
I'IIYSICS 1 16, W'TNTEK 2006, FINAL hXAM, 0. E. Y ILC'HES 
This final cxam consists of various prvblems written as 30 multiple choicc 

questions. Pleasc use lz standard scanning sheet and lill the bubbles carefully. Remembrr 
rr, write your name corrcclly. a< well as your student number, in letters/m~mbers and in 
bubbles. 'This class is PHYS 1 16, tlie exam is called FIN.qL, and my last nnlrlc is 
\'ILCHES (iusl in case you do11'1 rernen~ber!). Each multiple choicc question i ~ ;  fi-nrth 5 
puinls, ibr n total of' 150 poii~ts. No penalty f ! ~  wrong answer. 

"- 

Tl~e tirst tllree questinns rcfcr lo the fn l lowin~ statement and pic~urg. ,217 ns>.rnrric~ric -- - 
pulbe in a rnpo u t  i nas  per unit lcr~glh >I/L atid unclcr lension 'r movcs in the pnsitivc x- 
direcriun at 1 m;s. Notict. lhe diffet+et~t s and y scales (pulse is cxaggeratcll).. Thr picture 
shc1n.s the yulst: at t = 0 s .  Poin: X is a niark at the essentially frcz cud ofthe ropc: 

Qucstian 1. Thc ~naxittiiut~ speed at which Point X will move in rhe x-direction is: 

Qnrstion 2. The maximulo speed at which Point X will movt: in the y-dirccriun is: 

Question 3. r l t  time t = 3 seco;~ds the pulse will look like one of the piclures. 
i 
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The next three questions refer to this statement. An L - 4 lnctcrs long organ pipe is open 
at both ends, see sketch on margin. Superman plays it! Assume B~at the specd of sound on 
Earth is 340 mls 

Question 4. When played on Earth, thc frequency of the third overtone (4"' harmonic) is: 4 
n. 42.5 HZ B. 85 HZ ~ 1 8 5  IIZ n. I 70 HZ E. 340 HZ I 
Qucstion 5. Superman takes the pipe to Planet Krypton where he plays it again. The I 
speed of sound in Kr is' 1 110 m/s. 'I'hc fundamental frequency, when played in Kr. is now: I, 

A.  Same as on Ear-rh since length 01' pipe has not changed 
B. I ligher than on Earth since speed of sound has decreased 
C. Lower than on Emh since speed of sound has decreased 
D. Same as on Earth since thc wavelength of the fundamental has not changed 
E, Same as on Earth since Superman has not changed 

I 
Questiun 6. When Superman's Child blows oa the pipc he can produce sound that at 
some distanceehos an intensity of 1u6 ~ a t t s i m ' .  When Superman blows on thc samc 
pipe he can produce sound that at the same distance 8 has an intensity 20 db higher. The 
actual intensity heard at a distance& when Superman blows is then: 

- 

st s, 
The next two questions refer to this statemenl. A bicycle rider moves alnng a straight 
road towards two speakers placed perpendiculnr to the road and a1 equal distances from 
it. The speakers emit sound of a single frequency, fo, with the same phase, and ljll cach 
one with the same intensity lo, see margin for sketch. 

Question 7. The rider hears: I I 
A. Sound with intensity "heats" 
B. Sound with constructive and destructive interference depending on whcre he is, 
C. Sound of unifonn intensity at frequcncy f -=. lh 
L). Sound of uniibrm intensity at frequency f = fo 
E. Sound of uniform intensity at frequency Dfo 

Question 8. The average intensity of tllc sound heard by the rider is: 

A. 210 B.  410 C,  la sin 2nf t D. 210 sin 'lnf t E. 41n sin :lxf t 



Questinn 9. One of the following statcmcnts is not true. 

A. The kinetic crlergy of photons is given by (%) rn c2 
B. Sound waves can not be polarized 
C. ' f ie  total energy emitted by a black body is proportional to 
D. Energy levels of the C: hlorine atom arc quantized 
E. Electromagnetic waves can be polarized 

Question 10. When you use a inicrowave oven, the wavelength of the electromagnetic 
radiatio~~ is likely to bc (choosc one ol'tht: letters in the logarithmic graphs below). 

The following three questions refer to this statement/problem. 

Pe. 1ki11g tllrough a small Ilole of radius K = 0.01 m 
a person sees a P = 100 Watts yellow light bulb (h = 500 nm) 
emitting energy unifortrlly in ail directions. The bulb 
is at a distance L = 10 m from the hole. (P meansJower) 

AECrrZGE 

Question 11. The energy per unit time going through the smal 1 hole is: 

Question 12. The amplitude of the electric field wave going through the small holc is: 

Question 13. Imagine that the correct answer to Question I 1  was 1 x 1W4 Wafts. Then, 
the number of photons going through the small hole per second is, approximately: 



Thc nexl three suestions LCI this statement. For a lecture demo diffraction gratings 
are distributed to the class. The gratings have N -100 perfccl slits, with the separation 
bctween two neighbor slits being 2000 nm. Thc slits are used to view an atomic source of 
light which cmits at two wavelengths, hl = 500 nm and h2 - 600 nrn. 

The next two questions refer to thc same statementlnroblem. A ic 

Question 16. The intensity pattern seen by the students will look like: 

n= I,o 
A person and a fish in a tank (n,,l,l = 1.3) see "eye to cye". 13 
Assume n,,, = 1. )E 12 

I 
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for angles between 0 and 90' (includc 90°, if necessary)? 

W k L ,  
~ = l i 3  

Question 18. The width of the central maximum for either one of the wave lengths is 
given by sin 6 - h1100d, which makes it very narrow. This narrow angle is detern~ined 
by: 

&s 3 

Fa- Question 14. 'She #sees the eyc of the -t about little cross: x 

A. I B. Z L). 4 E. 5 

w s -  
Question 15. scsces the eye o f  t h e U a t  about little cross: 

A.  'I'he width of the i~tdividual slits being very small 
B. There are two wavelengths going through the slits 
C. 'l'he electric field of thc light transmitted 
D. A phase difference ofhalf a wavclcngth between the first and 100'~ slit. 
E. A phase difference of half a wavelength between the first and 5uth slit. 



'l'hc next two questions are related. 'l'he resolution o f  the human eye at night (pupil fully 
dilated) for 500 nm wavelength light i s  such that it can see two objects t l ~ a t  arc 1.2 meters 
apart as separate objects when they are 10 krn away from the eyes. 

Question 19. At tnaximurn resolution the distance between the images farmed in thc 
rctitra of the eye, for a normal "spherical" eye of 2 cm diameter is then approximately: 

Question 20. At nlaximurn resolution, the image tbrmcd on the retina of "two car lights" 
10km away shuuldlwk like: [dark i* pichrrc ;I - 9 'tb.<5~t" !] 

Question 21. A cylindrical cavity with a small hole on its walls lets a small amount of 
radiation escape. The cavity is healed to three different temperatures, such that 

picture by one of the qualitative graphs below: 
TI < T3. The intensity of radiation pcr unit frequency coming out of the cavity is best 



Question 22. 'The Sun has a surface temperature of 6000K. A black body is cooled to 3K. 
The wavelength at the peak of thc cmitted radiation from the 3K body should be in the 
range of: 

A. 1000 m B. I m C. 10-J m D. lom6 m E. loLgrn 
L 

Question 23. A "source" produces electrons at rest (v =O m/s) at position x = O. An 
electric field cxists in b e  t x  direction, such that a potential dift'ereme ul. 1 00 Volts is loo' 

created as per sketch. electrons coming Lbrough the small hole at position x - 1 cm will 
have an energy 

A. 100 Joules B. 100 eV C .  1.6 x 10'"~ D. 1 . 6 ~ 1 0 - ' ~ e ~  E. 160x 10-I9ev 

Question 21. Imagine you have an electron, a neutron, and a photon all with the same 
energy of 100 ev.'l7heir dt: Broglie's wavelengths are in t l ~ e  rallk: 

Question 25. A 10-3 Watts laser emits radiation of a single wavelength. 'lhc radiation is 
used to emit electrons from a inetal electrode, connected tu a battery as shown in the 
picture. The battery provides a potential difference of 2 Volts, which is thc minimum 

J 
potential difference needed to stop a l l  thc clcctrons emitted from the metal surface. The 
work function of the melal is Wo = 3 eV. The wavelength of the lascr radiation is: 

Question 26. l'he third element in the periodic table i 
its outennost electron (the valence electron) is in the n = 2.[= 0, me= 0, s = -1/2 energy 
state is: 

A. 'l'his state is an excited state 
B. Two electrons in Re can not havc the same set of identical quantum numbers 
C .  Bolu atom solution gives this set of quantum numbers 
D. The energy in the lowest energy states is proportional to l/n2 
E. l'hc orbits of electrons have a radius proportional to n' 



Question 27. Imagjrlc that only one electron i s  attached to a {Zinc) nucleus. This 
"aturn" looks like a hydrogen ator11 but with a nuclear charge of +Ze. The Bohr modcl 
energy lcvcls for the electron in this "atom" are given by E, - -1 3.6 z2/n2 eV. The 
shortest wavelength photon emitted by this "atom" will have energy of: 

Q u n  tion 28. The n u d i  of atoms have two components: neutrons and protons. The 
graph that best describes how tl~c number o l  neutrons grows as a function of increasjng Z 

The last two questions are abvut the same theme but are not interconnected. 

Question 29. The radiuactive decay scheme of  2 ' 4 ~ o  is shown- b, b w  
To go from 2 ' 4 ~ o  to 2 0 6 ~ b  the scquence ul. panicles emitted as radiation is: 

Questiun 30. 2 1 0 ~ o  has a half life nf 140 days. A srnall sample ol'ihis substance produced 
100 radioactive decays per day at time t = 0. After 70 days, the count rate will bc a 

fraction of the initial counting rate. This fraction is about: 


