Astronomy 102, Midterm Exam #1

Tuesday Octobe 11,2005

If any of these answers seems obsure, please ask us questions until we clear it up for you.
Correct answvers are indicated in bold type andfilled squaes (! ).

1.

2.

4.

Wha is the difference between an inetial reference frame and a nonrinetia reference
frame?

In an inertial frame one experiences no external forces, and the special theory of
relativity applies. In a non-inertial frame one experiences forces, and can fedl

accelerations; the special theory of relativity generally does not apply.

What isthedifference between an inertia reference frame and a freely-falling frame?
In a freely-falling frame the force of gravity is experienced, and in an inertial frame no
forceispresent. They are otherwise equivalent; the special theory of relativity appliesto

both.

The difference between the specia theory of relativity and the genera theory of relativity is

tha theformer only appliesto inertial reference frames.

Which of the following quantities were considered relative in classical physics, but were
treated as abolute by Eingein? Check all that apply.

Distance.

Time.

Velodty.

Simultaneity.

I Thespeed of light.
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5. Which of the following quantities were consdered absolute in classical physcs, but were
treated asrelative by Eingein? Check all that apply.
I Distance.
I Time.
Velodty.
I Simultaneity.

The speed of light.

6. Oneof thefirst tests of genera relativity was
Thedescription of the orbit of themoon.
Thedeerminaion of the speed of light to be condant.
Thechangein themass of a paticle moving at high speeds
Thedemondration of ahammer and afeather falling at the same rate on themoon.

I Thedetermination of therate of advance of the perihelion of Mercury& orbit.

7. Youare a rest in a pat of space far from any strong gravitationd fields and a friend flies
past at 0.99 times the speed of light You get agood look at each other@ clock as she passes
by.
You see your friend® clodk ticking more slowly than yours, and she sees your clock
ticking faster than hers.
You see your friend® clock ticking faster than yours, and she sees your clodk ticking
more dowly than hes.

I You each seethe other @ clodck ticking more slowly than your own.

Y ou each see the other® clodk ticking faster than your own.
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8. You are a rest near the horizon of a black hole, and a friend is a large distance away, in a
pat of space far from any strong gravitationd forces. You get a goodlook at each other®
clock.
You see your friend® clodk ticking more slowly than yours, and she sees your clock
ticking faster than hers.

I You seeyour friend® clock ticking fager thanyours, and she seesyour clodk ticking
more dowly than hers.
Y ou each see the other® clodk ticking more slowly than your own.

Y ou each see the other® clodk ticking faster than your own.

9. Match the pictures to the names listed below.

_B_ Robinson Cano

_D_ Jorge Posada
_A_ Alex Rodriguez
_C_ Jason Giambi

_E_ Mariano Rivera
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10.We are running togeher in the same direction, at a speed 0.999 times the speed of light |
hold up amirror facing you,and in my mirror you see
Nothing.
Yourself, butmoving slowly.
Yourself, with the colorsin themirror blue than normal.
Y ourself, but contracted alongthedirection of your motion.
All of above

I None of above

11.A righttriangle, shown in thediagram as it would look at rest, moves with respect to you at a
speed of 198294 km/sec in the x direction. In an ingant, you measure the length of the side

tha liesalongthex direction, and you get ‘lv

5 meter.

4 meter.

5m 3m|l —»
I 3 meter.

2 meter.

4m
1 meter. X

12. Still watching tha triangle, you measure the length of the sidetha lies alongthey direction,
and you get
5 meter.
4 meter.
I 3 meter.
2 meter.

1 meter.
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13.1t happens about once in a lifetime: the Red Sox winning the World Series. They

won in 1918. They won in 2004. When will they win the World Series next?

Never agan.

2090.

Who cares! These questionshave nothing to do with Astronomy 102

Two data points are really not sufficient to make such a prediction, unless | know
that the time intervals are constant. Mog likely their rate of winning the World
Series will dow down in the same way as the information coming from Arnold
slowed down when he approaded the black hole.

2005.

14.A meter stick flies past you at 0.99 times the speed of light, laying along its direction of

motion. In an ingant, you measure itslength asit flies past, and your result is

7.1 meter.
1 meter.

0.99 meter.
0.14 meter.
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15.You are in a spaceship heading toward the Sun® nearest stellar neighbor, AlphaCentauri, 4
light years away, at a speed near tha of the speed of light as seen from the Earth, and
accelerating continuousy while doing so. An observer on Earth predicts tha it will take you
four years by his clock to get there, but you predict tha it will take much less time than tha
by your clock, because

The distance you see to the star is much shorter than 4 light years due to relativistic
length contraction.
Your clodk runssdower than his, dueto relativistic time dilation.
Y our spaceship isin ahigh-speed, nonrinertial frame of reference.
I All of above

Noneof above

16.Two identical, 100-meter long, spaceships are moving with a speed 0.99 times the speed of
lightin your reference frame. One of the spaceshipsis approaching you, and the other oneis
receding fromyou. Thar lengthsappear to you as follows:
I Both look much shorter than 100 meters.
The approaching ship looks much shorter than 100 meters; the receding one looksmuch
longe than 100 meters.
The approaching ship looks much longe than 100 meters; the receding one looks much
shorter, than 100 meters.

Both look much longe than 100 meters.
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17.Thecolors of the spaceshipsin problem 16 appear to you as follows:
Both shipslook bluer (shorter wavelength light) than ther naural colors.
I The approading ship looks bluer than its natural color; the receding ship looks
redder (longer wavdength light) than itsnatural color.
The approaching ship looks redde than its natural color; the receding ship looks bluer
than its natural color.
Both shipslook redde than thar natural colors.

The colors of both shipsare undhanged.

18.You are near the harizon of a massive black hole. The stars in the sky appear to be bluer
than thar naural colors, owingto
Thegravitationd acceleration (increase in speed) of lighttoward the black hole.
I Thegravitational Doppler shift of light toward the black hole.
Theeffect of thestrongtidd forces on your perception of color.

The Lorentz length contraction of the distances to the stars.

19. Which of the following observable propeties are useful in detecting the presence of a black
hole fromagreat distance? Check all answersthat apply.
A black pach in the sky.
I A hot disk of material with two high-speed (close to the speed of light) jets of matter
protruding from its poles.
I X-ray emission.
I Starsand gasclouds moving in orbits at speeds close to that of light.

Radio-wave emission.
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20.Consder two black holes, onewith a mass of 10* gm, and the other with a mass of 10* gm.

21.

Which of the following quantities are greater for the more massive black hole? Check all

answersthat apply.

The horizon circumference.

Theforce dueto gravity on an object 100light years away.

Thetidd force in an orbit with circumference twice as large as the horizon.
Theforce dueto gravity on an object jug barely abovethe horizon.

All of above

You drop a video camera into a black hole and have it view your spaceship as it falls. It

trangmits aradio signd to you that you can tuneinto with a TV and see what the camera sees.

Which of thefollowing observationsdo you expect to make? Check all answersthat apply.

Thetransmission lagsforever.

You continuoudy haveto adjust the TV to receive lower and lower frequencies to
stay tuned in asthe camerafalls.

After a long time, the imageof the sky transmitted to you looks smply like a point
in themiddle of a black screen.

After awhile, theimageof the sky isa circle of ever-decreasng diameter.

The spaceship looks bluer in thetransmitted imagesthan it does naturally.

The camera never appearsto cross the black hole® event horizon.

The camera never actudly crosses the black hole@ event horizon.

When the camera crosses the event horizon, the image you see is the tear in the horizon
tha was left when the camera punded throughit.

You never see what the camera sees asit fallspag the horizon.

The camera will continueto broadcast when it emerges from the other side of the black

hole.
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22.At a distance correspondng to a circle with circumference 1.0001 times the horizon

circumference from a black hole with a mass ten times as large as the mass of the sun, which

of thefollowing effects would oneexperience? Check all answersthat apply.

Thetidal forceswould be extremely largeand probably rip oneto bits.

A vertical descent was necessary in order to reach this point; there are no stable
orbitsthisclosto the black hole.

Thesky looksmuch like it does near thedark sdeof avery large planet.

Distant clocks (far away from the black hole) appear to berunning very slowly.

Light from distant stars reaches you at a speed much greater than the normal speed of

light, owing to the strong warping of space-time near the horizon.

23.At a distance corresponding to a circle with circumference 1.0001 times the horizon

circumference from a black hole with amass 15 x 10" times as large as the mass of the sun,

which of thefollowing effects would oneexperience? Check all answersthat apply.

Thetidd forces would be extremely large and probably rip oneto bits,

A vertical descent was necessary in order to reach this point; there are no stable
orbitsthisclosto the black hole.

The sky iscompressed into asmall circledirectly overhead.

Distant clocks (far away from the black hole) appear to berunning very slowly.

A laser used to signal a distant observer looks normal to those near the horizon, but
the laser light appearsto that distant observer to have much longer wavdength than

normal.
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24.The region immediately surrounding the black hole in 3C 273 has a luminosity of 10% L,
larger than that of our Milky Way gdaxy by a factor of
10000.
1000.
I 100.
10.

1 (They have the same luminosty).

25.Theregion aroundthe black hole in 3C 273in which this luminosty is produced is aboutthe
size of the event horizon itsdlf, and is 6x10" c¢m in diameter. The diameter of the Milky
Way isafactor of
I 2.7x10° larger.
2.7x10’ large.
2.7 larger.
1 (They arethesame size)

2.7x10°% smaller.

26.The brightest star in the northern hemispheae of the sky besides the Sun is Vega in the

congellationLyra. Itsmassis 5.0 x 10* grams. Themass of Vega, in units of solar mass, is
equd to

8.3x 10
I 25.

1x 107,

25x 10

1.0x 107
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27.Thedistance fromVegato Earthis 2.37x 10 cm. Inlightyears, that is
224x 107 ly.
2.437x 10" ly.
237ly.
I 25ly.

28.1f the light takes 8 minutes to reach the Earth from the sun and the nearest star is 4.7 light

years from the sun, what is the distance from the sun to the nearest star in astronomica units
(1 astronomica unit, AU, is thedistance between the earth and the sun)?

37.7 AU.

1.7 AU.

214AU.
' 300000AU.

15x 10" AU.

29. Minkowski@ formula for the absolute interval between two events (call them A and B) is

Absolute intervak \/! x2" et :\/! X" ¢l tl

Wha do Ax,, At,, AX,, At, and ¢ stand for in this formula?
AXx; and Ax, arethe distances along the x direction between A and B in reference frames
1 and 2; At, and At, arethetimeintervals between A and B in referenceframes 1 and 2,

and cisthe speed of light.
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30.1 am driving onalong, straight road at a speed 0.99 times the speed of light, flashing a light
every second according to my clock. You stand on the sidewalk. Calculate the time (in
secondg tha you would measure beween flashes. (You mug show your work, to receive

patial credit for an incorrect answer.)

You, in framel, seetheflash interval to be dilated:

I't, 1

= =7.1s
\/1 V2 41" 0.99

It =

i
31.0ne of the flashes described in the previous problem occurs jug as | pass you. Use the
Minkowski absplute interval to calculate how far | am down the road when you see the next

flash. (Youmug show your work, to receive patial credit for an incorrect answer.)

The distance between two flashes in my reference frame (#2) is Ax, = 0, because | only

haveonelight and it doesn® movewith respect to me. Sothedistancein frame1is

1, =1 A 2+ 2 =40" ¢ +7.2¢ =2.1#10"cm

Yeah, it@along road
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32.Flying past you in a spaceship going 0.8 times the speed of light, | laundh arocket straight
behind and give it a speed of 0.6 times the speed of light with respect to me. Calculate the
speed you would measure for therocket. (Y ou must show your work, to receive patial credit

for an incorrect answer.)

I
_Vv,+V _ 10.6c+0.& _ 0. ~03%

1Y 1. 106008 11 0.48
Cc c?

Vi

33.Flying past you in a spaceship going 0.8 times the speed of light, | laundh arocket straight
ahead and give it a speed of 0.8 times the speed of light with respect to me. Y ou measure the
speed of therocket, and your result is
O (at rest, like you).
0.8 times the speed of light
I 0.98timesthe speed of light.
1.6 times the speed of light

34.Youand| areboth in inatia reference frames. Our motion can bedescribed as follows:
We mug accelerate with respect to each other.
We mug fall freely unde theinfluence of gravity.
We mug beat rest with respect to each other.
I We must moveat a constant speed with respect to each other.

Any state of relative motionis allowed, aslongas the speed of lightis not exceeded.
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35.Dueto the curvature of space-time by the sun, light from stars tha passes near the edge of

thesunwill
I Bebent so that the stars appear further from the edge of the sun than if space-time
wasnot curved.
Be bent so tha the stars appear closer to the edge of the sun than if space-time was not
curved.
Be bent so tha the stars are nolonge visible.
Not be affected by the curvature of space-time.

Be focused so that the stars appear brighter than if space-time was not curved.

36. The Schwarzschild radius of a black hde with amass of 2 My, is approximately equd to
I 6km.
4 km.
2 km.
12 km.
36 km.

37.Anisolated black hole in space would bedifficult to detect because
There would beno light sources nearby.
It would nat berotating rapidly.
It would be stationary.
I Very littlematter would befalling into it.

There would bevery few stars behind it whos light it could block out
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38. Theevent horizon of ablack hole
Isbdieved to bea singularity.
Isthe surface of the black hole, smilar to the surface of the Earth.
I Hasaradiusequal to the Schwarzschild radius.

Marks the bounday where in-falling material startsto emit X-rays.

39. According to thegeneral theory of relativity, gravity is caused by
Thechangein themass of a moving object.
Thecondant speed of light.
I Thecurvature of space-time.
The presence of microscopic black holes all over theuniverse.

Noneof theabove

40. A black hole, whos horizon has a circumference equd to tha of the moon, has a mass of

0.94x10%°g.
2.36x 10 kg.

| 1.18x10¥g.
236x10%g.
0.94x 10 kg.
059x10%°g.
1.18x 10% kg.
0.59x 10* kg.
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