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rating atoms in a metal. The de Broglie wavelength of moving «
ctrons particuiarly) has been verified experimentaliy. This i;
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In developing a model for the hydrogen atom, Bohr had to assume that

the stable orbits were lho\g where S % 370, d \,,,;/\ O\ & wany
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Because de Broglie showed that the moving electron should be c()l'lSldCl'Cd

a wave, that wave will be a stable one only il the wave |ums \moothl)
itsell. This means that the uuular orb bit must contain a W hole nuh’tz.r i
avelengths as'in FigureQ. The circum I’ercncc of acircle in terms of the
adivs. v, is C =2z, T herefore, a whole number of wavelengths, ni. must
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acter of _a particle and the Bohr model\Onl\ two years laig htu

in Sc lbdmt_u used the model of a standing wave to represent the
sctron in the hydros_m atom and sol\fo;cl the resulting wave equation, e
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The Heisenberg Uncertainty Principle -~ a0 & 77“J
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v a wavelength of about 4 » 105108 » 10 %em (4510 108> 10 m)and | ,_,'/"\
ig

~

Y e

very low energy. The light strikes the shlp and is reflected to your eyes.. the {V?:f"‘

. detector. Because of the very Tow enem\' of lh\. light. the ship.- weighing .:_;':",’/
” sev eral lhouxand tons. does not move as a result of light striking it. Now. > T‘;Jf
suppose you wish 1o “see™a very small pamcle of pulnps HNE (10 "'m)

dlamelLr In order to locate the particle you must use “light” h‘mn-_- a i
WW’ length about the same length as the size of the particle. Radiation OW 9
=6 107 em (very short) wavelength has very high energy smc’:sn) RPAC AT =T
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“ Therefore. in the progcess of locating (observing) the particle with high-
/ energy radiation, we have changed its momentum and energy. Therelolc

it is impossible to determine both “the position and the mmmmum )

AN
3 sxmﬁhaneouslv to greater accuracy than some fundamental quantity. That S,

" qﬁzﬁiﬁiy is h and the relationship between the uncertainty in position ..
,}\(d)stance) and that in momentum (mass * distance/time) is \'L’l
I\ Ax. A(mv) = 15 0.0 laf,q

This relationship, which is one form of the Heisenberg uncertainty
Fa =

prmcuplc indicates that h is the _mnd_ams;anqunm_LMMn We can o

se¢ that this equation is dimensionally correct since the un}_cnﬂll\ in €5
- position multiplied by the TUICErainty inromentuny has (hu dimensions of
> distance a3 o)
distance X (mass e In cgs units,cm X | g x ) =erg.S \
7 And the units of erg s match the units on h. If we use uncermml\ in mm
s "in seconds gnd uncertainty in energy is erg s, 258G V),J L j/ \
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7~ And this equation is al&g_lg}gnsnonallv correct. Therefore, an equation of
this form can be written between any two variables that_reduce 10 erg s or

g em’® /s. It is implied by the Bohr model that we can know the details of A
The orb___J motion-of the electron and its energy at the same time. Having

now shown that is not true. we will direct our attention m the wave model
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Bohr mtemn.led the formation of line spectra of hydrogen atom but not
the fine structure. Thus, Bohr failed in his postulate which include that an
electron is rotate around the nucleus by a constant cireular orbit where. the
moment and the position of the certain electron can be determined
accurately at same time but, this case is conuasl with the uncertainty &
prmcnple where if the moment is calculated in exactly. the calculation of -
the position then is apprommately Sommerfeld and Wilson at 1915 found
a new method for the quantization in order to interpret the fine structure of .,
gen atom and helium lon that include two respects:

T o
vlving the kinetic equations according to the classical mechanics
using Hamilton's function by using the coordinates and the
moment as independent variables. o\
‘ £

The equation that obey to the quantum condition is taken into 8

ount among all the above kinetic equations. #
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e of variation, the
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g; is the coordinates and pi is the momentum. The symbol é p;

t the integration of complete periodic motion i.e., itrepeatedina
. 1 . Tl

periodic. The non-periodic motion is not obey to the quantum
Y because it is not quanuzed i.e., itis not be behave as multiple for a
5l antum. Rin equation | 1S the quamum number which is natural
.most cases but sometlmes a half quantum number can be used

: talZé a senes of l/” 3/2, 5/2, ...etc. in this case there are

ized mouon for the pamcular system and the energy of these
called as ener gy levels. On the other hands, these energies
ted in the following equation in order 1o estimate the
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_-j,- instead that the orbital is elliptical but not circular according

: ot dd i

uantum condition. An important applications for Sommerfeld
) condition) the estimation of energy levels of har monic

id rotators and particle in a box. e
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Quantum Mechanics: = .. oal o UK. D - /j, PN A\
Quantum mechanics is one oflh(; A b e M re 2 £l
: systems that described by two ditferent
methods the first, by Werner Heisenberg and the second by Schridinger.
Then Paul Dirac insisted that both of-_llgem are same. Thus.’threc methods

can describe the quantum mechanics: Rt

I
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1. Heisenberg representation: }}\] /»—,',x_l_
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eisenberg used the mathematical matrices to define _lh__é _guaﬁntuni ‘)

mechanics, the matrix then_ ig_c_zllled;mu_'ir_gmechan_ic's where. the system

:is ""Pw. Se'ii.léd By an oriented (column of the matrix) and each variable
EDBARICS 15 accompanied by a matrix. The information are obtained by
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olving the mentioned matrices. , /&Mw <= *
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1o Debrogli the difficulties in Bohr's theory can be solved by
a wave equation for the mater. Schrédinger advantaged from the
sts of Debrogli and writing his famous equation for the matter. His _.

E ; : o \ot
at depend on the wave 1S called as wave ynechanics. copady A\
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oth of Heisenberg and Schrddinger representations
me case. He represented the system in a mathematical _function is '
hich is referred by the symbol | i> where, i represent the
for the mentioned function. The conjugation of this function is

that referred by the symbol <j | . He is using the mathematic
" describe the empirical measurements where;—this—aperator
jpon the physical state for the system. He is solving the
ical equations that represent the particular system according 1o
w for calculation of the energy of the harmonic oscillator. \¢¢
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the particle has a wave property.

5 the laboratory experiments,
the function is called w. The

1 can be expressed by
a to express the mentioned function is sine wave
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% e m&)x 20K . Flgure I: Sine wave function.
The wave function y can be expressed by the tollowmg equation;

ane bz I
=2nHx=1-b== Subsmutlon of b value i m equation 3:
o 5 TG / " ot pehk
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gation 4 represent the value of sine wave as a function of the wave length
on the other hand the wave function y can be represented as a cosin

2n b
sin%’1 x+Bcos—A- 7 R T L LT S : iy

y aof the referring to the w ave motion’is 1o link between the guantuw

wnd this motion. Double difierential for equation 6:
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& As shown from eql_ngti_on 13itr

Substitution of v in equation 6 to equation 7: ¢ A P Gk b R A
/ ” 5 BT,
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PO \\'ffe molll'\ quahtum.mechanics. As equation 8 derived i
4 ion where it assumed that the particle has the = =~
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wave-property ac ] : :
v according to Debrogli. Thus, equation 8 can be app!
thc “la“eli When the v l o o o L .
| BasiE lie. value of wave length is A in Debrogli by the linear
momeiitum then equation 8 can be writtenas: > sy s A Lhas @3
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n chemistry it is important to express the Schrodinger equation in form of ~V
e ol 4

the energy as in equation 8 instead of in form of the linear momentum as
ve i.e., the total energy o

in equation 9. Hence, if the system is a conservati

is being constant respect to time where: /v /’) P \aap) P \’/Qa'/.')\ R
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Rearranging of e uation 11 is yielded: S o
ging ot eq 18 y1 o2, {\/,u.s alstedy o\,
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The limit o =—27 + V can be expressed by the Hamilton's operator H then

equation 12 can be written as: il ek N -, ;f’ oy W
A . P fr'u a‘/&,ﬂ“,/ \ ) V., R ¢
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sto

epresent the Eigen value where v refer
sin glﬂle_miSeraﬁa— E represents the energy
o e Sch‘riiJaTﬁ—géf équat}gpigr the stable state
i.e.. the state that the energy of !h_e_‘].)j_l[éi‘ql‘e_ is constant respect 1o the time.

e ad according to the experimental facts hy using

The qb/oyMe_qi@ppnjs., erived ac using
the wave property of the matter but, the !’af“ﬁ‘ﬁ—lﬁ—lnm’ed-unmg,h_ﬂwee
dimension 'ﬁi erefore; equation 13 can be written as:

the-atomic and molecular orbital
ton. Equation 13 is th
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The interpretation of the function yr:

. . wra et S i as
As the system that selected in Jast to derive the Schrodinger equation he

the dual properties i.e., the wave_and the .parlicle..an1d:,w,.|s_‘lhc “1“;
function. Max_Born interpreted that the physical meaning of y whic

—

represents the electron where, Tie said That \ can give the an idea for the
probability density of  the certain_electron. but_w_not_represent_the
probability density of the certain electron_because the probability it lies
etWeen zero and one (positive) where, zero and one refer to improbability
probabi ity density of the certain electron respectively and v can b.e a
: '";f-in~F_i'gure I above (sine wave) or can be as complex function
Her words y can't expressed on the probability density of the
ut y° is the represent expression on the probability above if \ is
nct; ‘oﬁ. Generally, the probability is represented by \p\p'_ ifﬁ\;f is
¢ function thus, in order to expression on the probability density of
dlar electron in small vdll_une dxdydz the exact expression is
2. Hence, the wave function rgRl___'e"séﬁmm state of the particle and
glinterpretation for this function represented by the probability
he particular particle in special position in a space therefore; the
ion should be physically accepted::

19
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¢ state of'a sy stem, there is a function v, of the ©

coordinate . R 2og"en
Ly nates of the parts of the system and time that completely dumhc: .

Av o the system, Fora single particle described by C
write;

artesian coordinates. we can ch o E

()\bﬂ L\\a\-’ W) P L0\ P / ;
wh Y=Yxy2zt). ... < \ 7{ 2P f cfv.\,}.

O For two particles, the ¢

: oordinates of each particle must be specified sothat - »
W= Yy G o \q
=3 Y ("1'3’1-21'32'an22.() 2 >

Or a general system, we can use generalized coordinates, q; D
' ""P(q,-, ) S N er etk teeedeeirreraieaaesaraseeaasaeranaerntaerntsenntased s
— 7
nce the model is that of a wave v is called a wave function. The state of
5

= Y. . e .
ared, - is proportional to probability. Since yw may be complex. we are
' — - e

ested in y " where y' is the complex conjugate of y. The complex

ate is the same function with i replaced by —i, where i =V-1. For
. F““—-,

mple, il we square the function (x + ib) we obtain: P s S }\ o 4y
(x +ib) = x* + 2ibx + ib* = x? + 2ibx = b%............... 4 oy,

| the resulting function is still comple\ I we mullel) (x + ib) by its Ml

o) wfuw,

d

-

total probabllllv be unity (1) so that the p'\rllclc must be
R Thatis: D5y NS WS ) (1 2
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Single valued and continuous. These conditions describe @
are as

n ﬁ;J‘

behaved” wave function. The reasons lor these requirements
S \4L \ o ./J\
follows: ‘)D‘d"ﬁ}’\'\"‘) wA LMl
I. Finite: A probability of unity (1.00) denotes a ssure thing.”
\\9\ - - . > e
L2 s probability of (0) means that a certam event cannot happen. -
2\

L - oy 3 .
AP N Therefore, probability varies from 0 to unity. 1f y were infinite. the

\ oy A \ "’) (\/"J’,p’
* probability could be greater than 1. 2 (’J ~, ,/‘;\\ AN

2. Single Valued: In a given region of space. there is only one N
[

f\ O

)

,probabtllty of finding a particle. Similarly, in a hydrogen atom. there .

is a smgle probability_of finding the electron at.some _@gl_ﬁgsl““":

A distance from the nucleus. There are not two different probabilities s
“50

yof finding the electron at some given distance from the nucleus. 5y

Continuous: If there is a certain probability of finding an electron ),

b ;
at a given dlstance from the nucleus i in a hydrogen atom. there will

”

be a shghtl\ dlﬂurem pr obabnhl) if the distance is changed slightly.

The probabnht,\ docs not suddenly double if the distance is ch.muud

__.——d----—— mesnn ()\

. ‘( - ‘ . J \'. \
o be orﬂmgmml ththerlre mteoml \amsres may de nd

.

R ———

used in dt. [f'the coondmates are X, y, and 2, lhe hmns are from

e —

—

:ar§0tgm 0 to m, and Olo 2m, respectively. Ao\l P
= — = EMNY s
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Classic: X RS § ; ; AP L .
sical mechanics: The classical mechanics science studied the

motiop of the bodies and the forees that affected on them, 1t is prove that
the using of mathematical sciggee and its theories leads to discover and
explain the natural effects (phenomenon) in the universal. The classical
mechanics is used for the system that its contents are greater than atoms
and molecules only. This scienoe depends upon Newton's law of motion
then the exceptions is treated by ,Jo&h:l-qgmngc and William Hamilton.

Because the classical mechanic not suitable for the atoms and molecules.

Hence, quantum mechanics discovered to treat exactly this case. The
presence of quantum mechanics initiated relative to classical mechanics
hence, some of lows in classical mechanics are A&HE in quantum
mechanics therefore; classical mechanics should be studied h!"lt‘")' when
the quantum mechanics is studied. :

)
The principles of classical mechanics/for solving the pmhltM‘ "““,;:é‘ o
motion of bodies is studying the contents' motion in movement's l)pxlics d;f
under different forces and the primarily conditions that surrounded by’the — ¢t=ru)
motion. Thus, the differential equation for Newton's second law should be @s

solved: 7 At —
y/ oz &aon = e T & ‘
F =ma lg"ﬁd*%xa'&’\“‘/'u‘ ........ o8 0%

SW¢
Where (F) is the applied force, (m) is the mass of the body and (a) is the
ground gravity's acceleration. 01 / ow You (o /3??JWL gwu[ Eie
Conservative System: yN-U'" fg @JY Wu,/ 67,(,% A~

If the product of the sumgf' both kinetic and potential is a constant lor the
particular system with respect 1o the time, the system is called conscrvative

system. Whereas: QR ohat (,b pou mown &
TH+V=E .oicieeennnnnninrninianasas crissosanessaannndiansees DOYINL, 2 :

Where (T) is the kinetic energy, (V) is the potcnl'n energy and (L) is the “":V‘“”
total energy. Conservative system is an isolated system which is not O t(‘\‘:
affected by the external force. On the olhc.r hand il any property for any 797
mechanical system is independent on the tije. the property l!\cn is L:'.l“!.".l
“the constant of nmliomc system”, l'hus.’l_-. in equation 44 |.~.’thc
constant of motion for the system. ‘ 1/7’: ,/,'/,w ,/,L. 7 & '; ey

pad T tave Jep o S0
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For the kinetic H

amilton's equations of this system, the momentum is
alullatcd

according to the equations 71 & 84:

& R N — o
Py = (m; +m,)ye 3 '-“’ﬂ" 29

........
...........................................................................

--------
...........................................................................

Since, the Hamilton's function can be written according to the equation 72
as in the followmg

Sy (7n;+1n2) s (PE+p2 + pzz) + V(x,y,z) ...... Sesnaeesesanraneaene 92
>x Th M s M3 1B = Dy Mg =
am on's equations according to equation 70 are: ‘;\y’/\" L 2"
X ’ \\A‘M
Y. Atn ey ;"’ . R i 70
>’:r-‘“( = Praty 4P %p
=0,05 =0,p2=0........ Ok AN i \

i ns 1?3) are same as in Lagrange's' equations. \r}\i"/‘

h_assncal mechamcs assumed that:

tcase of any system can be described at any nmeﬂpcumemally

b ralorv‘)‘bymme vectorial velocity
tly for all system's constituents. i.e., it can be deduced {verity)
govements of the particle in the certain system. "”"' 7
fifying of t the mobile of the particular particle for any q*mcm

§ that the energy and the momentum of any particle at ary time. &«
y !zn Fevh "
De y
¢o postulates result the following: &

ot determination of the dynamlcs variables that varied at
n classical system depends only upon’the errors in the
ed for the measurements of these variables.

d dynamics variables at same time cannot be

: v
o) pAS v“/‘/"),‘< “\”)\2 ‘}x\f/‘;@'
M})\ ¢ \ep) s N Y 2 3
" Iton's equation for Li atoms by graphical plotting. (A

ns 69& 70. 5)
jilton's function is equal the total energy for the =~

,,L,Jb
ST (r\//)\'//)\"’\mw’),



Fifth Lecture Quantum Chemistry Ch323 T

el

This er the observed relationship betseen the frequencies
/ °1Daﬂnuon emitted and the intensity. The “The successful interpretation of
s b “‘\b*‘d) radiation by Planck provided thc basns for u)mldcnnL energs

b L N ke ) i e gttt e S TE S
4\ as being g qmnuzud which is so fundamental 1o our undcrsmndmg of agomic

,} and molccular Structure and our experimental Mﬂ‘ld\lﬂ&m"“"r
oLy Also, we now have the relationship between the frequency of radiation and

» v 4 e

its energy. - RSt
M E = o S92 20 Do G510
?>  These ideas will be seen many. llm.;ﬁ as one eludncq qu'mmm mechanics
M and\iﬁwhca’uon to physmal problcms

U\ The Line Spectrum of Atomic Hydrogcn \s ‘qu
- When gaseous hydrogen is enclosed in a glass lube in such a way thats s

potenual difference can be placed across the tube, the gas emits a = J
liant reddish-purple light. If this light is viewed through a_speciroscope.«. )',A,L
‘major lines in the vnsnblehl_m’eyecn um of hydrogen are seen. There HL T
er lines that occur in other regions ¢ of the clectromagnetic spectrum  <=u
e not visible to the eye. In this visible part of the hydrogen emission  \>

n. the lines have the wavelengths s =
(red). Hy = 4961.3 A® 3 nmi(green) o

40 5A° =\434 05 hm (blue), Hs= 4101.7 A° 3_1_0.\_7_nm (violets. e,
= ws N L\, :é,.u

in Figure . electromagnetic radiation is alge_:r_nati_ug‘glg_cx_r’.c and =

etic fields that are perpendicular and in phase. I Planck showed that the 3
of the chctronngtctnc radiation is pr opomon'\l 10 thc hcqu"nC\ V. /2 ”

Sy 26 DFSITY )///J/JW
Z)‘j).\,‘yt”...ny.L:_.‘,..,,,..}..O‘,,I.M,L... G A
(x/\ 4

>\ avelgng,lh. A .md the frequency, v. FlcquunC) 15 expresse d in
sles per unit time, but a “cycle” is simply a count. which carries
_‘refo:c, the dimensions of frequency are ‘cyclcs"/t'\mc or

é; &‘D——)‘ é.));\j \'} -L- ‘\;Pﬁ%f‘}\”—‘
-~ L’ - - ,

4 <
v
a4 TNS ~ v “ 1 l‘)\<

e
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Figure 2: Electromagnetic radiation.

The Wavelength is a dj

stance so its dimension is distance (or length). The
product of Wavelength

and frequency is
Av = distan 1 distance .
Ce X — = 70 SN e
time time velocity Vo 8

In the case of electromagnetic radiation. the velocity of light is ¢, which is
3.00 x 10" cin/s. Therefore, Av = ¢ and

: SV BRI AR N ()

E=fmi .. adon2h 830 2\ ST et LS KNS

. . =

23 In 1885, Balmer discovered an empirical formula that would predict the -
< ' preceding wavelengths. Ne'jllﬁ?EaImer nor anyone else knew why this Oy’

—

\} formula worked, but it did predict the wav

elengths of the lines accurately. 4
Y, Bal laris: g N
)y Baimer’s formulais: \ — g w( N ==
" . D TR /L' = SMOERT
/ Aem) =3645.6 x 1078 (- ) e S sy s 10
o ,),ggn,ﬁ n*-2 AR P
(0 o A vg

nstant 3645.6 x 107 has unit
number larger than 2. sing this formula, Balmer was able 1o edict

eXi '_tl of a/fifth Iincl! This line was discovered to exist at the %
etween the visible and the ﬁltm—\(fgiéin'eéiogoﬂllé spe

ctrum,
Wav_c_nglgglL_ of this line agreed almostperfectly with ,J
ction. Balmer’s empirical formula _also_predicted the
other lines in the infrared (IR) and ultraviolet (UV
of hydrogen. These are as follows:
ies: n’/ (n*- 1%). where n=2,3,..(1906-1914, UV) | 2a\
es: n*/ (0"~ 37), where n =4, 5....(1908. TRy~ L
Brackett series: n¥/ (n*= 4%). where n =35, 6....(1922.§ig) > ¥ L" <
Pfund series: n¥ (n*~ 5%). where n =6, 7,...(1924,1&). e P fL
. > fav — b asav

~

) regions of

-~

"
b

\
| ITSC W

Balmer’s formula can be written in terms of I/wavelength and is usu

~seen in this form. The equation becomes . )
~seen in this form. The eq 4 ‘ R, S A

ally

) » "X 1;‘

N
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2 =0 (ﬂ' n")' ';"‘-".".'.'.. '.'.’. ’IM‘ ““ ................................. 1

Where g
The ctl l:“': ' lc:;n“'mt known as the R Rydberg constant, 10967776 em!
J ity
Tioe LI"; | - 1s called the wave number and ; is expressed in units of
pirical formulas can be combined into a general form:

- X L 5
i R(ﬁ\ ;) ......... T AR g 0

2dsd 0\ Y\ ¢\J\_,f ‘/A:-_- 1»\ :,’f‘—’ PRESPA
When ny=1 and =23 4. The i '
e Lyman ser ies is predicied. For = 2.3, 4.

the Balme
i (;.ll series is predicted. and so on{Other uupuru.\l ormulas that
ate 1 Wi LA,
————E RS spectra of other atoms—were found. but the same
const:
| stant K occurred in these formulas. At the time, no one was able w0
relate these formulas to classical electromagnetic lhu)r\

The Bohr Model for the Hydrosen Atom

L surprising that the spectrum of the hydrogen atom was the firtstto . .
ained since it is the simplest atom. E. Rutherford had shown in 1911°7 <

model fel of lhe atom is one in which a small but massive positive s
' located mThe_g_emex ot the-atom and the negative ¢ region surrounds
ing this model to the hydr q_J:en atom, the single proton is Im.md v
iucleus while a smge elecuon surrounds or moves around it. @\

frpordle—lhese'! ideas into the first dynamic 1 model of the hydrogen \ >

t"/n

19 osms, the eleclron 10 be m\umd by llu laws of

al or Newloman physics. There were proble.ms howe ever. that could  * "~
— o ettt e i e (‘ e 25)
nswered by the laws of classical mechanics. For n\.\mpl S had <70

W lhat an accclcl ated elgclnc «.hau..e l.uh.u'm slu. mmanmm oo
E . M
antenna for llu ums\mn oi radio huuum\ wav u\ 1 0 7

O e,

P S
he fact that an atom isa snbl\lcnm\,. 'Jl was observed lh.ll the

4

: antes‘the elecuoﬂguc force of .uu.uuon h-.x\ucn the f"

eyt

ectron. Slp‘.c the LlCLUOh is moving in some Kind ot

- T
it must constantl y_undergo acceleration and should radiate
ench\ b\ lhe laws of L|JS.\IL.\I ph\ slu’( Because the

_‘ rccogm/ed from Rmhcl Imd s work that mk nue \gux ol anatom
mided by the electrons .md that the cluuon\ mn\l be moving. In
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9lhcl no system of electric ch:

electron in the hydrogen
~
If the electron(Cireles

S-Can-be-in-equili lxuuxu._;;&w\” While the

atom muxl be mov m&, there is a major nohlun
s the nue

48,1t is undergoing a constant change in
dnccl‘(m as shown in I 1gure 3, -

J)“"\"'J t\n‘(fls

/\/\ q}\p[()f‘"
))jdd\w '/\.\:’/
o;/‘
&3—-”
R o’J;& ‘,AI//\,;)(_
CQ}’ CV"\' h’o\(_/

ocnv has both a magnitude and a direction. Changing direction

w
1tutes a changc in vclocuy and the changc in vclouw \\llh time is

ust a fev\ Imes’LBohl had 10 assume that there were ¢ c_cl[gnixygyj)i(§(lltg}_‘ ’_.
wed A\ﬁa? the_electron could move without radiating

: These orbits were characterized by the .
,,_.u.L\ AV A At UL

\_:“”»"l ') ZT.

Py )
F’ , o~ » 3\ . 2 ﬁ”
/ .o (\Q_,{ (Al @A}-‘_— P Y :
J’lf’ o rAS = 13 7
P S O AP OSSR SR AT R ton e NBS { 2
e mass of the electron, v is its velocity, ris the radius ol the
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Figure 4: The forces on l‘l;-&lcctmn in civeular motion in a hydrogen
atom. N 4

R \ ey A
Y <\ \p, \low CJ}/CJ\ eaS. S0 pal AN .;-L\uL o MoK @ gl
N - : A - '

y
Figure 4 shows the forces acting on the arbiting electron, The magnitudes

of these forces must be equal for an electron 1o be ¢ in o stable orbit, so i

e is the electron charge, -

my? e* - ~ ¢

- - Ky I
= F’" ..jﬂ..............JX)........_,JC—J(... ........ “veey

............... 14

erefore, solving this equation for v gives:

2 -
B b PPt .

mr "‘,‘l‘| Jy ""‘\}Y, Py A ._' &'/:’:‘.\/ Kl"- {’\
m the Bohr assumption that :

)
S L' ........ SRR E 16
2rmr

.............

The first four orbits in the hydiogen atom drawn to seale.
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The units on r can be found from the units on the conslmm since ¢ is

measured in electrostaric ity (esu) and an esu is in g'diom g 7

Iheretore,

[(g.cm7 /s%)s]* i /JUW\( e\« (r\uﬁ) )Lf"

R R e, & 1 L I8
1 o A ST RTEU R GR8 0 Fuw00-yrw o mine i bt aecs R S0 s T A R S A o S B A

y(g:rm-’/s)
Slc l_m:\l energy is the sum of the electrostatic energy (potential) and the ~ /u),
inetic energ)' ol the moving electron (total energy = kinetic + potential ):

V’{) L,_’"""’ "\ .....................
oD From equating the magnitudes of the ce entripetal and centrifugal forces,

- / \ ¢ o -
o "‘::,""0:; that! \Glahic (@lownl =334 8 C A1t
"f)\ e R [..i..\.:&.s_.s.«.zﬁ ................. — . B
‘ Or: — f‘J& 153 (é\owwb J\gv\‘ i '1/' \ =yl
(% Ca . g.),}‘\." s Nz "‘ w -":
. 42 ol C 7 % N
\s \ L R RN ... SRR 21
Multiplying both sides of this equation by 1/2 gives \esu = g v
I i A SNV A s e 22
2 ar

The lefi-hand side of Eq. 22 is simply the Kinetic energy of the electron,
and substituting this into Eq. 19 yields:

2 2 2
ST T o £ G R R 23
-3~ g 2r
We fo rlier in Eq.17 that
N R AN A O RS S AN N B SRRV BT IRD 17
oA
And e substitute this result for r in Eq. 23 we obtain ‘ Ao
|2 S dwns Axe

"’z ............ 24
= lh T e beessenaarerarsresenrarerrraterreny Sfrarsesiasiiaae.. =

T NE = ESTS CE g S
From this equation, we see that the energy of the electron on in the silowed
orbits varies inversely as n°. Note also that the em‘?’mneeatnxg and ¥
bccm less negative asn xmrcﬂmt n=w (complele plete separation of the
proton and glectron). . F = 0 and there i is gg_gl_lggl_lt_yz_gmg.\_o_u;c electron
to the nucleus. The units its for E in the px evious equation depend on the units
m constants. TTTRE is in ¢ Lth seconds, the mass of the electron is |,

e charge on the the electron. e, ,'_i.‘_.“-"-iu‘ we have )

4

S

\b‘ \ V~\\<
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(9"'""/5) _ gem? 25
l(.q em?/s)s) T g2

We can then use conversion factors to obtain the energy in any other
desired units. If' we write the expression for energy in the form

gpees . S %
’ MIRE "I s S 7
Y - vrvn AV L )-'l f \;,\ 1,‘ \}Lz
( We can evaluate the collection of constants when n =1 to give =2.17
<107 erg and assign various values for n to evaluate the energies of the ey
' allowed orbits: 2

2 n= | E ==21.7x% 10" erg. n =2, E=-3.43 x 10 ¥ erg. n=3. E=-2.41 o

10 %erg, n =4, E=—1.36 x 10 erg,n=5.E =—0.87 x 10 erg. Vo
E=-0.63 x10"" era. n ==, E= 0. w7
shows an energy level diagram in which the energies are shown o

3 ;/
ally 1o scale for these values of n. T
n=oe e
n-g

a—— .. e nm ‘ >

g — = ‘nnl \/

s ] ! I“” Peschen Seres n=3 s o -
= ! ! 1331 ne2 \ ’
g 1l Bamer Sees 37 =
Fed L e %

. e Jl, "
Yo ' | | = w - \ P
< =1 ,.
s [ | 2 k\ﬁ

AP - | . o ..C)\

<1 | %

P — EEA] -wf\ o \

Lyman Series N
Figure 6 Encng\ level diagram for the hy drogen atom. e
Qe o 50 sV —or Fas n o2 L
the energy levels get LlOSCL‘_OgQULmWIh; n value

,ausm" sing the electron to be moved to_a higher energy ley el
nergy because the ositive and negative  charges are held m\mer =
STectrostatic force. (onnLeu remov Jl of the electron requires

nt of energy l\no“n as the uml..mmn ,wm.lml (or i onh.mon

nd QTr_e§pon Ston moxme the cleuron to the mbmﬂ where n=x,

T e~

S =
tron in the lowest energy state is hdd W ith .m v.mrox OT=21.7x10

dat n =xthe energy is 0. Therefore. the i ionization pmumdl for the ¥
1S 21,7 _J_Q...'uu I we consider the energy difference hot ween
and the n = 3 orbits. we see that the difference is 3,02 ~10 erg.
‘:lmg the \\avclcn;lh of light having this enerav. we find: )
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he LS . ‘) | WJ) ,Ud

E= Iw T B 10
Or: (ch o)\ (\/——”"’*’p ‘ful)\ a3 \b a b /J‘v‘ S
.\,'.’"/;r" s e = ’)\ 0D a2
S 3 — e _ 6.63x107"7erg.sx3x10' ems1 -5 c:‘)’ » A\
oA E 3.02x10712¢rg = 6'59 X 10 cm. _ } b 5

A W!\ich matches the wavelength of one of the lines in the Balmer series!
. Usimg ll\e_gflergy difference between the n= 2 and the n m
7 a \mgﬂ\ of 4.89 % 10 ¢m, Which matches the wavelength of another
+ line in Balmer’s series. Finally, the energy difference between then =2 _°

}) and the n =oo orbits leads to a wavelength of 3.66 x 10 cm, and this is the \J)
)

wavelength of the series limit of the Balmer series. It should be readily i,

apparent that Balmer' s series corresponds to i ggn emitted as the electron
falls from states Wllh n= 3, 4 4.5, ..., to the orbit with n = 2. Wecould

e energles f l mnes emmed as the electron falls from orbns with *t

S in another observed spectral series, the Lyman series. ies. In that case, S
engths of lhe spectral lmes are 0 short ‘that the lines are no longer ¢
e regxon of the spectrum . but rather they are in the ultr aviolet

JT—

'i er Series of lmes cor respond to the.lnansmms from hw.hcri’ﬂ

'mfal infrared) as the lower values. The fact that the
limit for the Lyman ser ies represents the quantity of energy that
i qu1red to u,mow the electron suggests that this is one w a\ 10
|on|7atlon polcntlal for h\'dr.ogen*Note that energy is released

O

’, sign) when the. elecn_omialls_fr_om the Olbll..ll wnh n = to the

-

<

/
S
oV

7. 3 ~ R — ,,_..¢

ad they are always psxtgyc. R ,_-‘)7 - p N
'~ f\, 5 \,_‘r, 32 b3 P &N {/\.‘T

(’/ | \ - A Y WA =

il W\ - e ) :

Hertz observed that the gap between metal clcurodes

better conductor when ultraviolet light \\'as\mﬁ_@ he
Soon after, W. llallwachs observed that a negatively charged
se |ost its nc-_’du\'; charge when ultraviolet Tight was shined on
ative charges that were lost were identified to be electrons from

or in a mhamlw field. The phenomenon of an electrig current
- = . - XA 0 ‘.V

(]



