
續駛 祖 國立成功大學九十九學年度碩士聽招生考試現題 共 1" '第/貞
耳所組別 光電科學真工程研究昕甲組

考試科目近代物理 考試口期間由都次 1

※考生請注意本試圖回河口不可使用計算機 

Phvsical constants: 


Spccd oflight in vacuum c = 2.998 X 10& mlsec 


Electron charge magni仙dee= 1.602x 1肘 9 coul
 

Planck's constant h = 6.626 X 10.34 joule-sec 


Bo]tzmann's constant k = 1.381 X 10,23 joule!K 


;\\'01且dro '5 numb~r No '" 6.023 x l oD扭。1，
 

Cou1omb's la\v constant Ij411"&o = 8.988 X 109 nt_m2/coul勻
 

Electron rest mass m.= 9.109 x 叩 11 kg =O.511MeV/c2
 

Proton rest mass mp = 1.672 x 10.27 kg = 938 .3 MeV/c2 


Neutron rest mass mn= 1.675 x 10.27 kg = 939.6 MeY/c2 


A旬micmass unil u= 1.661 x 10.27 kg= 931.5 MeV!c2 


Fine structure constantα= 7 .3 0 X 10, 3 


1 eV = 1.602 x 10, 19 joule 


I.Th時 ov間g' 血'eshold of scoto抖 c vision is 4.00 " 10-11 W/m2 at a centra1 wavelength of5叩 nm. (a)If 

lighthaving 祖sinte由lty 曲d wavelength enter凶 the eye and the pupil is open to its m甜imwn diameter 

ofS.50 mm，加、、 m阻y photons per second enter the eye? (5叫) (b) What is the temperatm海 of a black 

body that would radiate most int血sely at this central wavelength? (5%) 

2. 	 Abullet 怖之 0.01 kg) has a velocity of400 m1s, accurate to within 0.01吟。但)Calω1.能也e de Broglie 

、性、!elength for the bu11et.(5%) (b) Within what lìmits could we dch:rmine thc position of the bullet 

along thc direction ofthe velocity? (5%) 

3	 個) What can the pbenomena of photoelectric e宜ect be not explained by wave theory? (5%) (b) 

I ,i thium , berylliu血，阻dm帥叮旭.ve work functions of2 .3 0 e叭 3.90eV 曲d 4.50 甜; respectively. A 

blue 1ighl is incide江1t on each ofthese metals. Det間nine which metals exhihit the photoelectric effect 

(5%) 

4. 	 Based on Ruth位dord's 恥odel ， the distance of closest approach of the particle to the center of the 

nucleus, R，的 

R=T[l+吋奇].
、盯1ere D is a convenient par也neter qeual 10 也e distance of the closest approach to the nucleu的 m. 

head-on coJlision 叩d ~ is 由e scatlerlng angle. Give physical arguments explaining the results 叫曲

，→ π缸村→ 0.(1 0%)

(背面仍有題目.請繼續作答)



5. 	 ln Compton's cxpcriment thc v. avclcngth of the incident photon 15 }.、 Thc ph01叩O\;curs tW1CC 

scat1 ering process , prodm:ing a photon having wavelength and movmg in a direction directly 

叩positetheoriginalphot開 Detennine the numerical vatue of L'l;. oo;: -,,.:. (10%) 

Ócledronl 

可以\/'U:~::D申 

Ó 	 ~how that for a frec particle of mass m moving in 叩e dlmens lOn. the functionψ (x);:;:: Asin(kx) + 
8c間(kx) is a solution to thc time-independent Sc虹。dinger equation for an、、 aluesofthe con叫antA 

andß (1 0%) 

7. larηomemum of Eanh in i“ were qu血 tizcd like a hydrogen lf thc angu motion around the Sllll 

c1ectron according 10 L = mvr - nn, what wc川ld Earth's quantum number be? (5%) How much energy 

would he released III a transition to thc next lowcst levcl'! (4%) Wüuld 也'1 個ergy release 

(pre~uma蚓、 as a gravity wave) be detectable? (1%) 、Nhat v. ould be the radills of that orbit? (3%) 

(Themd1UsofEarth'~orbitisl .5)( lO 11 m.) 

8. 	 The re]ati、 e binding of the eXlra electron in the arse叫catσm that replac l:s an atυm in silicon or 

gcnn阻lumc血 be understood from a calculation of the first Bohr or仙 of thb electron III these I 

汀 Z舵nals Fourofar~enic's out臼 electrons from covalent bonds. so the 伍的1 c1 ectronsees asingularit、 l 
charged center of attraction. This modeJ is a modified hydrogcn alom. Jn the Bohr model 01' thc I 
h)drog l:natα.n ， thcclcctronm仙 es free ~pace at a radius 肉包ivenby 

Eoh2 
a,,=--_ 

一 πm， eι 

Whenanclectronmo間's in a crystal 、vc can approximate the effect of the othcr atoms by replae l1lg 

ι。、叫也忱。 and m" with an effective mdS5 for the el“ tron For sihcon K is 12 and the effcctíve 

mas~ 1~ about O.2m., and for gennanium K is 16 and the e邱吉'"間 m'上 sisaboutO.lm， 

(a) 	Estimatc the Bohr rad Íl for theυuterde已 tron as 11οrbl1 s the impurity arsemc atom m sihcon 也，d 

g'~曲 iwn.(S圳 

(b) Find the ioni7atlOnenc申es ofthc doping arsemc atoms for siheon and gennanium (5%) 

9 Aparticle ofmass m is m a l1lfinite square well potential given b、 

L一一
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rαα 

10. for --;:-<X<I w.~， 

V(λ)=1 α 
!∞， for x < τj 的 E

Sinc\! this pc 血tial is symmetric about the origin，曲。 probabilitv d個叫 I I/J Cx)12 must 訕。 b， 

symme叮 

(a) Show that th的 implics that eitherψ (-x) = ψ(x) 前 ψ(-x) 福 -ψ(x).(5%)
 

(bl Show that the proper solutωns ofthe time-indcpendent Schrödin皂白罔聞u咽 C曲 be 、甜甜n(5%)


|但mβ~ furn=1 , 3, 5,. -~2Sx臼/2 
l圳、 a ' 

ψ"(x) = 	1ι---
l 止~inι二二) for n = 2, 4, 6,. 一α/2 '5. x 三 ./2 
I. la 、 a ' 

'0' 三 -α12 ， x ~三 α/2 

(c) Find thc allowed energies in the infinite squ間ewell. (5%) 




