Ast 207 F2009

Weighing a Galaxy—13 Nov

» Weigh Galaxy NGC3672  * Hwk 8 is due Mon, 16".

« Find that mass is much Hwk 9 is due Fri, 20%.

— Questions about measuring the
more than that of stars & mass of galaxies.

gas. — No late papers. Answers will
¢ The dominant mass is be put on angel after class.
Ca”ed “dark matter.” . Observing on Wed & Thurs,

18th & 19t Extra credit.
e Test 3 is on Mon, 231,

— Covers material through “What
are galaxies made of?”

» No class on Wed, 25t,
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Weighing a galaxy with
the Doppler effect
* To find mass of the galaxy, measure speed & size
R of a planet’s orbit. Kepler’s 3 Law:
M =R V2
» Under the influence of the gravity of the galaxy, a

blob of gas orbits the galaxy. If the orbital speed
IS greater, the mass of the galaxy is greater.

Mass Test object Motion Behavior if more massive
Eros / Earth | A ball Drop of Im | Time is shorter

Sun Earth An orbit Period is shorter

Galaxy Cloud of gas | Speed Speed is faster
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1.

2.

Vera Rubin & colleagues took two
spectra of NGC3672.

NGC 3672, Vera Rubin, Norbert
Thonnard, & Kent Ford, jr., 1977,

- Galaxy is like a spinning plate. Astrophys. Journal 217, L1.

—  Outer parts of galaxy spin more
slowly than a rigid plate. MAJOR AXIS
In the spectrum along the major ~ N6C 3672
axis, what shows that different
parts of the galaxy are moving at
different speeds? My answer is
A. right.
B. wrong.
Why is the same motion not seen
in the spectrum along the minor

axis? 5, PRORTRSGINS & (N
A. The motion is perpendicular to the § :
line of sight. =
B. All parts move at the same speed. ) _
C. Parts that move at differing speeds | LLIJ e AL NSO 1
are blocked. it T T 0 s

q';l.uu e idiviteal ieetenes may o Moenaibed. | . )
w42 spctrus, exposise T, Hote inchsation of wiless smsiasicn s Ha, ¥ 1, ared 5 2.
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How fast is the entire galaxy movingaway =~ NGC 3672, Vera Rubin, Norbert

':ron;gjgk / Thonnard, & Kent Ford, jr., 1977,
. m/s

B 1850 ks Astrophys. Journal 217, L1.

C. 1650 km/s

ngy is the entire galaxy moving away from
us?
A. ltis rotating
B. Bigbang
C.  Supernova
Key idea: There are two motions:
—  Entire galaxy is moving away from us
because of the Big Bang.

VELODITY (KM 5™')

—  The parts of the galaxy are in orbit. attmn,
What is the rotation speed of gas that is 16 ¢ "** L L™
kpc from the center (at left part of graph)? = ® e woLae o caaxy #
A, 2040 km/s wool- T T e 4
B. 1850 km/s wsole  * T . ' N
C. 190 km/s = . oo™
If the mass of the galaxy were greater, would TR L . PR S—

the speed of the entire galaxy be different? SEC 0 ARG O Ser
If..., would the rotation speed be different? Fic. 3.—pper, major axis heliocentric velocities on plane of

A YY sky, as a function of distance from the nucleus. Lower, minor axis|
. velocities as a function of distance from the nucleus; note change

B. YN in scale from upper plot. The steep velocity gradient in nuclear

c NY region along minor axis is prominent.

D.
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Gas at R=16 kpc orbits the galaxy at 190

km/s. Mass within 16 kpc

How does the spread-out galaxy pull on the

gas? B oo TN,
-y . - o e 0o 125
The gas orbiting the galaxy at radius R feels 2ol ” A
the pull of the gravity of the galaxy as if the s “wis. 2imn, 5
mass within the orbit is concentrated at the - s u e
center and there is no mass outside the orbit. z el . i
— Newton: If galaxy is spherical, § imoot- s 1
» Mass inside 16 kpc pulls on gas as if it is * ool T
concentrated at the center. g - E— o nnn_zé;-m~ =
* Pull of mass outside 16 kpc cancels out. g T T T
— Outward pull of nearby mass cancels the g . . - ® 1
inward pull of the greater mass on the other lasore  ° . N tet IETI.
side. ool . -
— Approximately true if galaxy is not spherical. Sk FR— PR

SEC OF ARC ON SKY

K S Srd LaW: The mass InSIde Of radlus R IS F16. 3.—Upper, major axis heliocentric velocities on plane off
M(R) = 232 Msun/parsecl(kmls)z R V2 sky, as a function of distance from the nucleus. Lower, minor axis)

Lo | / velocities as a function of distance from the nucleus; note change
Within a radius of 16 kpc, the mass is

in scale from upper plot. The steep velocity gradient in nuclear|
region along minor axis is prominent.
232 Mg,,/pc/(km/s)?*16,000pc *(190km/s)?
= 130Billion M.

Where is the mass? Is the mass all in the
center of the galaxy?
— Examine the rotation curve.
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Where is the mass?

YA MO OFA 0 JE2

(=] 0 25 [+ ar ool asi

»  Hypothesis: The mass is all in N - R
the center of the galaxy. . L

Compare the rotation curve of - —oel

the galaxy with that of the solar K Lo

system, where the mass is all in :

the sun. e ..’:“"’i!‘ oot

- “Rotation curve” is a plot of . N ~{ooat
rotation speed vs. distgnce from o — o
center.

5]
YXAIAD 30 3MA9 W1 agX

5. Inwhat way is the rotation 50 1+ Mercury
curve different from that of the 40

solar system? Speed is lowest in 3 = venus

center.
TT for galaxy & solar system
TF
FT
FF

Sow>»

Earth
Mars

X Jupiter

® Saturn

R[AU]

8 10

12
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Where Is the mass?

Hypothesis: The mass is all in

YH2 MO ORA 0 O3
the center of the galaxy. Woox e 2 @ 0 & o F;m oop 2
Compare the rotation curve of N .. P o
the galaxy with that of the solar . T
system, where the mass is all in Y Loe
the sun. _ . - e
In what way is the rotation L
curve different from that of the IRRCIRT. rer® ™"
solar system? v |  Jo0at
GaIaXy ¢ YA LD ‘w‘oosnnm P o
*  Rot speed in center is low %
= Rot speed rises between 0 & 8 as | M
kpc .
=  Rot speed is constant beyond 8 T 30 ——Earthr
kpc. £ > Mar
Solar system 51 X dupiter
*  Rot speed is highest near sun. s -
Hypothesis is wrong. Mass of s ‘2 A : o 1
the galaxy is not all in the RIAU
center. It is spread out. Ast 207 E2009




