Cume exam ..., given by R. Walterbos | #'330

Please read all the questions carefully. If anything is not clear to you and leads to confusion as to how
you interpret that question, then comment on that in your answer. :

This cume is in part based on the paper "The Detection of Molecular Gas in the Qutskirts of NGC
6946" by Braine etal., 2007, ApJ 669, L73. Note that not all questions are related to the paper; although
several of them do make use of the information in the paper. I tried to phrase the question such that
even without having taken ISM or Radio, you might be able to get a long way to the answers,

Each question is 5 pts, maximum number of points is 50. Scores over 75% are a definite pass.

‘1. What is meant with the quantity "Rys" that is used throughout in the paper?

2a. Why do they observe CO to trace molecular hydrogen gas? In particular, why not observe the H,
molecule itself? How is the CO molecule excited such that it will emit the lines observed in this paper?
2b. Molecules can generally have three principal types of transitions that give rise to emission of

photons. One of them is vibrational transitions. What are the other two types? What type of transitions
are observed in this paper? '

3a. Calculate the beam sizes of the [RAM telescope at the two frequencies that were observed and see
if you agree with the values given in the paper. In general there can be slight differences from the
"theoretical beam size". What can cause such differences for a radio telescope?

. 3b. Why would they use a "position switching mode" for the observations (page L.74)?

3c. Verify the spatial scale for the distance to NGC 6946 given in the paper (the conversion from
angular to linear size). :

3d. For aradio telescope beam size as given in the paper for the CO 1-0 transition, convert a "beam-

averaged column density" of 0.5 X 10% H, molecules per cm’ to a total mass in molecular gas detected
inside one beam for the distance quoted (5.5 Mpc). '

4a. The systemic radjal velocity (helio-centric) of NGC 6946 is 46 km/s. For the orientation as shown
in Figure 1 and given the spectra in Figure 2, in which direction is the galaxy rotating, clock-wise or
counter-clock wise? Explain your answer. :

4b. Assume that NGC6946 is a disk galaxy with a flat rotation curve and circular orbits for the gas
clouds. Which group of points will have the most different observed radial velocities compared to the
systemic velocity of NGC6946, those near P2 or those near P8? Explain why.

- 4c¢. Under the assumptions of a flat rotation curve with gas on circular orbits in a disk, calculate a



minimum for the mass of NGC 6946 interior to point P8, assuming a spherical mass distribution. You
can find the relevant data values that you need from Table 1, Figure 1, and Figure 2. Hint: Picture a
particle in circular motion, as seen perpendicular to your tine of sight. Place a point A on the circle.
Now incline the circle around a line going through the center that does not inte

rsect point A. You need
to convert the observed radial velocity at point A to an actual circular velocity. You will need to use

some geometry, and find the inclination of the plane of NGC 6946 to the sky plane and the position
angle of the major axis; you can estimate those from Figure 1.




o
CyME 330
§O/%acfbmJ
1525. 25 velen o a wudpe 514'5»,1%@{; ot in
May /W ec’. '7715 Sarolowd codiden /s Kr e
£ mog fimpt
| ﬁﬁ’m&n&n*ﬁ' -
/—‘/2 doeq not /]'a’a(/C « df}ﬂcfe M.W ar a Sgmnessrc

mco/eao(g Lo ,'z,L' a/oe, nuf\% e nor-rnas
Coolfcotl T4 conclipn.

. | :

CO s Je naxt abinolonf moleche arl how votabsral
bemaduns P é’ué) mm - regive Srad- are ecaaf'fj

ex credd éj collsjonar  with (omortZy) Hy, moleatles  cvenm
N~ cold Gas. é[%ce. QD ‘s aafrdd@r For ’L’('z-

g/eM@ Py ibony ( /ile ;r‘/\ a%sm;) - MOJ'(T) mn U V/Wa,g
vibradsoral prangFry — (W) [
rotagomal framdgibons  mm aro submm reyme.

gbm %@fﬂoc‘%

= 15 2% Ghlaz o~ =2 bamm
bz (radlt ary) . Furst ~ F+2 3 _ 2y 5

_ o | )
ﬂ/'J /5 vey Ao b calug gren ey .
E’cou/fa/(éﬁ wﬂe,d%ww& €-g. o OCCerR OV/ ‘

y €9 i

Of-.(d—.&/_@.agh oF mymwew, avol [l i lammation ’ of Che
pomary éj Jre W"‘w "horan" Frat jcomnecds
gg/m,{ receeld o receier,. | oleets

( L ovxss s«@



>

26 C/J%«//j Aore QU A chocd fo onake Swse wh o .é)a,,\o/ cr i

¥4 A0 1y receteof ey
ST?, lie [E - “bogm Jwikehmg ", VN DAN GV frot

Se 17 i e Lalend- fo : =6 e
. : % 6 o Facliay, 6.
and 21" = Zg/ac, e

o %_: 0.5 %" M inotecus, [con

ée@:m Sike /5 20" Fuet
So beown cres (onty cud oo W/Wfdéﬁ} /g

" W’(/of'yj‘ = 36 3¢ PSP ascrec, o
2-46 xro® joct
= 2.3Y x(o v2 con>-

- y ; g 20
- 72:«‘&/{ enorss /s 0.5 %o X 2.8 x'(o‘ﬂ x 2 x 164 x/de
V4 yen
i, - ",

= 2.8 X 3 = /95 %ot My,

.
——,

éo«o&m‘j/ ot #j/ k2 we tee fraf Spechenn  PE jr o
e <o b o blue—ch/ e

Aok ise, L sypied coms are By lpwers: 4
Aoy avy laoiny, fUu W'ﬁé& A /

Unr amo| Gakety (7 W? ounfer ~odunse . %y s

2, 7@/\(@4‘\’5,@/// o




€D

The JEOINE e Pz ave coser to SR mpor axy
Shan “rose near T8 arol Aence will shows a (/A@//.o
cAoser to the. Syitemic vedocity (as TP specha i 777 2
con qém) - | | |

é@?’tefd’/f v o C":MC/) For ISty
| e "“""";,

rtebed

% lrnoc:

P8 is at /3 R)zs* We won estbimote ;@T ﬁzm»z;;/

Se 6wr ¥ = (/eg) (‘3.9‘) = /2.9 Kpc | :

Extimode inhilctbion angle bmn  oSi o lemydn mxhdcs:;‘ta;}{ __Z-D,m F"
/@ng/l\maj  } 1T}

b we newt fo empmrote Y, . |

Fhret consicder - @ JfAxy qen  eslge—on (/e £=G°)

hows L{fadm{ cﬁomgei AR O edaad-> o !

e l chf’( A

Gy () =1, 501

& "*"'Lé/'kc. sing
We naet fo Aofornine ¥ S an inUed

x'_ _X

T o
QL‘M\O(: "E'
font = 9
3(!
= 9._621—( =

X

x| ‘

Mearse (x.9) » 7 @ =~ 29°

(30 wm, [bom



Koo Ve = (Yo Sing ) sin ¢
| /pmjec/vw\ dacty dug Fo inchnadon

/47‘5’( Vi, = -L'{ala;'

e = = = /97 [‘_"_”
‘ Cindg gn ¢ J 2
Brol 1 (ry = g2 v o ) B2y b)® (3.056x:8)¢
& é.6 x’/o‘g

= 2.4 K/oqqg

f

~ ]/ yc/o’ _ Wo

—— —me e



