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Bruno Rossi (1905-1993)

Bruno Rossi

• Founded Univ. of Firenze physics insti-
tute at Arcetri (1920)

• Cosmic ray studies beginning in 1929

• Univ. of Padua (1932-38) ... ,
University of Chicago (1939)
Cornell Univ. (1942)
Los Alamos (1943-46)
MIT (1946-70)
Univ. of Palermo (1974-80)

• Worked with Riccardo Giacconi to ini-
tiate X-ray astronomy from sounding
rockets (and ultimately satellites).
Discovery of extra-solar X-rays (Giac-
coni et al. 1962)

• Connection to interstellar dust?
X-ray imaging and spectroscopy now
provide valuable constraints on grain
size distribution and composition.
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Plan

Today: Discovery and Early Characterization of Interstellar Dust

1. Some Examples of Obscuration

2. First Recognition of Obscuring Dust

3. Early Characterization of Reddening and Extinction

4. First Theoretical Discussion of Particle Size

5. Early Modeling of the Size Distribution (1940s and 50s)

6. Discovery of Polarization of Starlight by the Interstellar Medium

7. UV and IR Spectroscopy of Dust

8. Recognition of Stars as Producers of Dust

Friday: Modern Observations of Interstellar Dust

Monday: Theoretical Models for Interstellar Dust
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Obscuration: Some Examples

Full-sky view of Milky Way in visible light (Mellinger 2009)
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Obscuration: Some Examples

Dark Cloud Barnard 68 (M ≈ 2M�, D ≈ 0.1 pc).
Image courtesy of J. Alves, C.J. Lada, and E. Lada
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Obscuration: Some Examples

Detailed views of the Sombrero Galaxy (Hubble Space Telescope)
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Obscuration and Infrared Emission
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Obscuration and Infrared Emission

starlight dustglow
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When Was Obscuration First Noticed?

William Herschel, 1738-1822

• Project: star counts
carried out “sweeps”, counting
stars visually

• Noticed that star densities
showed large variations in some
areas.

• Why?
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When Was Obscuration First Recognized?

Herschel (1785), “On the Construction of the Heavens”,
Philosophical Transactions Series I, 75, 213-266
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When Was Obscuration First Recognized?

Herschel (1785), 38 pages later...

A Hole in the Sky?
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William Herschel: “In the body of the Scorpion is an opening, or hole...”

∼30×20 arcmin region centered on RA=16h 23m 25s, DEC=-24 deg.
(from Google Sky)
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William Herschel: Observing and Theorizing...
It (M80)

Idea: Stars now composing M80 (about 2 deg S of the “hole”)
were drawn from the field, leaving a deficiency nearby.
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Obscuration Not Recognized As Such

Herschel (1785) Map of the Galaxy
Based on Star Counts
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When was Obscuration First Recognized as Obscuration?
Edward Pickering (1897), discussing star counts:

Edward Charles
Pickering (1846-1919)
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Quantitative Studies of Reddening

J. C. Kapteyn (1909a):
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Quantitative Studies of Reddening
Kapteyn (1909a):

Kapteyn (1909b):
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Quantitative Studies of Reddening: Trumpler (1930)

Robert J. Trumpler
(1886-1956)
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Trumpler (1930)
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Trumpler (1930)

...

Trumpler’s value of AV /(AB − AV )=0.38/0.32=1.2
was not accurate – true value is closer to ∼3.1.

But the interpretation was correct.
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Where Did the Dust Come From? – Lindblad (1935)
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Oort & van de Hulst (1946)
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Oort & van de Hulst (1946)
• Mie theory for scattering

and absorption by spheres

• Calculate reddening pro-
duced by size distribution

• Done during WWII
Computationally intensive.
Computational resources:
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Oort & van de Hulst (1946)

• Oort & van de Hulst (1946) attempted to
predict dust size distribution from for-
mation/destruction balance.
Many assumptions...

• Typical particle radius ∼0.1µm, sharp
fall-off for larger sizes.
We still think this.

• Relatively few small grains
(dn/da ≈ const for a <∼ 0.1µm).
Problem: no measurements of UV ex-
tinction in 1946!
Today we think that there are many more
small grains.
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Polarization of Starlight

• Aim: to measure polarization of light
from distorted stellar atmospheres in
close binaries. (Polarization should de-
pend on phase of binary orbit.)

• Instrumentation check: observe ordi-
nary stars, which should emit unpolar-
ized light

• Surprise!: light from ordinary stars is
polarized! (Hiltner 1949; Hall 1949)
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Polarization of Starlight

• Polarization correlated with E(B − V )

• Stars nearby on sky have similar direc-
tion of polarization

• ISM is a polarizer!

– new property of space?
– aligned dust grains acting as a

polarizer?

• Several theoretical papers in 1949-51 trying to explain alignment of interstellar dust...
some wildly incorrect.

Alignment problem remains challenging....

26 B.T. Draine Rossi Lecture 1 Arcetri 2012.11.28



Developments in the 1960s and 70s: UV and IR

Balloons (e.g., Stratoscope II, 1971)
Interstellar grains are not H2O ice!

(Danielson et al. 1965)

Aircraft in Stratosphere
NASA Learjet, 30cm telescope, 1968-
IR absorption and emission features

Sounding rockets (suborbital)
Discovery of 2200Å extinction feature
(Stecher 1965) and rising extinction in

vacuum UV (Stecher 1969).

OAO-2 (1968-1973)
OAO-3 (Copernicus: 1972-1981)

IUE (1978-1996)
thorough studies of UV extinction curves
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Where Does the Dust Come From?

• Pickering (1897), Kapteyn (1909a), Trumpler (1930):
“meteoric matter” of unknown origin.

• Lindblad (1935) proposed grain growth by accretion in ISM, and in dense
star-forming regions.
Further elaborated by Oort & van de Hulst (1946), with H2O ice expected
to be important grain constituent.
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Where Does the Dust Come From? 2.
• Hoyle & Wickramasinghe (1962) proposed

formation of graphite in the atmospheres of cool carbon stars.

• Seemingly supported by discovery of 2200Å extinction feature in UV
spectroscopy from rockets:

Stecher (1965) Stecher (1969)

• Small graphite spheres expected to produce absorption peak matching the
observed 2200Å feature (Stecher & Donn 1965).
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Where Does the Dust Come From? 3.
• Gillett et al. (1968) measured (from ground) first mid-IR spectra of M

giants and supergiants:

Discovered 10µm emission feature in α Ori (Betelgeuse; M2 Iab), µ Cep
(M2 Ia), o Cet (Mira; M6-M9), and χ Cyg (M7). No identification made.

• Larimer (1967) discussed condensation in cooling gas of solar composi-
tion, and Gilman (1969) applied this to M giants.

• Woolf & Ney (1969) proposed silicate grains as source of 10µm emission
feature in spectra of giants later than M5, and supergiants later than M2.

30 B.T. Draine Rossi Lecture 1 Arcetri 2012.11.28



Characteristics of Interstellar Dust as of 1975
• General view: interstellar dust is “stardust”:

– silicates from cool stars with O/C> 1
– graphite from cool carbon stars (C/O> 1)

• size distribution:

– Most of mass in 0.1 < a < 0.3µm particles
(these particles dominate the optical-IR extinction, and account for
scattering in reflection nebulae)

– Most of the surface area in small a <∼ 0.02µm particles
(to account for rise in extinction in UV)

– Some of the a <∼ 0.02µm particles are graphite
(to account for the 2200Å extinction feature)

• Particles are nonspherical and somehow aligned to produce polarization
of starlight

• Particles are expected to be heated to ∼20K by interstellar starlight, should
radiate near ∼100µm
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Next 2 Talks

2. Modern Observations of
Interstellar Dust

• Extinction

• Scattering of Optical Light

• Scattering of X-Rays

• IR Spectroscopy

• Diffuse Interstellar Bands

• IR Emission

• Microwave Emission

• X-Ray Spectroscopy

• Presolar Grains

• Grains Entering the Heliosphere

3. Theoretical Studies of
Interstellar Dust

• Interstellar Extinction and Polar-
ization

• Scattering Properties

• Heating/Cooling of Grains and
IR Emission

• Rotational Dynamics and “Spin-
ning Dust” Emission

• Grain Destruction in the ISM

• Implications for Grain Evolution
in ISM
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THANK YOU
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