
dal a 
nnrQn~u~u~nndrznou~a~d?udz~no~nu%66z~nii azmou (atom) 



, A  A J lulaoao~ozmou ~uinrii-aii nrnr~~kdrznouuuoin~~mo~ iddamouain~iq 4 odiq 

n'o i u  $1 nu lv l  iu 'o~nnoif i1ml~ni~u~nnnd~~i4~0"ouin dil?#'ncl?iuii~~~u~tiu 

wmou brnyclarbnsl~u~?ninii 2,000 a 
J 

~ouidsnl i~l f fm?rr~d 17 91nsiu (Dalton) dnquao:mouuufcluoi$u~nir 
4' A ni.n~niluiiiqrd ormouuo~clin.'uiinniuvu"~11mn~i.~n'u1II uuriuvii~uotaiq luo~ainii 

dd w n ~ ~ n c m ~ ~ u ~ f i r i u n y u n q ~ ~  rininu1~1fi~r~~nuuiA~n.51~ina1uu~~I"nuan'~ ozmou su 

$Iufldollriii ozmou5oy'siq 

t7.H. 1875 l.llFIf%l%J~R~nd (Sir Williams Crookes) d011Hd4dl~Mfir~d~ 

~ ~ r a m n ' o u ~ ~ A ~ ~ ~ ~ ~ ~ ~ u d ~ ~ ~ l A ~ v o . j n n o ~ ~ q q i n i  dnngiiliinun~oq#l"uuqiuui!t?fill 

~ ~ l l ~ ? ~ n # ~ ? u . m  (Anode) lulfiqd'h b4ddiffil6Rlld~lio~ ~~b9dU~Lb#flOdlqHtle/ 
J oonuinniiau (cafi~dc) n u i u i u a r ~ ~ ~ ~ ~ R u ~ n ~ i 1 f i ~ ~ a ~ ~ a ~ ~ i o 4 u u  lui~uniiqdoon 

moinu:?nu$<i f i a l imb~  (catdde rays) 

1s 1s nouchr (1.1. Thornson) ~ ~ u ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ' . J ~ ~ L P ~ I ~ R ~ L L ~ Q ~ J I ~ u  
2 d 

oynmdiidrzq ~wrirkihrpn~~ot6vu~fl~ufiuiui~xi~~dn~~aznuiu~dfli nourTurnlnro 
J a A  d icl~mnd?ur:n~it~r:~n'uu?nuo.~oy n ind~k  douioy ninuuaolrunii 3lilnmrou 

(electron) 

1.8 I~VUQ I~B.JB~BIBUU~.JWBU#M 



1.4 t.wi~B ig1es8zm8uuas?miaa~ do4 61 

loolud ~niaoidofr (Emn Rutherford) l / l f l i 5 ~ ~ ~ ~ 4 ~ 1 ~ ~ 5 4 H f ' 7 d ~ 0 . ~  

oznoulu'il n.n. 1911 m drr~nndjnqu 4mlCiriiuriunkQr~~uu (radium) & n a i u ~  
d a d  IXoymnuondi (alpha) nk4iu 7.6 iou o a (MeV) i ~ u c i ~ ~ ~ i ~ u ' ~ u o ~ o ~ n i n r f d ~ a i u  

liaq.rdrzlnol id tunrriuill iiazd1lXd1lmu6~U1'~~~1pi~m~4fiiu1~~ (goid 1c.0 ~n 

d M A  n ' d  i s d  1.1 oy nifiaonrhvm&4iurn6 5 iouoa asltilnXii?aiiunuo.~y1o.~61~~id'iz~ 

PH 325 
uan 79 r4ni 3 





1.6 .NNE~~M~~u&~%.BNvB~II~~ (Bohr) 
d * a  iin uoi ( N ~ ~ I S  Bohr) 

~u1u~uu~~4ol'dbl~i1~~d1~~n7a~anuu~~1ul~~~n'uo~'mou $q~1na~u~qdoldZ 
d u d  n. ooa~nnnaou~neaaouu'a~n~ua TRUBIUI~U~U~U~~PYU ( A ~ ~ U I W  moman- 

d l l  ' 
~WI) l~u1~luna1u~ufiuBv7qrilad r~~ri~nlrri~nbu11xi~~in'1~l~1oonui 



v = naiuduo~n$tdi~i;n?rlAi 

1.6 ezmeu1aTc;lwo~ 
nn d  

ozmou?sl~snud~znod6auldrmou 1 {a o~a~~nai~uo~ozmautiazuoian- 

( R ~ U  i si7 InarifIua~nauodH'i~~ t i i~u~l lr ini i~~.ra~lna. i  = R im:nndauo~ 
n oia~mrou d  = v l u ~ m a z d n m o i a ~ ~ ~ o u a ~ l n o r ~ ~ l ~ a ~ l ~ a r ~ l n d n ' ~ w " a i n ~ u a u i n d " I ~  na d n'o d 

dY A d d  aqlnrr n = 1 l iun i i  o-.mouo~luma:wu~~u (ground state) ~ u ~ o i m ~ ' ~ ~ u ? f i w a ' . ~ ~ i u  I 

a d 
s~mdou~ka~~nos~H'i.~oinw"ain3ua~1inu.~uu n'o aqlnarh n = 2.3.4, . . . l i u n i i  

ozmouodlumaznrztfu (excited state) 
' . 



-3 1 
m = 9.11 x 10 * nn. 

9 
K = 9x10 

-19 
e = 1.6 x 10 qnouil 



w ~ ~ i u u 8 . j ~ i d ~ ~ ~ ~ u i i ~ n " I 1 w n ~ ~ n u 8 . j w n ' ~ . j ~ ~ ~ n u '  (K.E.) l t ~ ~ ~ & . j ~ ~ l l ' n $  

Iddl (P.E.) 

En = K.E. + P.E. 



rrnudi E~ rrns E, 



Bdmer) ' I # ~ i ~ ~ n ~ a 6 4 ~ ~ L ~ n 9 1 5 ' ~ ~ ~ 1 t ~ ~ 9 1 6 ~ ~ l f l ~ ( ~ n 1 5 n ~ ~ ~ ~ d ' I #  Imuoibneiclninai 

Rnmim~iqa~ndnn5'aJ'I# ~ m u ~ d u ~ ~ ~ u w m % ~ i ~ ' I d d  
I 

d 
LaJ6 R, = 6ln.rffuo4'lr6L~"n (Rydberg) 



4 a.rrd.rndnmiuoondunniuln ' 
d n. ynuo.ruinruoi riifi~i~nird6~iinmrourdauu~~~ua1na.r1narCuu~nru'i 

da.rkari& n = 2 tiu dduunnsr~uiuInor& n = 3 'ldka.rlnai$u n = 2 rhlX 
~fi~mou&~naiuuianaBu 656 UIIUIUWS 

u. puo.r'lnrruu ( L Y M W  6r~nmrourd~uurr6~1nor1dw~n~~~a.r1nor 
Y 

h n = 1  

n. qnue.rwlntru (Paschm) ~i6n~rsutd~aurr$u~~1no~~(ii~a.~Ina~i'u 

n = 3 

. qnuo.rrmrntnn ( ~ m ~ k u )  b r i f n m ~ o u r d ~ ~ ~ r r C u a ~ ~ n a r r ~ i ~ a ~ ~ n a r ~ u  

n = 4  

a. ~nuo44uR' (Pfund) ~1~nm~oud~uu~:~ua.~1narr(ii~a.r~nar~u n = 5 

anlo4 1.1 t#umdnniuqnd~q 

I 

nrdnns"oJqn 

ulnlub; 

"l6lolu 

wialrru 

~turflinw 

4 ~ 6  

8 4 d  8aaahod 1.2 o.rdiuasunaiuul~nad~uo~~dmoudiiifio~nosmou?ef~~rrou roloainnmsou 

d$uurrciu~noraina4lnoriu n = 3,4,5.6 im-. W u i h h  n = 2 (th 

nrdnmfuynuin~ud) 
44 0 

-, 
aaml 3iifli oin I = R~ - 

h [:- :- J 

t:$u?.r~ns~qnvfiu 

2 

I 

3 

o 4 \  

5 

(ndr-.6u?.r~nss$uh (ni) 

3, 4, . . . 
2, 3, . . . 
4,s  ... 
5,6,  . . . 
6, 7, . . . 



I#U&B~ ni = 4 , n, = 2 

1 = 1.09721 x lo7 

h [t- tl 



1.8 rz~lrirbia~lureaarneu\lafnr~w 

~ i n ~ n ~ d l ~ u n ~ t r n ~ ~ a ' u w d ~ ~ i u ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ t ~ ~ i ~ u  ld~llnucii n rrlX 

W&,IU$:, '~~~P~ f l l l n l ~ ~ l ~ l ~ 0 ~ l d ~ ~ f l ~ L l l ~ 3 ~ l l H f l ~ ~ ~ ~ ~ ~ . a ' ~ ~ l ~  (Enagy level 

diagram) m n k 0 a ~ n 1 u ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ d ~ n ~ d n n ~ ~ ~ ~ d 1  ~ i l ~ ~ a u i d u  





# 

odluaqkor+u n n- 3 orm 

m44 
7 n j / i  n. oin V, = 2 . 1 8 ~  10 

d d oiacnsouu~nni1 I ri? (multiclcctrm atom) tdfllidrrmwndidouinu'n aunrr&u'n 
# X inuiuinnr"l#~qnq~~n5~81~ (puantum ~ l m y )  vu irfiiuisn~iuiuwnoinn~rn~ao~lBI 

p n ~ o & ~ d  d i n i u ~ i u n i ~ # 1 u i ~ ~ n i u 7 ' 1 n ' I # 8 r : m o u n i u l ~ ~  

riiq l&oilliYq k'iu'iilbuXo~l#nq~~~13~8~ d.riin2lu~~ainnnm~diuaauin~ 



cr d olpln(~2ou ~ 8 4 4 1 ~  (KeV) 

-a d dno~ (n = 2) h n i i  ?~tnnRl lan  &- shell) UO~~WIOUW~~IJ 8 % ?s~nrr&dma 
a- d 

(n = 3) eunii ?atnc2J.ulaa (M - shell) rzuolmmrouIfii1iiU 18 rj? ? q ~ n r A m - q n  
dcr d rarernoaiihdunii aimurolnnnrou (Valence electron) ~ b ~ ' o ~ ~ m c l r o ~ A i i ~ o e i o ~ s u -  

dl did~niuin~~mJ~uoz~~ouou ozfloaa~nd L ormouro~rnnhdou (Inat gas) 1414 
r 





-11 2 
16az R,, = 5.3 x 10 n rums 

n 

1 

2 

3 

4 

5 

6 

00 

En (eV) 

-54.4 

-13.6 

-6.04 

-3.40 

-2.18 

-1.51 , 
0 

R,, (x lo-10 turns) 

0.27 

1.06 

2.38 

4.24 

6.63 
I 9.54 

00 





I da P iuo x = ~ ~ ~ ~ n v d n i ~ m i i u n 4 1 1 i ~ ~ u u ~ i n i i u n ' 1 1 ~ ' ~ ~ ~  ibu u'amiiunuo~!al~nouM 

{a H, u'miiunuosbnQioul#{? o, u'~miiunun~pniduul# u 

A = muu?n (mass number) du6a1nulm~t~1ua~u'?msou imz~iu?u~~smOuC/ji 
16 

odluu'am?iunuo4ozmoutu idu o nuiun?iuii u'~iniianuo~8onQiauii 
23s 

fJ~mouimzu'?msous3un'u 16 62 u nuiun?iu~i u'ainiunue~gisrsduu 

illdsmouimzu'amsous~u6u 235 



Z = 6 t i l ~ 0 ~ 0 1 1 ~ ~  (atomic rtio$n~~iiuau~d50110uiii~~~iu1~ 

o.~gnriiuudsznouAiuld5~1ou 92 i a  





7 h - d  ( T S O ~ ~ )  I nulo& nSjr*~o~a:clorr#ii1avvqa (mass number) 1n'Gu 

H, He ~ j ? ?  Li, Be, B, C, N, 0 
1 2  3 4 5 6 7 8  

'lelnuei (Isomer) nvwk n~uvo~o~nouau'cldu~u uriiiw~~.nucii~n'u 

l b ~  Tc, Tc H?Q In, In 



1.16 3 d i  hnwC a id  acr 

u'ninu1mnmi~rnun'luwuiuiu6tu1un'~~di1~~o~u"3~~1~~ n 1 r o d i - J ~ ~ ~ ~  

W~nuulmrS~mrouniuluu"a~fldun iinir84nrluljdid7 umunqui adqnnquljlri 

m u i r n o ~ u i ~ d n n ~ n i r d l i ' ~ ~ u ~ ~ ~ n ' ~ ~ i n u ' ~ ~ f l i i u ~ ~ ~ ~  nt(uiadnrdicQnnfi~u~1$oo:: 

osu1udr1n~n1~dik4nirlriiEu o i o l l r i u u d u u ~ ~ r i u m ~ u o ~ f l d i # ~ ~ ~ ~ ~ a w u i u ~ u ~ ~ ~ ~  w 

aluniwi ih~i i~di i~odi~ l~  d i R h ~ n l i 3 # 1 ~ o i i n ^ ~ i 1 ~ ~ i i ~ d i i 4 ~ ~ u " o ~ n n ' ~ ~ u ~ 1 f i ~ ~ ~  
dd 1 ad8 ind i~n~~~o i r~n< i I i . ~ i i 2d i i~1~dou j  lSuXu u'ninuiuinnrnlauriuafi~tu~~n 

Sf uuui~rtoo~uiumqrn~~o~'i .~~ud.~ ~~cilrin~mrooZuiu~Hqni~aiJT~Hu~d~iifioinu"a~fliiun 

I# h6Rn 2 vu"~ d lC iu~u~iumiskuk~ 88 ~uln~dHURi6 (liquid drop model) 1111:: 

baa1&u (shell model) 
w d w o y n i n ~ i i d r z p ~ ~ ~ o u n ' u o z o o n l l r ~ ~ ~ n ~ ~ n u ~ ~ ~ z ~ ; J  ajiullrmoulu5-J- 

~fliiuno:oonlntwXnriu~o~ ~d~mou8%n~n1ui~nr~un'uo~ni~l~u"a~fl~und~i iu~1~ 

dnuinldi tinwii oz#o~ii~~r~"orru"~uud.~uiii~lf ~ ~ ~ z i i ~ ~ ~ ~ u i n n < i ~ ~ ~ ~ w n ' n u ~ ~ l d s -  
d clou ~ u d o  ~ t s ~ r r u " R i f i i  ln~u"3m$uf (nuclear force) 1~n~zdildd3n~oou~1.~riu 

~ouniiuui~uotu'amnZun~n'i~u \ 

1.16 IWWI ,A ~ ~ ~ W W E Q J I M ~  ~ l n d  a= 
Sf t r ~ a o o ~ u ' ~ m ~ i s n ~ u n i ~ ~ n r ~ ~ ~ o ~ u ' ~ f l ~ o ~ ~ ~ d r ~ ' n ~ u u ~ ~ ~ ~ w ' ~ ~ n ~ u  ~n 

2 - A  a di~uo~u~ndiu~uuuaonunii lluniidn (mass defect) u ~ t ~ d ~ ~ u ~ d d u u ~ ~ u w n ' . ~ . ~ i u  

li!o~fiu'~n'noou H liunvmfisiud-ji ~ ~ ~ ' ~ J I U I R ~ H ~ U ?  (binding energy) 

n ~ i a # u r l u i ~ z ~ i i ~ u ? a l ~ n t ~ n ' . ~ . ~ i u ~  
24 PH 325 



''A 
(Einstein) ;~UU!U~ 1905 ;€I 

(1 amu)(1.66 x 10-rn ~~ /amu)(3  x x 10' 4 = 931 MeV 

(1.6 r x 10-Is J/M~V) 

Mass defect = Zrn, + (A - Z)m, - m 

rn, = ~ ? n ¶ I f l 4 ~ 3 ~ 5 6 ~  

B.E. = [~m, + (A - am,, - m] 93 1 
A 

MeV 



2 
= [ ~ m ,  + Zm, + (A - Z)m, - M] c 

2 
= [%+(A-z)rn , -M]C 

A 
lue MH = u ? ~ u Q ~ Q Z R Q U ~ ~ ~ R ~ ~ ~ U  = 1.007825 arnu. 

m, = ~ ? ~ l I 0 4 ~ 7 f i 3 0 ~  = 1.008665 amu. . 

* 

B.E. = [1.007825 Z + 1.008665 (A - Z) - M] 

ad 0 aanl nr?acus4'ldsolsu 6 6 2  = 6(1.00727) = 6.04362 amu. . 

U?alI84u'?ol38~ 6 6 3  = 6(1.00866) = 6.05196 amu. 

nr?auo4u'?n~eeu 1-2 = 12.09558 amu. 

Mass defect = 0.09558 m u .  

W ~ ~ Q I U $ F I M ~ U ?  = 0.09558 x 931 = 89 MeV 

rrk~iu3nl~du~dou'?niioou = 89 / 12 = 7.42 MeV 
I 

H ~ Q  I M U ~ ' I ~ U ~ ~ S  
2 

BE. = [zm, + (A - ~ 1 %  - m] c 

= [6(1.00727) + (12 - 6)1.00866 - 121 931 MeV 

= 89 MeV 

B.E. = 89 = 7.42 MeV - - 
A 12 

ad 0 

1 B.E. = [1.0078252 + 1.008665(A - Z) - M] 931 MeV 

fl. B.E. = [1.007825(8) + 1.008665(16 - 8) - 15.9949151 931 MeV 

= 127.52 MeV , 



B.E. = 127.52 
-i 

A 16 

U. B.E. = [1.007825(82) + 1. 
= 1634.88 MeV 

B.E. = 1634.88 = 7.86 M - 
A 208 

m a  0 

a n n 1 B.E. = [I .007825~ + 1.008665(A - Z) - M] 93 1 MeV 

B.E. = [1.007825(92) + 1.008665(P30 - 92) - 230.0339261 9il MeV 

= 1751.6 MeV 

B.E. = 1751.6 = 7.6 - - 
A 230 

$ lllaUU -232 

B.E. = [1.007825(92) ) - 232.0371671 931 MeV 

= 1751.6 MeV 

B.E. = 1765.0 = 7.61 M - - 
A 232 

$ !3ldWJ 538 

B.E. = [1.007825(92) + 1.008665(238 - 92) - 234.0507601 931 MeV 

= 1800.8 MeV 

B.E. = 1800.8 = 7.57 MeV - - 





i a 
WD x = 8yftiflngnlj4ldiIiU (bombarding particle, incident particle) 

X = ~ - U f l ~ ~ d ~ n r ~  (target nucleus) 
1 4  9 

Y = u'?rfl~0flnrn@l~~lM~ (product nucleus) 
d 4  J 

y = Dyfilanm@vU (product particle) 

fiiudn~lum~li~l#~n'mdQ'n~u~u'~~n~cnf iiqm3sndQnru x ompfiih n'o 1i 
i ~ c ~ i u o a d  , ' o ~ ~ i n w k ~ ~ u ~ ~ n u n v o . ~ ~ ~  nin ulaormouJtiiiiicillwa~ anvo.~Yyd.~.~iu 



44 0 2 asni Q = (M, + m, - My - m , ) ~  

= 17.3 MeV 
d ctn w ~ ~ ~ i u i ~ a m ~ ~ o u o o n u i i ~ ' ~ ~ ~ ~  17.3 I O U B ~  

rQre~d~n7miiain3ai 

dg 'n?uin~t . i i?mi i~ i i i~~~~inui~~aiu~u"m oir4ii~un!A1muq~1n(11u"moynifl 
d o  cl n'vii~~i~mdg'n?u~iiazo~ninw~nmvu 

I. dan7aidba~1ne~ niniioadi 

I. I dg'n?uidiEmainoy nin~i~av~i~~~uu"~1n~urf  (taget nucleus) !&a- 

Ln8~rf'll%il~d (product nucleus) ila~~yfllnld7Pl~ld fitlfldl alpha - proton reaction L?UU 

~mu#'~rr~yyfiupi (a, p) reaction t~nunnio~dd 



1.2 alpha - neutron reaction 

2. d f i d u i d t ~ m s i f i ~ ~ m ~ w  

2.1 proton - alpha reaction 

2.2 proton - neutron reaction 

PH 325 31 



2.3 proton - gamma reaction 

2.4 proton - deuteron reaction 

3.1 deuteron - alpha reaction 
e 

16 2 18 14 4 

8 1 9 7 2 

3.2 deuteron - proton reaction 

3.3 deuteron - neutron reaction 

4.1 neutron - alpha reaction 
32 



4.2 neutron - proton reaction 

14 I IS 14 I 

N +  N  - [ N ] -  C +  H 

4.3 (n, 2n) reaction , 

4.4 (n, r) reaction 

5.1 (Y, n) reaction 

5.2 (r, p) reaction 

1.18 gtlgl4 (Fission) 



l d & J ~ l ~ ~ M ~ 4 4 1 ~  = 0.1514 x 931 = 141 MeV 

nbjain~iind~nicnorl#wd34?u 141 ldrin 

34 PH 325 



1.19 'IJ 7r'u (Fusion) 

36l~5OJL1Q(;I9~l3'Y1~rBO9UQ9S 'Y16883 d83 fi 
w d d 

90 REM ***** ptogram 1.1 +**** 
95 REM The Rutherford Scattering Experiment 



one unit = 1 x 10-l4 m I 

100 REM ***** Set up graphics characteristics ***** 
1 10 SCREEN 2 : CLS ; XO = 320 : YO = 100 : S X =  1.5 : SY = SW.25 

150 REM ***** specify initial conditions ***** 

240 DT - - 10" -22 

300 REM ***** set up screen display ***** 
310 Y1 - - 0 : REM draw horizontal axis 

320 FOR X1 = -110 TO 110 STEP 2 

330 XS - - XO + SX*S1 : YS = YO - SY*Y1 : PSSET (XS,YS) 

36 PH 325 



340 NEXT X1 

350 X1 - - 0 : REM draw vertical axis 

360 FOR Y1 = -100 TO 100 STEP 1.5 

370 XS - - XO + SX*Xl : YS = YO - SY*Yl : PSET (XS,YS) 

380 NEXT Yl 

390 REM draw coordinate grid 

400 fOR X1 = -100 TO 100 STEP 10 

410 FOR X1 = -90 TO 90 STEP 10 

420 XS - - XO + SX*Xl : YS = YO - SY*Yl : PSET (XS;YS) 

430 NEXT Y1 

440 NEXT X1 

1000 REM ***** calculations and plotting ***** 
1002 SC - - 10"-14 

66 91  9 1  
1006 LOCATE 1.55 : PRINT " one unit = ;SC; m 

1010 FOR T = 0 TO 2* lW-20 STEP DT 

1020 v 1  - - Vl = VX+(K*Z*E*E/M) / (XA2 + YA2)(X/SA2 + yA2) A. 5 )*DT 

1060 GPSIN 3000 

1090 NEXT T 

1200 END 

2990 ***** plotting subroutine ***** 
3000 xs - - XO + SX*X : YS = YO - SY*Y : PSET (XS,YS) 

3010 RETURN 



I r 
u a  d 

9. 8QH1 excitation potential ~ S Q ~ H W J V ~ Q ~ ~ Q I ~ U Y U ' I ~ ~ ~ O U  

I 24 25 26 
2 

lo. o~n~iu~utdraoui~n:u"~mrouuo~u'~indun9io1du n. ~g u. ~g n. ~g 
I2 12 12 



19. ~ ~ 0 ~ 2 1 1 ~ ~ t l ~ ~  (Fission) 

20. 0 0 0 ~ 1 1 1 ~ ~ ? ~ ~  (Fusion) 


