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In this lecture....

* Parallax
* Magnitude scale
* Photometry

* Spectroscopy




What do we observe In stars?
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Parallax & Background Stars
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(a method for obtaining the Y x W
distance to nearby objects)

Parallax is the apparent change in
position of nearby objects relative
to more background objects as the
observer changes position. As the
earth revolves around the sun, the
apparent positions of nearby stars
change relative to background
objects.

Parallax

T d
Where d is the distance in parsecs — 1AU @
and 1T is the parallax in arc seconds. JU'\ L - an.




Parallax measurements

Proxima Centauri (a member of the triple system of Alpha
Centauri), has a parallax of 0.76813"

- d= 1/0.76813, or 1.302 pc . .
Barnard's star p= 0.54831", d=1/0.54831 ~ 2 pc

Errors in parallaxes were 0.001”

has measured only about 100,000 to an
- accuracy of 0.001"

Now comes Gaia!!


https://www.britannica.com/topic/Hipparcos
https://www.britannica.com/science/satellite

Luminosity and Flux

Luminosity - A star produces light — the total
amount of energy that a star emits per second is
called its Luminosity.

For the Sun:

3.846 x 1026 watts (3.846 x 1033 ergs per second)

Flux —If we have a light detector (eye, camera,
telescope) we measure the light emitted by the
star — the total amount of energy intercepted by

the detector divided by the area of the detector—
called the Flux.

Luminosity does’nt depend on distance!!
Flux Depends!!!



Luminosity

(the total energy that a star produces each second)

Luminosity depends on both the radius of a star and its
surface temperature. It is the product of ...

- Flux - the total energy produced each second by each
scquare meter of a blackbody radiator. Given by the
Stefan-Boltzmann Law in units of J/Is-m?2 where
temperatures in Kelvin.

|
f =0T
- Area - the total surface area of the star (area of a sphere
in m2). =
A=4nrR

Thus, the Luminosity in units of J/s is given by:

L =4xnR*cT"?



Flux and luminosity

Flux varies as 1/distance2

Mathematically, if we have two stars A and B

Flux, Luminosity , | Distance , ?

Flux, Luminosity , | Distance ,

Brightness of a star ~ flux, not its luminosity.

Brightness = Flux.



Hipparchus of Nicaea (c. 190
—¢. 120 BC) Founder of
trigonometry, discovery of
precession of the equinoxes:
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Limit of Hubble & Keck {30} ?3?“
Hale telescope limit (27) 2

1-metre telescope limit (19) ‘é’%‘.

Binocular limit {10)

Barnard’s Star (9.5)
Naked eye limit (6.0)
Polaris {2.5)
Betelgeuse (0.8)
alpha Centauri (0.0)

Sirius (-1.5)
Venus (at brightest -4.4) .

Full Moon (-12.5) .

Sun (-26.8) .
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| Ma'gnitu_de Scale_

1856 of Oxford
proposed that a logarithmic scale
of 5V100 = 2.512

For two stars which differ by 5
magnitudes, the flux differs by a
factor of 100

Smaller magnitudes are brighter!
Magnitude is a logarithmic scale!


https://en.wikipedia.org/wiki/Norman_Pogson

Intensity and Magnitude

(the magnitude system is a logarithmic expression of intensity or flux)

Five magnitudes corresponds to 100 factors of
intensity. Thus, each magnitude corresponds to 2.5
factors of intensity.

1
(100)5 =2.512

Thus, we can compare the intensities (fluxes) of stars
and A and B by forming a ratio and calculate their
maghnitude difference.

IA {mﬁ_mﬂ}
= =(2.512
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| Mag_nitude scale (Apparent)
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Absolute Magnitude

(useful for describing how intrinsically luminous objects are)

Absolute magnitude is described as
the apparent magnitude an object
would have at a distance of 10
parsecs.

Imagine moving all of the stars in the
sky so that they reside on a sphere of
radius 10 parsecs that is centered on
the Earth. The apparent magnitude
that these stars would have at that
time is their absolute magnitude.
Thus, it is a theoretical quantity.

Absolute magnitudes for stars ranges
from about -8 for the most energetic
stars to about 15 for the least
energetic.




Distance Modulus

(a useful quantity for determining distances)

The distance modulus is the
difference between apparent
magnitude m and absolute
magnitude M for an object.

m— M =—5+5log,.d

m<M —-d<10 pc
m=>M —d>10 pc

Fra— A

o = (lopc) x10 > Rule: A distance modulus of 5
corresponds to a distance of 100 pc




The Absolute World!!!

Apparant Absolute
magnitudes magnitudes




Bolometric Magnitudes

Flux varies with wavelength.

We need to observe at all wavelengths of EMR, from gamma rays
to the longest radio waves.

Quantities integrated over all wavelengths are called bolometric
guantities

When we do multiwavelength astro, we are extrapolating/
Interpolating bolometric mags!



Photometry: Measuring Photons

See lecture on Telescopes.....
Magnitude limits for detectors:
Human eye 2mm 6

6" 12.9

18" 15.3



Photometry: Measuring Photons

Magnitude limits for detectors:
In general m=2+510g D
(D 1n mm)

Human eye 2mm 6
6" 12.9 log (152 mm)=2.18
18" 15.3 log (457 mm)=2.65



Photometric systems

Three rough categories based on the size of the
wavelength intervals transmitted by their filters.

Wide-band systems (such as the UBV system) have filter
widths ~ 900 A

Intermediate-band filter widths ~ 200 A.

Narrow-band systems are used to isolate and measure a
single spectral line and may have widths of 30 A or less.



_UBV system

Relatve Transmission

U for ultraviolet, B for blué, and V for visual.
Central wavelengths : U - 3600 A; B - 4400 A, V -5500 A
Width: 1000 , B filter (3900 A - 4900 A)
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Colors
B—V =mp — my

B—V=mp—my=—25log(fg/fy) + constant
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Pecaut & Mamajek (2013)
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Spectral Type, Color and Effective Temperature

for Main-Sequence Stars (continued)

Main-Sequence Stars (Luminosity Class V)

Sp. T.

“Typ [0:9) Lits R/Ry  M/Mg ~ Mpy  BC My U-B B-V
GO 5940 1.25 1.06 1.05 +4.50 -0.18 +47 +0.06 +0.58
G2 5790 1.07 1.03 — 4466 =020 +49 +0.12 +0.63
Sun® 5777 1.00 100 100 +474 -—0.08 +4.82 +0.195 +0.650
G8 5310 0.656 096 — 4520 -040 456 +030 +0.74
KO 5150 0.552 0.93 079 4539 =031 +57 4045 +0.81
KI 4990 0461 091 — 4558 —037 460 +0.54 +0.86

—K3——4690———0318 086 —  +598 ~050 +65 +0.80 +0.96
K4 4540 0.263 0.83 — 4619 -055 467 — 4105
X5 4410 0.216 0.80 0.67 +640 —072 471 4098 +1.15
X7 4150 '0.145 0.74 +6.84 —101 +78 +121 4133
MO 3840 0.077 0.63 051 +7.52 -138 489 +1.22  +1.40
M1 3660 0.050 056 — +7.99 —1.62 496 +1.21  +146
M2 3520 0.032 0.48 040 +847 —189 4104 +1.18  +1.49
M3 3400 0.020 041 4897 =215 +11.1 +1.16 +1.51
M4 3290 0.013 0.35 — 4949 238 4119 4115  +1.54
M5 3170 0.0076  0.29 021 +10.1 -273 +128 4124  +1.64
M6 3030 00044 024 —  +106 —321 +13.8 4132  +1.73
M7 2860 00025 020 —  +113 =346 +147 +140 +1.80




Spectroscope

Source

White light

The same gas but
cold

White light

Continuous Spectrum

Bright lines characterising
the gas

Dark absorption lines
characterising the gas




How to find the Temperature?

To measure the temperature of a star we use must measure the spectrum of
the star and then apply more physics

We assume the star is a “black body radiator” and then we can compute the
temperature from the spectral shape.



Temperature

Looking at individual spectral lines in a star’s spectrum defines thl the
spectral class of the star ~ temperature

Hor hlackhody

Ahbhsoprption line speciram

Emission line spectrum



a seguence of stellar flux profiles
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Definition of Spectral Resolution

» Spectral Resolution=R = A/dA
where A is the operating wavelength and 4 A is the
smallest wavelength interval that can be resolved

» Photometry R < 10 for 6\ ~ 1000A

» Low Resolution Spectroscopy (or Narrow Band
Photometry) R < 100

» Medium Resolution Spectroscopy 100 < R <
10,000

» High Resolution Spectroscopy R > 10,000
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Doppler Shifts

Thermal/Pressure
Broadening

Chemical composition....



Quiz 2....



| Inte_nsity

The monochromatic intensity is the brightness of a beam of radiation.
dEv = IvdA dT dv dw

where dEv is the amount of energy passing through an area dA in time dT, over a
frequency interval dv, into a solid angle dw.

The units of Iv are ergs cm-2 s-1 Hz-! sr-1.

Simply, I, is the brightness of a photon. Since photons do not decay, I, must not
depend on distance. This is implicit in the definition that I, is per steradian (the
beam spreads out - but it doesn't lose energy). |

The total intensity I is the monochromatic intensity I integrated over all frequencies.

The units of I are ergs cm-2 s-1 sr-1,



Flux and Inténsity

The monochromatic flux Fv is the integral of the product I,cos(8) over all solid angles.

This is the net flow of energy perpendicular to some surface dA whose normal makes an angle 0
with respect to the observer. ' : : ;

Note that flux is a vector. It depends on 0. Intensity is a scalar. We: often separate the flux into two
parts, an ingoing and an outgoing part. F=F+-F-. In the case of stellar atmospheres, F-, the
incoming part, is negligable. The units of Fv are ergs cm-2 s-1 Hz-1,

For an intensity Iv, the flux emitted by a stellar disk F =nl..

Often in astronomy, we define flux = F/m, such that the numerical values of I and F are the same.

The luminosity L is the brightness integrated over all angles and wavelengths.
The units are energy/time. L = 4nd?F.
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