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1. (a) COBE

(b) cosmic microwave background

(c) Big Bang Theory

2. (a) SN UDS10Wil, 7, 9

(b) 22, C

3. (a) M87, elliptical galaxy

(b) Chandra, x-ray, EHT, radio

(c) 11, event horizon of black hole

(d) 17, 19

4. (a) 15, NGC 2623 (APR 43)

(b) star formation

(c) 27 or 21B

5. (a) gamma ray burst

(b) 2, GRB 150101B

(c) gravitational waves, 26

(d) too far away

6. (a) 3C273, quasar

(b) 12

(c) 30, optical, X-ray, radio

7. (a) Bullet Cluster (IE 0657-56)

(b) collision of 2 galaxy clusters

(c) baryonic (normal)

(d) 5, dark matter

(e) dark matter does not interact
with normal matter

8. (a) gravitational lensing

(b) magnifies very distant and faint objects

(c) 4, MACS J1149.5+2223

(d) furthest individual star observed

9. (a) Sculptor wall, WHIM

(b) 31

(c) quasars

(d) mass of the structures (missing matter)

(e) 24, 33

10. (a) JKCS 041, most distant galaxy cluster

(b) 6, galaxies

(c) 25

(d) 28, 21A

11. (a) quasars

(b) faint x-rays (weak carbon in UV)

(c) thick disks surrounding the black hole

(d) growing extremely rapidly

12. (a) MACS J0717.5+3745, galaxy cluster

(b) 4 galaxy clusters in a collision

(c) 16

(d) separation of dark normal matter

13. (a) 29

(b) how did massive black holes form so quickly

(c) direct collapse of gas clouds

14. (a) morphology

(b) by interactions

(c) elliptical, spirals, irregular

(d) 27, 21B

(e) 28, 21A

(f) 27, 28, 21A,21B
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15. (a) A

(b) No He lines, no H lines, prominent SiII lines

(c) Type Ia SNs result from white dwarf progenitors, where the star’s hydrogen and helium
layers have been stripped away. The strong silicon line is present due to the fusion of
carbon and oxygen present in white dwarfs (Type Ib and Ic lack these lines because they
are the result of core collapse in a massive hydrogen-deficient star, such as a Wolf-Rayet)

16. (a) Blazar

(b) Material from a relativistic jet produced by the AGN is moving near the speed of light,
approaching the speed of its own radiation, giving the illusion of transverse movement

(c) Superluminal motion

17. (a) X-rays in those frequency ranges are preferentially absorbed by interstellar material

(b) Warm-Hot Interstellar Medium

(c) Problem: the amount of detected baryonic matter is significantly less than theoretically
expected. These missing baryons may be contained in the WHIM.

18. (a) C

(b) Dark halo

(c) At most, MACHOs comprise 20% of this dark matter;
current observations suggest a much lower percentage

(d) Gravitational microlensing;
light from behind a MACHO is amplified as it passes in front of the source

19. (a) F

(b) A

(c) Black hole

(d) D

(e) C

(f) Unified model

20. Type Ia SNs are often used as standard candles, due to their consistent relationship of bright-
ness to distance. This consistency, however, only holds up to a certain distance ( 5 billion
ly), beyond which Type Ia SNs are consistently dimmer than they would be if expansion
were slowing, implying the opposite. Conversely, rather than showing inconsistencies in spe-
cific objects, the CMB shows a broad pattern of fluctuations from a standard background
which are expected to result from deviations in mass-energy density. These deviations are
thought to result from dark energy, which creates clumps as it accelerates the expansion of
the Universe.
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21. (a) April 2012

(b) 12:30:49 + 12:23:42 (accept 12:30:44-12:30:54 + 12:23:37 - 12:23-47)

(c) Jet of matter

(d) 0.05-0.08 ◦

(e) 16 - 21 kpc

(f) 25,000 - 28,000 counts/pixel

(g) 10−19 − 10−21 W

22. (a) 60 - 80 Mpc

(b) 4200 - 5600 km/s

(c) 0.014 - 0.018

(d) Recessional velocity: 1%. Distances: 10%. The uncertainty is largely distance uncertainty.

(e) Type Ia Supernovae, what this question is about!

23. (a) 0.5◦, l = 200 (accept 0.4 − 0.6◦, l = 160 − 250)

(b) 74-77 micro-Kelvin

(c) Sound waves from inflationary perturbations

(d) Amount of matter in the universe

(e) Acoustic oscillations

24. (a) 0.001-0.01

(b) 1.1 - 1.2 Gyr

(c) 0.01-0.1 ly−3

(d) 2 degrees & 0 arcminutes (exact)

(e) Accept any of the following: 1) The SMC is not spherical due to the tidal interactions.
2) The orbit of the SMC is affected by gravitational forces from the LMC.
3) The SMC is in a triple system with the LMC and Milky Way.
Any permutation of the above is valid.


