Final Examination Fall 2022 Total Possible Score: 160
Good Luck 11!
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Name: Class: Student number: 5 GLUTIGM

1. (15 points) A uniform circular disk of mass m = 24.0 g and radius r=40.0 cm 5 — g %;
hangs vertically from a fixed frictionless horizontal hinge (471) at a point —_
on its circumference (FJ#) as shown in the pictures to the right. Abeam i

f & l»‘k
of electromagnetic radiation with an intensity of 10.0 Mi¥/m’ strikes the disk ; 0008 :.Em

uniformly in a direction perpendicular to the disk’s surface. The disk is N\ disk b
perfectly absorbing, and the radiation causes the disk to rotate about the hinge. A
Assuming the radiation always remains perpendicular to the disk’s surface Front view
as the disk rotates, what will the angle 6, as shown in the picture, be when
_the disk reaches its new equilibrium position? (g=98m/s?)
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2. (15 points) A monochromatic (¥ f) beam of light of wavelength 589.0 nm is used with a Michelson interferometer.
The lengths from the beam splitter to the top mirror (which reflects the vertical beam) and the right-side mirror
(which reflects the horizontal beam) are fixed to be 23.0 cm and 18.6 cm, respectively.

When a thin piece of fluorite of thickness D and index of refraction n = 1.434 is inserted into the

horizontal beam midway between the beam splitter and the right-side mirror, a shift of 35 fringes (or

bright bands) is observed to flow past a pointer on the observation screen for the re-combined beam.
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.‘-\ Svuv‘z:t‘f;‘z‘inling’l’.\ big':rll,\' has 10" 411.::- and took a few years h;}n:inl. 3. (14 pomls) &orges Seufat was a famous .
. neoimpressionist painter of the so-called pointillist school.

¢ His paintings are made of a large number of monochromatic (¥.4)
© dots each about 2.50mm in diameter and with the space between
- the dots considerably smaller than the dot size. If the viewer stands
far enough away, the colors appear to mix and so how the painting
looks depends on from where you fook at it! Assuming the typical dot
color to be 550.0 nm, approximately how far away can you be to resolve
the dots (a) with your 4.00 mm-diameter eye pupil;

and (b) with a 25.0 mm camera aperture?
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4. Consider the following observations of three observers sitting on a train platform watching a
fast-moving train pass by. All three observers have properly synchronized (Z.[F]%) their watches.
The train is traveling ®b at v=0.600 . (1 nsec = 1 nanosecond = 10~ sec)
Observer A: “l was sitfing on a platform €3 bench marked x = 61.0 » when through the window of the train right in front of me
I saw Evil Student M push a button on a box marked DesBruction Rety. My watch read 7 = 100.0 nsec.”

Observer B: “| was sitting on a platform bench marked x = 76.0 m when through the window of the train right in front of me

| saw all the homework solution sets Poor Student was holding burst into flame. My watch read 7 = 230.0 nsec.”
Observer C: *| was sitting on a platform bench marked x = 30.5 m when through a window ... of the train right in front of me

I'saw all of LAO BI's cloths } Y bum up, leaving him naked. My watch read 7 = 160.0 isec.”
(a) (5 points) What are the coordinates of " Evil Student pushing the button
in the rest frame of the train (x', £)? Assume (', ') = (0,0) when (x, ) = (0,0) .
{b) (5 points) Evil Studemt has been charged with destroying the solution sets of Poor Student

and with offending the train passengers by making LAO BI's clothes burn up.
___Can you show that Evil Statilent must be innocent (X ¥ E3k) of either of these two charges9
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7 ""u #; 9; (c) (4 points) Find a train speed for which the Des&ruetion Rety button is pushed at the same time
i in the train’s rest frame as one of the other events.
gjm,fil'@\,wil (d) (4 points) Find a train speed for which the DesEruction Rety button is pushed at the same place

in the frain’s rest frame as one of the other events.
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5. (14 points) A particle of (rest) mass m moving along the x-axis with velocity v collides with a particle of (rest) mass sm
moving along the x-axis with a velocity —v. This results in the formation of one new particle.
What is the rest mass of this newly-formed particle? Check that this gives the expected result for v « c.
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