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Physics 7C Section 1
Fall Semester 2001

Final Examination
December 13, 2001 (8:00-11:06 am)
Insiructions
I. This is a elosed book exam. You arc allowed 1o bring along only ore 8'x11" “cheat
sheet”, pens, pencils, seientific calculator, and bluc books.
2. Write your name, Discussion Section ¥ and S1D¥ on the top of all materials you
m::nd to hand in and want to be graded.

3. Read all questions carsfully before attempting them. Questions do not carry equal
m Try the questions you find easier first. Pantially credits will be given for equations
only if you can indicate how they can be used to solve the problem.

4. While cleanliness and tegibility of your hand-writing will not get your extra credis,
they will help to make sure that your answers get the credit they deserve. [n case you
make mistakes be supe to croos them out so they will not be mistaken as your answer. It

helps to yungdetline vour final answers. Abways give your answers in the proper units.

You are provided with the following 2 tables of consiants for your reference. There 15 no
puarantee that they will all be required in solving the problems.

Fondamental Constants
Queatity .. . Symbol, . v, BB V.
d - . 3 e el H'.'-u y: ;:--a'_ a !
Speed of light in vacyum ¢ 300 % 10F m/fs
Gravitational constant g 667 X 1074 N-m?/kg?
Avogadro's number N, © B2 % 107 molt
Gas constan R B.315 Jimol'K = 1.99 ¢al/mol-K
= L2 " .
Boltzmann's constant k 138 x 1a:razl‘“,r1,r!11u:urﬂmlel y
Charge on electron e . 160 x 167Y ¢
Stefan-Boltzmann constant o 347 = 107 W/m? K“
Permittivity of fres spars = (V) B.85x 107" CTN-m?
Permeability of free spoes _pn nx W TmSA
Planck's comstant k 6.63 ¥ 107 J.g
Electron rest mags m, 911 % 107" kg = 0000549 u
_ = 0.511 MaV 2
Proton rest mass i, LGT26 % 10T kg w 100728 0
= 9383 MeV/ct
Meutron rest masy iy 16749 = 107F kg = 1.008865 u
) _ = 9396 MeV /et
Atomic mass vnit {1 o} 1.a605 ~ 10‘”1::; = 931,53 MeV /2
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Duestion 1 {12 Points)

You are given the following information about (he eyeball of a cataract patient {SOMeOnG
whose natural lens has become opague and has to be replaced by an artificial lens). The
radius of curvature of the cornea is 0.2 cm. The thickness of the comes is negligible and
therefore it is not necessary o worry about its refractive index. The refractive index of
the liquid (known as aqueous humor) behind the comea is 1.336, To make the caleulation
sasier we will assume that this liquid fills the eye. In real eyes the liquid behind the lena
is known mg vilteous hunoer and has o slightly different refractive index.

{u} (4 Points) Afier the natural lens of this patient”s eve has been remaoved where will be
the location of the image {say, measured from the front of the eyeball} inside the aqueous
humeor for an object located 25 cm outside the eye in air?

{b) {8 Paintz) A surgeon implants an artificial lens of efractive index 1.35 into the
patient’s eye at a distance of 0.2 cm behind the comea. Suppose this lens has a focal
length of 0.2 em in air where will be location of the image now?

In the above cileculations you can use the paraxial approximation and assurme that the fens
is thin,

Question 2 {8_Points)

Suppose you want 1o determine the spacing botween the grooves on a compaect dise (CL),
(@) (4 Points) You use the yellow light from & sodium vapor lamp (wavelength=58% nm)
1o illuminate the CD at nommal incidence and found that several diffraction spots are
produced an a screen 100 cm away. The scparation of the first onder diffroction spot is 25
ern. from the central reflecied spol What i3 the spacing between the grooves?

(b} (4 Points) Suppese you now illuminate the CD wiath another laser with
wavelength=1.06 |im. What will be the locations of the sccond and third order diffirachion

sparts o the same screen?

Cruestion 3 (total: 13 Paints)

In quantum mechanics the probability of finding a particle with wave function 'Plx.y.2)
withie a volume AxAyAz is given by {PHFAxAyAzY ! [|4 fdxdydzy.

(#) {3 Pointg) Whart is the probability of find a particle moving in a spherical potential
within a ring of radius r and width Ar?

(h) (3 Painte) The wave function of the etectron in the 25 stute of the hydrogen atom as a
function of the radius r from the proton B2 given by

| rl"” -
"l"m = F;.!—[: _E} T wihere T t5 the Bobhr radius,

Find afl the: values of r where there is zero probability of finding the electron.

(e} {7 Foints) Let us label those values of r you obinined in part (b) &8 £y, rz, ry etec. What
iz the probability of finding the electron between ry and 137 (Hint: you may find the
following miepral usefyl: I.r-":r"d\' -t &1 i 1:+2:[}|
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Ouestion 4 (total: 1S Points)

(a) (5 Polnts) An clectron in the hydrogen atom is in the 35 state. When a magnetic field
of 1 Testa is applied to this electron what will be (he energics of the resultant levels? The
Bohr magmeton (pa) has the valuc of 52710 NT.

{b) (5 Paints) Suppose we can “wurn off” the spin of the clectron and the electron is
placed in the 3d state of the hydrogen atom, how will the degenerate 3d levels of this
electron be split in the presence of the applied magnetic field? You should label these
imsl;ls according to thair magnetic quanturn rumbers and give their scparations.

f€)'(5 points) A beam of atoms of unknown chemical identity is allowed 10 pass through
“#f inhomogencons magnetic field in a Stem-Gorlach experiment. The beam i3 found to
split up into 4 beams after passing through the inhomopgeneous magnetic fickd. What is
the forad amprlar momenium () of these unknown atoms? Suppose these atoms are
some excited state with only one eleciron in the gutermost unfilled shell, what is the
angular momentum (f) of this electron?

Question 5 {total: 12 Points)

The bond length between the hydrogen and chiorine atom in the HCl molecule is 1L3x10°
" m. The mass of the chlorine atom iz 35 alomic wnits.

{2} {4 Points) What is the moment of inertia of the HCI molecule?

(k) (2 Poimts) What is the rodational angular momeniean (L) sclection nule for optical
absorption by the HC] molecale?

{c} {6 peints) Suppose the encrgy of an absorption peek doe to the excitation of an
electron in HCL is by, Calealate the energics (relative 1o hv) of the series of neighboring
absorplion pesks due (o the siondrosecis excitation of the electron in the HC molecule
and of mtations of the molecule. Given your answers in unils of meV. You can assume
that the moléculss are mamtained al o pon-pero wmperature that is high enough for L to

bath increase ar decregres.

Duestion & (tofal: 15 Pointk)

The electronic configuration in Ag is: 15728 2p%38"3p"1d" 474544 "%%s" | The density of
Ag is 1.05x10°Ke/m’.

{a) (5 Points) What is the Fermi encray of A in clectron volta (eV)?

() {3 Fointx} What 15 the avergge energy of a free electron in Ag?

() (7 points) What is the number of clectronic states per cm’ per &V at the Formi encrgy
in Ag?

fan 7 : 15 Points
David and Daniel ane two identical twing, The maximum force F, they can apply is the
same. They decide o test the time dilation result predicted by the special theory of
relativily, They oblain two identical springs of spring constant &, and attach 1o them to
two identical balls of rest mass m,=1 Kg o form two identical clocks. When they patl the
balls to cause them to escillate both balls oscillate with the same period T, of cxactly 1
R,



