Physics 222 Exam 3
August 6, 2003

Constants:

c=3.0x 10 m/s me = 9.31 x 10°* kg = 511 keV/c?
= 0.000549 u

1eV = 1.60 x 10*°J 1 u=9315MeV/c?

h=6.63x 10*Js hc=1.24 keV nm

Problem 1 9 Points

(a) A person can barely read abookfrom adistance of 75cm. What power of reading
glasses would be needed to correct the farsightedness ® that the person can read the
bookat the normal near point of 25cm? Neglect the distance between the g/e and
the lens. (3 pants)

The distanceto the objed, where the bookwill be placel, isd, = 25cm. The distanceto
the image is where the person’s near point islocaed, bu is negative, sinceit isonthe
same side of the lens that light comes from, so d; = 75cm. The lens equation gives

1 1 1 1 1 1 :
f T g ¢ ¢ ~ 25om ~ 75cm =2.7m = 2.7 diopters.

(b) Realing dasses and magnifiers are both converging lenses. What is the maximum
power of these reading dasses, if they are thought of as magnifying lenses?
(3 pants)

The lens all ows an olject which would have had to been viewed at 75 cm to be viewed
instead at 25 cm. If the objed has height h, with h much lessthan the distance, the angle
subtended isthen increased from 6=h/75cmto 0 =h/25cm. The magnificationis
then M = 0'/6 = 3.0x. Notethat if you attempt to use the magnificaion equation

M = N/f + 1 to oltain thisresult, the nea point of the uncorreded eye, N = 75 cm, must
be used to oltain the wrred result.



(c) If the person reads a book 25 cm away and then removes the glasses while looking at
the book, will the apparent size of the book change, and if so, by how much? Draw a
ray diagram to illustrate your answer. (3 points)
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larger with glasses, but it will also be further away, so its apparent size (angle 0) stays the
same. Thefact that the angles 6 subtended by the image or object are the same with or
without glasses can be seen by comparing the ray diagrams (a) and (b) shown.

Problem 2 O Points

A 35-75 mm zoom lensisrated at f/3.5 in the wide-angle setting.
(a) What isthe f-stop of the lensin its telephoto setting? (2 points)
The f-stop is defined as the ratio of the focal length to the lens aperture, f/D. Since only
the focal length changes, the ratio of f-stopsin the two settings is the same as the ratio of
focal lengths. Therefore, the f-stop in the telephoto setting is
35x (75mm/35mm) =7.5.
(b) What is the maximum diameter of the lens aperture? (2 points)
Sincef /D = 3.5 in the wide-angle setting, with f = 35 mm, the lens diameter must be
D=35mm/35=10mm=1.0cm.
(c) If a/,s50 second exposure is needed for awide angle exposure, what exposure is

needed in the telephoto setting, if the available choices are g, Y15, /30, 60, o0, Y120,
1/ 250, l/ 500, and 1/ 1000 seconds? (3 pOI nts)



The amourt of light reaching the lens per unit timeisinversely propational to the square
of thef-stop. Therefore, for afixed intensity, the exposure timeis propational to the
square of the f-stop. The f-stopis2.14times as grea in the telephao setting asit isin the
wide angle setting, so an exposuretime 4.59times aslong isneeded. Thisgivesan
exposure of /544 semnds. The dosest setting for the shutter is then /g, seconds.

(d) What isthe diffradion limit onthe angular resolution of the lens at its maximum
aperture? (2 pants)

Asaiming the peak sensitivity of the eye isaround 550nm, the diffradionlimit is given
by the Rayleigh criterionto be

0=1.22A/D=1.22x 550 rm /1.0cm = 6.7 x 10° radians = 3.8 x 10 degr ees,
since 180 degreesis tradians. Note that there ae 3600arc seconds in adegreg so this
result can be expressed as 14 ar ¢ seconds.

Problem 3 10 Points

Low-density hydrogen gasis ded

in aglasstubes containing an anode

and cahode & fiown. An adjustable '
voltage sourceis attached to the —
eledrodesin thetube. Thevoltageis -
adjusted urtil the tube beginsto glow
red, and asingle visible spedral line
IS e inaspedrograph. Thereisno I |
magnetic field. Note: The ground | I
state of hydrogenis—13.6 €V.

(a) The spectral lineis due to atransition between two atomic energy levels. What are
their principal quantum numbers? (2 pants)

Thefirst visible line to appea is the one with lowest energy, or the longest wavelength
Bamer line. Thistransitionisfromn=3ton =2



(b) What isthe wavelength of the singlevisibleline? (3 pants)

The energy of the phaonsin this gedral lineis given by
E=13.6eV x (1/2° — 1/3%) = 1.89eV.

The wavelength of this phaonisfound wsing E = hc/A, which gives

A=hc/E=1.24 eV nm /1.89eV =656 nm.

(c) What is the minimum voltage setting where this gedral line can be seen? (3 pants)

Enough energy is needed to excite the n = 3 level of hydrogen, whose energy above the
n=1leve groundstateis

E=13.6eV x (1-1/3%) =12.1eV.

Thisisthe anourt of energy an electron gains after a potential change of 12.1V, so the
voltage setting must be & least 12.1 volts.

(d) If amagnetic field is turned onaroundthe gas tube, what happensto the visible line
in the spedrum? (2 pants)

The magnetic field causes the energy levels of hydrogen to be split acwrding to their
magnetic quantum number my, so the spedral line beaomes lit i nto comporents
correspondng to transitions between each of the possble values of m for ead ariginal
level.

Problem 4 12 Points

In this problem, use relativistic kinematics whenever necessary.

(a) A proton hes adiameter of about 10 m.  How much momentum must an eledron
have, at minimum, to probe the internal structure of a proton? Give the result in unts of
GeV/c. Thisiscdled deep inelastic scatering, and it isaway the quarks making up the
proton can be seen. Hint: Think in terms of the deBroglie wavelength of the dedron
when answering this question. (3 pants)

To probe asize of length L, awavelength A lessthan L isrequired. In this case, the
relevant wavelength is the deBroglie wavelength A = h/p of the dedron. Then the
minimum eledron momentum is p = h/L = hc/Lc = 1.24 keV nm / 10° nm = 1.24 GeV/c,
where 1 GeV = 10° eV.



(b) What isthe velocity of the dedronin part (2)? (3 padnts)

Sincethe dedron massis me = 511keV/c?, the nonreativistic expressonp = mvwoud
lead to avelocity much greaer than the speed of light. This means relativity must be
used. If we know the energy E, then the velocity can be obtained from the fador yin
E=mc?=ymec®. TheenergyisE = (p?>c® + me ¢*)¥? = pc, sincethe dectron massis
much smaller than 1.24GeV/c?. Then

y=E/mec®=p/ mec= 1.24GeV / 511 x 10° GeV = 2.43x 10°.
Sincey? = 1/(1—V?/c), if follows that
v=c(l-y?)¥?=c=30x10®m/s

to within ore part in 10/, so that the speed of the dedronis very nearly the speed of
light. Modern perticle accderators can achieve eledron energies of over 100 GeV.

(c) *%B can decay to %C viabetadecay. If the maximum kinetic energy of the dedron
emitted is observed to be 13.4MeV, what is the massof 1%B in atomic mass units? The
atomic massof *%C isexaaly 12.000000 u. (3 pdnts)

The maximum kinetic energy of the dedron emitted in beta decay is equal to the mass
diff erence between the parent and daughter nuclei (times c?). In terms of atomic mass
units, the energy of the dedronis

13.MeV ¢/ (931.5MeV/u) = (0.0144 | c°.

Therefore, the massof *%B is 12.0000 u+ 0.0144 u= 12.0144 u.

(d) What is the maximum velocity of the dedron emitted in part (c)? (3 pants)

Thekinetic energy islarge mmpared to the rest energy of the dedron, so relativistic
expressons must be used. The yfactor is given by y = E/mc?, where E = K + mc® =
13.4MeV +0.511MeV = 13.9MeV. Thisgivesy=13.9MeV / 0.511MeV =27.2.
Then

v=c(1-y?)"?=0.999c = 3.0 x 10° m/s

Again, the dectronisin the ultra-relativistic limit, traveling very close to the speed of
light, bu not nealy as close asin part (b).



