
1. (1.00 pts) The main finding of Chandra Isotropic Universe Survey is that:

   A) The universe looks the same in all directions

   B) The universe is expanding differently in different directions

   C) In some directions, the universe appears to be contracting

   D) There is no clear understanding of the direction of least expansion

   E) None of the above

2. (1.00 pts) One goal of CANDELS survey was to study earliest Type Ia supernova explosions and validate their accuracy as standard candles. 

3. (2.00 pts) The following instruments were used in the CANDELS survey: 

   A) Advanced Camera for Surveys (ACS) 

   B) Advanced CCD Imaging Spectrometer (ACIS)  

   C) Wide Field and Planetary Camera 2 (WFPC2) 

   D) Wide Field Camera 3 (WFC3) 

   E) None of the above

4. (3.00 pts)
The cosmic background radiation was emitted ___________________ years ago. The current average temperature of this radiation is about _______________________ degrees
Kelvin, and hence it can only be observed in the _____________ portion of the EM spectrum.

5. (2.00 pts) Which of the following could be evidence of the existence of dark matter?

   A) Gravitational lensing

   B) Cosmic microwave background 

   C) Large scale structure formation

   D) WHIM

   E) Galactic rotation curves

6. (2.00 pts) Some examples of active galactic nuclei are:
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   A) Radio galaxies

   B) Blazars

   C) Quasars

   D) Pulsars

   E) None of the above

7. (1.00 pts) Doppler shift is the same as cosmological redshift.

8. (2.00 pts)
Type _____ supernovae are the brightest of all supernovae with an absolute magnitude of _______ [value] at maximum light, and are characterized by a ______________ [element
name] absorption feature (rest wavelength = 6355 angstroms) in their maximum light spectra.

9. (1.00 pts) The center of a galaxy can be cooler than the edges.

10. (1.00 pts) Neutron stars have primarily iron at their core.

11. (3.00 pts)
Describe briefly the phenomenon shown in this image. Your description MUST include (a) naming the phenomenon, (b) naming the objects shown by the white and blue colors, and
(c) the cause for this effect.

(Mark ALL correct answers)

   True        False

Ia      -19.5      silicon     

   True        False

   True        False

Expected Answer: A light source passes behind a gravitational lens (point mass placed in the center of the image). The aqua circle is the light source as it would be seen if there
were no lens, while white spots are the multiple images of the source.



12. (1.00 pts) Which DSO in the list below may correspond to the event depicted in the image above?

   A) DLA 0817g

   B) MACS J1149.5+2223 

   C) H 1821+643

   D) 3C 273

   E) None of the above

13. (2.00 pts) Quasars are the most powerful type of X-ray sources, whose power depends on:

   A) The rate of star formation in the galaxy

   B) The mass of the central supermassive black hole 

   C) The distance between black holes in adjacent galaxies

   D) The rate at which it swallows matter 

   E) None of the above

14. (1.00 pts) According to a popular theory, Type 1 and Type 2 AGNs are the same objects viewed from a different angle.  

15. (2.00 pts) Absorption lines in a star's spectrum can be caused by:

   A) Gas being ionized and heated and then reradiating at specific allowed wavelengths

   B) Atoms or molecules in a star’s atmosphere that trap energy at specific wavelengths

   C) cold gas in the interstellar medium that extract energy from passing radiation 

   D) Very hot gas and can be found in O and B type stars

   E) None of the above

16. (1.00 pts) The Tolman–Oppenheimer–Volkoff limit (or TOV limit) is an upper bound to the mass of cold, nonrotating neutron stars. 

17. (3.00 pts)

(Mark ALL correct answers)

   True        False

(Mark ALL correct answers)

   True        False



Describe briefly the phenomenon shown in this image. Your description MUST include (a) naming the phenomenon, (b) naming the objects shown by the various colors, and (c) the
sequence of events in chronological order. 

18. (1.00 pts) Which DSO from the list below may correspond to the event depicted in the image above?

   A) SN UDS10Wil

   B) GOODS-S 29323

   C) GW 151226

   D) GRB 150101B

   E) None of the above

Expected Answer: A kilonova (also called a macronova or r-process supernova) is a transient astronomical event that occurs in a compact binary system when two neutron stars or
a neutron star and a black hole merge into each other. Kilonovae are thought to emit short gamma-ray bursts and strong electromagnetic radiation due to the radioactive decay of
heavy r-process nuclei that are produced and ejected fairly isotropically during the merger process. Can see gravitational waves before collision and extreme EM radiation after
collision.

The next three questions are based on the image below.



19. (1.00 pts) The data shown above may have come from the observations of which DSO from this list?

   A) SN UDS10Wil

   B) GOODS-S 29323

   C) GW 151226

   D) GRB 150101B

   E) None of the above

20. (1.00 pts) What does the peak in the SNR plots in the third row signify?

   A) The time of type Ia supernova explosion

   B) The time of merger of black holes

   C) The time period of pulsating variable star

   D) The Hubble constant

   E) None of the above

21. (1.00 pts) The detector on the left (Hanford) has provided better estimates of the event.

22. (3.00 pts)
The image below shows the light curve of _____________________________________ [DSO] observed in the ___________________ [infra-red/ultra-violet/x-ray/gamma-ray]
spectrum. From the image, it can be inferred that the strong radiation lasted for about _______________ [time period].

   True        False

GRB 150101B      gamma-ray      10 ms     



23. (1.00 pts) What is the redshift of 3C 273 spectrum?

   A) 8nm

   B) 38nm

   C) 78nm

   D) 108nm

   E) None of the above

24. (1.00 pts) What is the approximate radial velocity?

   A) 48 km/s

   B) 480 km/s

   C) 4800 km/s

   D) 48000 km/s

   E) None of the above

25. (2.00 pts) What is the approximate distance of this galaxy?

   A) 2.2 million light years

   B) 22 million light years

   C) 2.2 billion light years

   D) 22 billion light years

   E) None of the above

26. (1.00 pts)

For the next three questions, refer to the image below. 



Which DSO is shown in the image below? 

   A) 3C 273

   B) NGC 2623

   C) M87

   D) JKCS 041

   E) None of the above

27. (2.00 pts) What object might be located at the left corner of the image?

   A) A kilonova remnant

   B) A supermassive black hole

   C) An active galactic nucleus

   D) A colliding galaxy cluster

   E) None of the above

28. (2.00 pts) What phenomenon(s) could account for the flares visible in the image?

29. (1.00 pts)

(Mark ALL correct answers)

Expected Answer: An enormous relativistic jet. The image reveals changes in a black-hole-powered jet of hot gas in the giant elliptical galaxy M87. These images are part of a new
time-lapse movie that shows hot plasma spiraling along magnetic field lines generated by the supermassive black hole.



Which DSO is shown in this image? 

   A) MACS J0717.5+3745

   B) MACS J1149.5+2223

   C) 1E 0657-56

   D) JKCS 041

   E) None of the above

30. (1.00 pts) What event is visible in the image above?

   A) Black hole merger

   B) Type Ia supernova

   C) Collision of galaxy clusters

   D) Gravitational lensing

   E) None of the above

31. (2.00 pts)
The left image is taken in ___________________ [visible/infrared/ultraviolet] part of EM spectrum, while the right image is taken in ____________________ [optical/x-ray/gamma-ray
part.

32. (1.00 pts) The contour lines on both images show the:

   A) spatial distribution of mass

Compare the two images below to answer the next four questions. 

visible      x-ray     



   B) regions with equal wavelengths

   C) distribution of dark energy

   D) regions with equal magnetic flux    

   E) none of the above

33. (1.00 pts) The colors on the right image represent:

   A) radiation from hot plasma

   B) spatial distribution of mass

   C) active galactic nuclei

   D) cool gas and dust obscuring bright stars in the background

   E) none of the above

34. (3.00 pts) Do you see any discrepancy between the left and right panels in the image? If so, can you provide an explanation for the discrepancy?

35. (1.00 pts) Identify the DSO shown in the images below.

   A) 1E 0657-56

   B) GOODS-S 29323

   C) MACS J0717.5+3745

   D) MACS J1149.5+2223 

   E) None of the above

36. (1.00 pts) What type of astronomical event is depicted by the circles in the images above?

Expected Answer: It can be seen that most of the matter resides in a location different from the plasma (which underwent frictional interactions during the merger and slowed down)
The spatial center of dark matter concentration appears to be mostly segregated from the spatial center of baryons observed. What we see could be evidence of dark matter and
baryons interacting differently during a collision.



   A) Intense activity in AGN

   B) Gravitational waves from black hole merger

   C) Star formation in starburst galaxy cluster 

   D) Supernova explosion

   E) None of the above

37. (2.00 pts) Explain briefly the significance of the dates in the two right images, and the inference that can be drawn from the evidence.

38. (2.00 pts) The effect visible in the images above is technically known as:

   A) Einstein cross

   B) Doppler shift

   C) Compton scattering

   D) Gravitational lensing

   E) None of the above

39. (3.00 pts)
The image below shows the best-fit __________________________ from the DSO ___________________________ . From the evidence, it is clear that it is a Type ________
supernova. 

Expected Answer: After the discovery of the Refsdal Supernova, astronomers predicted that they would have the rare opportunity to see the supernova again in about one year, afte
the four images had faded away. This is because the initially observed four-image pattern was only one component of the lensing display. The image on the top right shows
observations by Hubble from October 2015, taken at the beginning of the observation programme to detect the newest appearance of the supernova. The image on the lower right
shows the discovery of the Refsdal Supernova on 11 December 2015, as predicted by several different models.

(Mark ALL correct answers)
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40. (4.00 pts)
Two black holes, with 14.2 and 7.5 solar masses ( ) merged to form a single black hole of mass 20.8 . Gravitational waves from the merger, which took place at a distance of
440 Mpc from Earth, were detected by LIGO on December 25, 2015. 

Assume , speed of light , and .

Compute (a) how much energy was dissipated due to the merger, and (b) which year the event actually happened in its actual location.

41. (3.00 pts)
The image below shows the stacked spectrum of  ______________________________ [name of DSO] around the rest-frame wavelength of the ________________________ ion.
The dip around the yellow line provides evidence of ________________________ .

Expected Answer: (a)  mass got converted to energy, resulting in $E = m*c

H 1821+643      O VII      WHIM     

The next three questions are related to the image below.

MΘ MΘ

MΘ = 2 ∗ 1030kg c = 3 ∗ 108ms−1 1pc = 3 ∗ 1016m

m = (14.2 + 7.5 − 20.8) = 0.9MΘ



42. (1.00 pts) The image above refers to the following deep field observation survey:

   A) The Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey 

   B) The Great Observatories Origins Deep Survey 

   C) The Chandra Isotropic Universe Survey

   D) The KMOS Cluster Survey 

   E) None of the above

43. (1.00 pts) The object identified by the green contours in the image provides evidence of

   A) One of the earliest known supernova type Ia explosions

   B) One of the few gravitational waves ever detected

   C) One of the early black hole seed candidates

   D) One of the early large rotating disc galaxies

   E) None of the above

44. (1.00 pts) How far are the quasars PSS 0133+0400 and PSS 0955+5940 from the Earth?

   A) 1 million Ly away

   B) 10 million Ly away

   C) 1 billion Ly away

   D) 10 billion Ly away

   E) None of the above

45. (2.00 pts) What possible explanation can account for the flattening of the curves at higher redshifts in the image below?



46. (1.00 pts) In general, the quasars with higher redshift are farther away from us.

47. (4.00 pts) Using the following information, fill in the blanks in the statement below. 

1. The stars Betelgeuse and Proxima Centauri have roughly the same temperature. 
2. However, Betelgeuse is almost  times brighter than Proxima Centauri. 
3. Proxima Centauri is 4.23 ly away from the Sun, while Betelgeuse is approximately 650 ly away. 

Betelguese is approximately   times more luminous, and has a radius that is approximately  times larger than Proxima Centauri.

Expected Answer: If an evolution of the dark energy equation of state is allowed, the data suggest a dark energy density increasing with time.

   True        False

13      6     

For the next three questions, refer to the image below.
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48. (1.00 pts) The two DSOs shown in the image are both:

   A) Galaxy clusters

   B) Type Ia supernova remnants

   C) Quasars

   D) WHIM filaments

   E) None of the above

49. (1.00 pts) From the image above, it can be concluded that PSS 0133+0400 is moving away from us at a ______________ [faster/slower] rate than PSS 0955+5940.

50. (2.00 pts) If both DSOs are approximately the same distance away from us, then what does it tell us about Hubble's constant?

51. (1.00 pts) What is the value of universal gravitational constant?

   A)

   B)  

   C)  

   D)  

   E) None of the above

52. (2.00 pts)
In a spiral galaxy, a star orbits the central black hole. Assume a perfectly circular orbit with radius  and orbital velocity . What is the approximate mass
of the black hole?

   A)  kg

   B)  kg 

   C)  kg 

   D)  kg 

   E) None of the above

53. (2.00 pts)
If another star (B) is orbiting the same black hole at an orbital radius that is 100 times the radius of Star A, what is the expected ratio of the orbital period of Star B relative to Star A? 

   A) 100

   B) 10

   C) 1/10

slower     

Expected Answer: There is some uncertainty in determining Hubble's constant (specifically, it is about 3.5%).

6.67 ∗ 1011m3kg−1s−2

6.67 ∗ 105m3kg−1s−2

6.67 ∗ 10−5m3kg−1s−2

6.67 ∗ 10−11m3kg−1s−2

r = 2.6x1020m v = 220km/s

2 ∗ 1021

2 ∗ 1031

2 ∗ 1041

2 ∗ 1051



   D) 1/100

   E) None of the above

54. (1.00 pts) To a distant observer, the orbital speeds of both stars A and B might appear to be similar.

55. (2.00 pts) Provide a brief explanation for why you think the previous statement is true or false.

56. (4.00 pts)
What can be inferred from the following H-R diagram? Specifically, what can you determine about the (a) spectral classes of different stars and (b) age of the star cluster?

57. (4.00 pts)

   True        False

Expected Answer: Flat rotation curve shows there is more matter out beyond the apparent edge of spiral galaxies. Flat rotation curves could be explained by existence of dark
matter.

Expected Answer: Note that the main sequence only exists for low mass G, K and M stars. All stars bluer than the turn-off point have exhausted their hydrogen fuel and evolved into
red giants millions and billions of years ago. Also visible is a clear red giant branch and a post-red giant phase region, the horizontal branch.



What can be inferred from the H-R diagram below? 

58. (1.00 pts) The B-V color index of Star A is greater than that of Star B.

59. (1.00 pts) Star A is hotter than Star B.

60. (1.00 pts) Star A is more luminous than Star B.

   A) True   

   B) False

   C) Both stars are equally luminous

Expected Answer: All fairly young stars are placed along a nice string called the main sequence. There are very few older stars (e.g. red giants). It represents an open cluster with
mostly young stars.

For the next three questions, refer to the image below.

   True        False

   True        False



   D) Cannot tell from given information

61. (1.00 pts) Blazars are highly luminous AGNs (Active Galactic Nuclei) that emit in all accessible wavelengths ranging from radio to high energy gamma rays.

62. (1.00 pts) From the light curves of a DSO captured at different times below, it can be concluded that: 

   A) There is almost NO flux variability in the images

   B) There is SOME flux variability in a subset of images

   C) There is flux variability in ALL of the images

   D) Cannot tell from the given information

63. (1.00 pts) Hardness ratio can be used to search for spectral variability along with flux variability.

64. (1.00 pts) From the hardness ratio plots of the same DSO below, it can be concluded that: 

   A) There is almost NO spectral variability in these observations

   B) There is SOME spectral variability in a subset of images

   C) There is significant spectral variability in ALL images

   D) Cannot tell from the given information

   True        False

   True        False



65. (2.00 pts) This artist's impression of a close-up of the Sculptor Wall reveals that: 

   A) Spiral and elliptical galaxies

   B) Warm Hot Intergalactic Medium (WHIM) 

   C) X-ray emissions from distant AGN 

   D) X-ray emissions from WHIM

   E) None of the above

66. (2.00 pts) The energy spectrum of the central circular region peaks in the range of ______________ eV to ____________________ eV.

67. (2.00 pts) Briefly explain the steps you took to arrive at the conclusion for answering the previous question.

68. (1.00 pts) Most of the radiation is coming from _____________________ part of the EM spectrum.

69. (2.00 pts) The power spectrum peaks at ________________ Hz, which implies that the periodicity of the DSO is approximately _______________ seconds.

(Mark ALL correct answers)

For the next five questions, follow the next instructions. 
GO TO: https://js9.si.edu/nso/nso.html (https://js9.si.edu/nso/nso.html) 
LOAD AN IMAGE: Click on GK-Per (Chandra) 

4000      6500     

Expected Answer: Highlight central region (Regions -> circle) - optional step. Click on Analysis -> Energy spectrum. Read the x-axis labels for the central peak.

x-ray     

0.00284      352     

https://js9.si.edu/nso/nso.html


70. (4.00 pts) Briefly explain the steps you took to arrive at the conclusion for answering the previous question. 

Expected Answer: Click on Analysis -> Light Curve to get time domain plot of variation of light. Click on Analysis -> Power Spectrum to get the frequency domain transformation.
Look at the peak in power spectrum and identify the x-axis value to determine the frequency. Convert from frequency to period by calculating the inverse.

All done! Congratulations on finishing the test. 
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