effect can intro-

duce a periodic variation into
ﬁhe‘pulsé amplitude. Scintilla~
tioﬁ effects‘in the interstellér
medium pfoduce irfegular
fluctuétions_iﬁ the pulse

intensity. After scattering by

" clouds. of interstellar gas some

of the radiation interferes con-

structively producing strong

pulses, while some interferes

destructively producing weak
pulses. Powér_spectrum analysis
can be used to find the periodic
comﬁonenté in the pulse amplitude
variations. So far they héve
been found in about one-third
of_the knowﬁ pulsaré;
Scintillation also affecté
the spéctrum of tﬁe pulsar
radiation. Sdme frequency ranges
are enhanced by the constructive
interference while sbmé others

are depressed. The enhanced bands
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at a different frequency.

If the power averaged
over all scintillation

effects is measured at a

‘number of frequencies, the

Qﬁerall spectrum of the
radiation.can'be deter-
mined.‘ In all cases  the
power is lesé‘at_higher

frequencies; however the

 falloff isvfastervin some

pulsérs‘than in'otheré.
Thése meésurements are
complicated by the fact f
that the méan'pulse'iﬁ—

tensify at a given frequency

~can often vary by large

amounts, sometimes greater

than an order of magnitude,

over periods of a few weeks.

L I

‘tend to last for several minutes and then die out with a new band appearing

v 20h00m

uT

“19h ‘30m-M‘//—~»\ f/@\(&%“w

=N\

CP 0328

408 MHz

e 2.5 MHZ >

Fig. 1. Successive mean pulse spectra from CP 0328 at 408 MHz at
intervals of about 50 s. The frequency resolution is 60 kHz and the
spectra include the effect of the receiver pass-band.
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Timing

Thevmost uoteworthy thing about pulsars*is-their extremelyﬂstab1e 
vpulse repetition rate. Observations hsve‘shOWn thst'iu.most pulsars‘the
period is slowly increasing. For example the Crab Nebula pulsar (which |
has the shortest known period) had a perlod of

| 05033 099 324 10 o x OfOOOIOOO 000 05
at 00h ouAJune 27, 1969, end a'rate‘of‘inorease of period.ofi

422.66 x 10‘15‘s/s or 36.518 .ns/day.v |

'Generally those pulsars w1th the shortest perlod have the fastest rate
of slowdown. To obtain these very accurate periods and period derlvatlves
the pulsar must be observed_for a 1ong period. Times of pulse arrival
oalculated using an assumeo period‘are compared with tﬁose‘observed.andi
'uew parameters are cslculated so that the differences between the:caloulated
and observed values are ﬁiniﬁized. If;the period has a‘significant'rste
~of change the residuals form a parsbolavandAthe period first derivative

can be‘calculated from the shape of the parabola.
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» Fig. 1. Dm‘erenee dl between mcasured and predicted arrival timea for four ulsmrs (a) CP 0834 (b CP 0950, CP11
The initial date is Julian Day 2439900- g(l ‘ebruary 14, 1968) ) (C) P1133, (d) CP 1019,
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Pulsars a£e pot always sé pfediétéble. ADﬁring Mércﬁ, 1969, the.period
.6f'théfVelé pulsaf suddenly decreased py abéut‘ZQO ns,vand‘tﬁgn resumed its“
régdlar increase. éince_then the Crab Nebula puiéa:.has,also suffered a
"~ similar but smallef jump. | |
| The pulsar in the Crab Nebula has been the most inﬁensivelY‘étudiédv,
and is the most interesting.féf a numbér'éf'reasons; v_fv |
i) It has the shortést‘knoﬁn péfiod and the lérgééﬁ knowﬁ fate of
‘change of period. | |
"~ ii) It is the only kﬁown pulsar aésociated with an optically visible
objéct——the Crab supernoﬁé. The pulsar in Vela is the'oniygdthér for which
the pulsar~$upernova‘association is feasonably cerﬁain.
iii) It is the oﬁly'bulsar from which pﬁlées of visible light have
been observed. | |
ﬁ.iv) Simiiarly, it is the iny one from Whicﬁpfuléea x-rays have been.“

observed.

'Modelé

Of the many ﬁodé1s proposed fofvpulsafs oniy one, thé rotating neufrbn'
star, appearé to fit’all thé observgfional data. In thié model thé pulséd“
nature of fhe radiétioh is acéountedvfor by a narrow beam from the star
sweeping past the‘observer‘as the star rdtaﬁes——the so—calied'lighthéuseb
effect; The material of the star muét45e.very dense to prevenf the sfar
bursting apart at the high fotétional velocities'obse;ved. It is‘thought
-that heutron stars have about the éame mass as the sun, but a diameter of

only about 10 km; that is, a density<6£ 100,000,000 téns/cm3}
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_Négtron stars:afe thbught‘to bé the COndénsed remhantIOf a star; formed
ffollowiﬁg.a supernoVa’explosion. As the magnetic fieidvremainsvfrozeﬁ in
during the collépée'éf tﬁé.star, the.magﬁetic fiéld 6f‘avneutron staf will
‘be very large—-about:lo12 gauss ét the surface 6f‘tﬁe star. In general_
the magnétic axis will nbt coincide with the rotation axis, so we have fhe
"oblique rotator" moael for pulsars. |

;The pulsed emissioﬁ from'thejpulsar’must ﬁe geﬁerated withiﬁﬂthe
""'velocity of light cylinder'; that is, the‘cylinder'éligne& along the
o rotétién‘axis at whicﬁ the tangential velocity due to ro;ation‘equalsbthe'
velocity of light.  Beyond this surface the magnetic field and plasma

: . 7/ ) .
cannot co-rotate with the star. Observations of polarization changes across

the pulse indié;te>that the emission probably originateé_close'to a magnetic
pble} Bécause of tﬁe curvature of the field line,ultra‘felativistic‘barticles
moving out from the pole along é field line radiate a narrow beam at radiob
frequencies in the difection'of their instantaneous vélocity. If the |
_ particles are gyrating round the field 1ines they wili also fadiate optical
“"synchrotron radiation. Céherent ﬁrocesses are reqﬁired t§ account for the
pulse intensities observed.

 This model explains the very-stable pulse repetition‘rate and the slow
inqrease iﬁ period. Becadse of dissipation of energy in various radiation
processes the rotation is gradually slowing down, resulting in a slow>
increase in period. The pefiod jumpé seen in the Vela and Crab éulsars are
thought to be.due to a small star—-quake on the néutron'star. A decrease in

radius of only 1 cm is sufficient to account for the speed-up observed in

the Vela pulsar.



'NGC 7822

W)

 G. Westerhout; BAN 14, 215 (1958)

Flux at 1390 MHz

' S. Sharpless‘ Ap. J. Supp. 4, v257 (1959)

R.W.

A.D.

‘List of 313 HII reglons

Wilson, J. G. Bolton, P.A.S.P. 72, 331 (1960)
Flux at 960 MHz

Kuzmin, et al., Soviet A.J. 4 909 (1961)

- Flux. at 3125 MHz

Co Ro
Ro W.
w. Eo

J.L.

Lynds; Pub. NRAO 1 43 (1961)
Flux at 1400 MHz :

Wilson; Ap. J. 68, 181 (1963)'V'
Flux at 960 MHz ‘

Howard III, S. P. Maran, Ap‘ J Supp. 10 1 (1964)

© #1 in list

Caswell; M. N R.A.S. 137 141 (1967)

‘VAFlux at 178 MHz

. N.H‘.‘

Dieter, Ap. J. 150 435 (1967)
‘Electron temp. from 158-alpha line

-w. M. Goss; Ap. J Supp. 15, 131 (1967)

OH position

‘E. Churchwell, B. Felli; Astron. and Astrop. 4, 309 (1970)

"Flux at 5. .0 and l 4 GHz



NGC 1491
(CTB 12)

' W. E. Howard III, S. P. Maran; Ap. J. Suppl. 10 1 (1964)
#137 in list :

€. Field; M.N.R.A.S. 137, 419 (1967)

Compute electron temp. and emission measure



- NGC 6523, 6530
M.8)

'J. Bok, E. F. Reilly; Ap. J. 105, 225 (1947)

‘Remarks on existence of small, dark globules

D. Thackery; M.N.R.A.S. 110, 343 (1950)
Observations of brlght rims around dark lanes

A. Schajn, W. F. Hase; Proc. USSR Acad. Sci. (Doklady) 83, 47 (1952) 
Mass of M 8 = 5300 M (sun) .

A SchaJn, W. F. Hase; Mitt. Astrophz§ ob. Krlm. 8, 80 (1952)
> Mass = 3200 M (sun) and Ne = 53 cm ,

Courtes; Comptes Rendus 238, 1971 (1954)
Comparison of radial veloclty of stars and nebula

_Pottasch BAN 13, 77 (1956)

Discusses brlght rlms and relation to exciting stars

~H. Schulte; Ap. J. 123,.250 (1956)

Objective grating spectra of Herschel 36

H. Herbig; Ap. J. 125, 654 (1957)

"Position of em1351on line stars in M 8

E-*Osterbrock;-Ap. J. 125, 622 (1957) .
List of comet—tail'structures

G. Velghe; Ap. J. 125, 822 (1957) :
Findlng chart for two ‘bright knots close to Herschel 36

G. Velghe; Ap. J. 126, 302 (1957)

: Positions of-H-alpha emission stars

- F. Walker; Ap. J. 125, 636 (1957)

UBV observations of 118 starts 1n NGC. 6530

‘Sharpless; Ap. J. Supp. 4, 257 (1959)

List of 313 HII reglons

-I. Pronik; Mitt. Astrophys. Obs. Krim. 23, 3 (196

Electron temp. and star membership in M 8

~J. Woolf; P.A.S.P. 73, 206 (1961)

Dlscussion of Herschel 36

E. Howard III, S. P. Maran, Ap. J. Supp.'10 1 (1964)
#517 in list

A. Hiltner, et al., Ap. J. 141 1183 (1965)
g Brlghter stars of NGC 6530 a: are cla351fied between 05—B3
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NGC 6523,’6530.(¢ontinued)

H. Dieter, Ap. J. 150 435 (1967)
Electron temp. from 158-a1pha recombination line

’.M. Goss; Ap. J. Supp. 15 131 (1967)

OH positions

G. Mezger, A, P. Henderson, Ap. J 147, 471 (1967)‘;
~ Flux at 6 cm. ,

G. Mezger, B. HBglund Ap. J. 147, 490 (1967)
Electron temp. from 109—alpha recombinatlon line -

Pelmbert Ap. J. 150, 825 (1967)
Discusses _possible reasons why different methods give -
different values of electron temp.‘

A. Cummingham; Ap. J. 151, 945 (1968)
Gives distribution of N N

- Foukal; Astroph. and Space Sc1. 4 127 (1969)

Core expanding from H-alpha and [NII] observations

Louise G. Monnet; Astron. and Astroph. 1, 153 (1963)
_Electron temp. from H—alpha and [NII} 11nes

‘K. Milne, E. R. Hill" Ans J. Phys. 22 211 (1969)

Relation to. superova remnants

Anderson; Ap. J. 160, 507. (1970) . v
Reddenlng of Herschel 36 and HD 164906 '

Petr031an, Ap. J. 159 833 (1970)
-Electron temp. from IR 11nes

C . Reifenstein III, et al., Astron. and Astroph. 4, 357 (1970)
Electron temp. from 1 109—a1pha line v N

E. Turner, et al.; Astron. and Astroph. 4, 165 (1970)

F1nd no H20 em1331on
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‘NGC 1499

u. Mayall P.A.S.P. 65 152 (1953) .
Radial velocity of cloud and excit1ng star

Pottasch' BAN 13, 77 (1956) :
Discusses brlght rims and dlagrams thru relation to excitlng stars

Sharpless, Ap. J. Supp. 4, 257 (1959)
Gives list of 313 HII regions

K. Seyfert, et al., Ap. J. 132, 58 (1960)
Gives spectral types of early stars - in II Persel associatlon

R. Lynds; Pub.. NRAO 1, 43 (1961)
Flux at 1400 MHz

Terzian; Pub. NRAO 1, 1205 (1962)

Flux at 750 MHz

E. HowardIII S. P. Maran, Ap. J. Suppl;';gg 1 (1964)

- #136 in list

_Fleld M.N.R.A.S. 137 419 (1967)

Electron temp.’ and emission measure !



~ NGC 7538

" C. R. Lynds, Pub ' NRAO, 1 43 (1961)
Flux at 1400 MHz o

J. Schraml, P. G. Mezger; Ap. J. 156, 269 (1969)
General discussion of HII regions. Contour
“map at 1.95 cm. '



NRAO 591/593

" D. 0. Edge et al.; Mem. R.A.S. 68, 37 (1959)
I Flux at t 159 MHz for NRAO 593 :

I.I.K. Pauliny—Toth et al.; Ap. J. Supp. 13 65 (1966)
: ’ Flux at 750 and 1400 MHz

P.J.S. Williams, et al.; Mem. R.A.S. 70, 53 (1966)
- Flux at 38 MHz for NRAO 593

"E. B. Fomalont; Ap. J. Supp. 15 203 (1967)
‘ Flux at 1425 MHz .

:'-J F R. Gower, Mem. R.A.S. 71, 49 (1967)
' Flux at 178 MHz ,

V A. Hughes, Jour. R.A.S. Canada 62 192 (1968)
Dlmen31ons for NRAO 591 and 593.

~ D. RlStOW, Beitrlge zur Radlo—Astronomle (Bonn) l 65 (1968) -

NRAO 591/593 not observed at 2695 MHz down to 0.2 f.u.

V.A. Hughes, R. Bulter; Ap. J. 155, 1061 (1969)
General discussion for NRAO 591/593

S I S e o i e



NGC 6611 -
(M 16)

A. D. Thackery; M.N.R.A.S. 110, 343 (1950)
' Observations of'bright'rims around dark lanes

‘S. Pottasch BAN 13 77 (1956) : :
- Discusses brlght rims and relation to excitlng stars

D. E. Osterbrock; Ap. J 125, 622 (1957) ~
Gives list of comet-tail structures. and exciting stars

| G. Westerhout; BAN 14, 215 (1958)
‘ : Flux at 1390 MHz

S. Sharplessj Ap. J. Supp. 4 257 (1959)
List of 313 HII regions

M. F. Walker; Ap. J. 133, 438 (1961) |
UBV observations of 532 stars. Also shows positions of variables in nebula

W. E. Howard III, S. P. Maran; Ap. J Supp. 10 1, (1964)
#527 in 1list

Y. Terzian;-Ap. J. 142, 135 (1965) . . C
Observations at 405, 750 and 234 MHz. Gives brightness contours at 1410 MHz

N. H. Dieter; Ap. J. 150, 435 (1967)
- Electron temp. from 158-alpha list - .

J. E. Dyson; Ap. J. 150, L 45 (1967)
‘ Electron temp. obtained using non-LTE

W. M. Goss; Ap. J. Supp. 15, 131 (1967)
OH p031t10n oo

P.G. Mezger, A. P. Henderson; Ap. J. 147, 471 (1967)
Flux at 6 cm .

P.G. Mezger, B. Hoglund; Ap. J. 147, 490 (1967)
Electron temp. from 109-alpha line ’

A. A. Cummingham; Ap. J. 151, 945 (1968)
Distribution of electron density, and estimates an expansion age

M. E. Sim; Pub Royal Ob., Edinburgh 6, 181 (1968)
Finds 3 "certain" globules, 3 "probable" and 2 "doubtful" in M16

W. A. Hiltner, W. W. Morganj; Ap. J. 74, 1152 (1969)
Photometry and spectral types of 15 stars
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NGCI6611,(continued)

Louise, G. Monnet; Astron. and Astrop.'l' 153 (1969)
"Electron temp. from H—alpha ‘and [N II] lines

Felli, E. Churchwell Ap. J. 160 43 (1970)
Flux at 15.4 GHz

M. Hjellmlng, R. D. Davies; Astron.,and Astrop. 5, 53 (1970)

. Electron temp. from recombination 11nes

C. Rlefensteln IIT et al.; Astron. and AstrOp. 4, 357 (1970)
~Electron temp. from 109-alpha line ~ .
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NGC 2024
(Orion B)

Sharpless; Ap. J. 116, 251 (1952)
Spectra and lum1n031ty c1a581f1cat10n for 190 stars
of Orion group ’ -

‘Sharpless; Ap. J. 119, 200 (1954)

Spectral class for 184 stars -

W. Morgan; Ap. J. 121, 611 (1955)

Photographs of Orion and other nebulae

Rishbeth; M.N.R.A.S. 118, 591 (1958)

Isophotes at 19.7 and 85.5 MHz

Westerhout; BAN 14, 215 (1958)
Flux at 1390 MHz

J. Roblnson, Sky and Tel. 19, 152 (1959)
Finding chart for variables in and around Orion reglon

S. Bennett; Mem. R.A.S. 68, 163 (1962)
Flux at 178 MHz

S. Hall, B. Iriarte; Bul. Tonant21nt1a y Tacubaya 3, 336 (1964)
Find polarization of 0.22 Mag for a star (for f1nd1ng chart,
see article below)

L. Johnson, E. E. Mendoza; Bul. Tonantzintla y Tacubaya 3, 331 (1964)
- UBVRIJK observatlons of a highly reddened 0-B star"

E. Howard.III, S. P. Maran, Ap. J. Supp. 10, 1 (1965)
- #199 in 1ISt

H. Dieter; Ap. J. 150, 435 (1967)
Electron temp. from 158-alpha recombination line

G. Mezger, A. P. Henderson; Ap. J. 147, 471 (1967)
Observations at 6 cm

G. Mezger, B. Hoglund; Ap. J. 147, 490 (1967)
Electron temp. from 109—alpha recombination line

Zuckerman et al.; Ap. J. 149, L61 (1967)
Conclude nebula not in LTE from observations of 109-alpha and 137-beta

F. Gardner, M. Morimoto; Ans. J. Phys. 21, 881 (1968)
Flux at 5 GHz .

F. Garrison; P.A.S.P. 80, 20 (1968) . : ‘
Spectrum of highly reddened star [see top of this page] is B0.5 V¥ P
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NGC 2024 < SR
- (Orion B) continued = ' o

P. G;-Mezger, S. A. Ellis; Asttophy. Letters, ;},159-(1968)_'
Electron temp. frOm 109-alpha recombination line

Y. Terzian et al.; Astrophy. Letters, l 153 (1968)
Flux at 74 195, 430, 750, 1410, and 15350 MHz:

. B. Zuckerman, P. Palmer, Ap.'J.'153 L 145 (1968)
) Discuss microwave recomblnatlon lines -

M. A. Gordon; Ap. J. 158, 479 (1969) : ‘
Observations of 94—a1pha recombination 11ne, doesn t think eta Ori is
the exc1t1ng star :

J. Schraml P. G. Mezger, Ap. J. 156 269 (1969)
Contour map at 1.95 GHz

B. E. Turner, A. J. 74 985 (1969)
: " OH not found

TR. M. Hjellming, R. D. Dav1es, Astron. and Astrophys. 5 53 (1970)
~Get ‘electron temp. from recomblnatlon lines

E. C. Reifenstein III et al.; Astron and Astrophys. 4, 357 (1970)
‘ Electron temp. from 109-alpha recombination 11ne



"NGC 2237-2246
. (Rosette). -

A. Schajn, w. F. Hase} Proc. USSR Acad Sc1. (Doklady) 83 47 (1952)'
Mass of NGC 2237 = 104 M (sun)

A. Schajn, W. F. Hase; Mitt. Astrophy{*Obs, Krim. 8, 80 (1952)
For NGC 2237, get mass = 5800 and N, = 28 em™3

C. Ko, J. D. Kraus° Nature’ 176 221 (1955)
Flux for NGC 2244 at 242 MHz .

W. Morgan, et al.; Ap. J. 121 611 (1955)
Photographs of | Rosette and other nebulae

Pottasch° BAN 13, 77 (1956)

Discusses brlght rims and thelr relatlon ‘to’ excitlng stars.

L. Seeger, et al.; BAN 13, 89 (1956)
Flux for Rosette at 400 MHz

.Westerhout;'BAN.li, 215 (1958)

Flux at 1390 MHz for NGC 2244

A. Hoag; E. v. P. Smith; P.A.S.P. 71, 32 (1959)

. Photoelectric photometrv of 63 stars in NGC 2244

~ Sharpless; Ap. J. Supp. 4 257 (1959)

List of 313 HII regions

E. Harris, J. A. Roberts; P A.S.P. 72 237 (1960)
Flux at 960 MHz v o

R. Allen, et al.; M.N.R.A.S. 124 477 (1962) :
Obsetvatlons at 158 MHz w1th long base ‘ine interferometer

L. Johnson; Ap. J. 136, 1135 (1962)
Photoelectric measurement of 46 stars in NGC 2244

D. Kuzmin; Pub. Phys. Inst. USSR Acad 17 84 (%962)

Observatlons at 9.6 cm glve density of 12 cm

K. Menon; Ap. J. 135 394 (1962)

Observations at 10 cm give density of 13. 7 em™3

‘D. Davies, H. M. Tovmassianj M.N.R.A.S;'127; 45 (1963)I

Get mass and density

E. Howard III S. P. Maran; Ap. J. Supp. 10, 1 (196&)
#223 in list .

W. Morgan, et al., Ap. J. 142 974 (1965)

Spectral classification of 17 stars in. NGC>2244



. NGC 2237 - 2246 (continued)

W. G. Mathews; Ap. J. 144 206 (1966)
Radlo observatlon of a a mlnlmum in central reglon '

_N. H. Dleter, Ap. J. 150, 435 (1967)
Electron temp. from 1 158-alpha recombination 11ne

W. M. Coss: Ap. J. Supp. 15, 131. (1967)
OH posit1ons

J. A. de Boer, et al.; BAN 19, 460 (1968)
' Electron temp. from 166-alpha récombination 1ine

~ D. 0. Edge, et al.; Mem. R. A.s. 68, 37 (1968)
Flux at 159 MHz

J. Meaburn‘ Astrop. and Space Sci 1 230 (1968)
Photographs of Rosette in Ha, [OII] and [0I11]

M. E. Sim; Pub. Royal Ob., Edinburg 6, 181 (1968)
Finds one certain globule in NGC 2244

'Smith;.Astrop._and.Space'Sc1..l, 68 (1968)
Hd obServations of rad. velocity )

Anderson; Ap. J. 160, 507 (1970) . T o
Reddenlng for two stars: HD46150 and HD46485 T

Dufour, Lee, Ap. J. 160 357 (1970) , R -
Reddenlng for Rosette determlned from 10 cm and recomblnatlon lines

N R I A S . e e e . L . — . N . e - . R R o .



"R.
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' NGC 3031
o 81)

fHanbury Brown, C. Hazard; Nature 172 853 (1953) -

‘ Flux at 158 5 MHz

'W. Boggess; P.A.S. P.A7l 534 (1959)

Optical Isophotes

de Vancouleurs; Ap. J. Supp. 5, 233 (1960)
Positlon, color and type of | galaxy :

‘S. Heeschen, C. M. Wade; A. J.- 69 277 (1964)

Flux at 750 and 1400 MHz

Arp, Science 148, 363 (1965)

‘Detection of faint luminous ring {see photos in

Sky and Tel. ég} 141 (1965) and 35, 11 (1968) }

De Jong; Ap. J. 142, 1333 (1965)

Contours at 750 and 1410 MHz
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NGC 2403

E. Howard III, S. P. Maran" Ap. J.‘A Supp. 10, 1 (1965)
#258 in list

S. Roberts, I.A.U. Sym. #31, 189 (1967)
"21 cm contour plots glve ring dlstrlbutlon

A. Tammann, A. Sandage Ap. J 151 825 (1968)
.General investlgatlon of NGC 2403 '

Guelln, L. Wellachew, Astron. and Astrop. l. 10 (1969)

R1ng pattern of Roberts (above) not found
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