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MATHEMATICAL FOUNDATIONS AND INTERACTIVE EQUATIOI
AND THEIR APPLICATIONS IN QUANTUM CHEMISTR
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K Energy:
It is 'rhe qblll'ry to get a job done

There are types or states of energy, including:

1 1-kinetic energy ?—J f eoleh K-E
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2-Potential energy \-ab)\ ) ..:96“ collel\ -
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1 -kinetic energy ~ . s
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Kinetic energy, form of energy that an object or a particle has by reason of its motion

O

And from the laws of traditional (classical) mechanics, the kinetic energy of a
body of mass @ (Kg) And it moves fas@m/ S) be %2 mv2
oS

20

E= 4L
Kinetic Energy B Z/m s

— 1 MV?
K.E. =5 MV ne

M: Mass (KQg) -
V: Velocity (m/s) |

%



its mass. “ad Conv ol
O The kind of motion may be ‘translation (or motion along a path from one place to anothery, rotation about g

an axis, vibration, or any combination of motions.
¢:~/ { :,.‘.'P t .hﬁ-LP
Translational kinetic energy of a body is equal to one-half the product of its mass, m, and the square of its
O velocity, v, or 1/2mv2.
— Sy A paez gl g LgSling il @ la)l JBuil e JSuis (ad 1@sS )=l d5Uall
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E kinetic energy, form of energy that an object or a particle has by reason of its motion. /
Kinetic energy is a property of a moving object or particle and depends not only on its _mmio_n but also on

F_ = %?H‘HE G >_O

Ou-‘k_n.h.l\

£, = Kinefic energy of obhject W D
e = mmass of object
v = spreed of object
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The usual Sl unit of kinetic energy, is the unit of mass (kg) multiplied by the unit of velocity

(m/sec) squared. - 4 >
1 . :Ig h ]Ig_m? __-j— U_/\}dj‘ -/-P !
LR r

kg"[a

O Notice that this is the same as the unit of work, the Joule. All forms of energy can be

measured in Joules.
P

Examples - s 1
oles oS
1 1. What is the KE of a White-tailed Jackrabbit of mass 3.4 kg when running at a speed of 15 m/sec?

= £ (s. 49) .2.‘:15.1".?
s 3FR.S ;‘g_ﬂ:
3530 T (recded)




K% ﬁiﬂism XE o5 mi<
A

vel-Qci'tg = 3.87m/s = —L( 55)(3-& 4) K
1 = 4yu.863

KE=Q5xm¢
=0.5x.55kg x[3.8[7m/s]?

KE=05 x m v*
= 0.5 x 55kg x 14.97m?/s*

_ 4116757
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« Example 1: What is the velocity of an object with a mass of 30 kg and a kinefic |
energy of 300 J? ganpe | ganpe |
/ . KE=05xm/? = 500_| m= 1OOJ
¢ 500J=05x30xV |
.  Multiply mass by 0.5:00x30=15 05 X 3Ok9 05 X (5 m/S)2
« Divide kinetic energy by the product: 500/15 = 33.33 . : '
« Square root fo find velocity: 5.77 m/s - 5—OOJ— Z 1mJ
~ « Example 2 What is the mass.of an object with a kinetic energy of 100 J and a 1 5 kg O 5 X ?5 m2 /32
velmr:ityt of 5 m/s? e | ) pap
« KE=05xm/? V2 = 3333 m /82 = 1mJ
+ 100J=05xmx 5 l i e
« Square the velocity: 52 = 25 Y= 3333 n12 S 125 /S
« Multiply by 0.5: 05x25=125 e m = 8kg
« Divide kinetic energy by product: 100/12.5 =6 kg b= 577m/ S |







*Radiant Energy (Radiant Energy) dicleid)l dslall
*Thermal Energy

*Sound Energy
Electrical Energy
O *Mechanical Energy

(Thermal Energy) d =l dsUall
(Sound Energy) diig.all dslall
(Electrical Energy) dul ygSJl dsUall
(Mechanical Energy) dsSuilluaall dslall

4Sy=ll aslbll glgil /
\7 Types of Kinetic Energy 5y | gl
There are five types of kinetic energy that are, 48,2l Ul oo gy glgil dues Sl

v b W N -

* Radiant Energy
Radiant energy is a form of kinetic energy, which is the physical energy of matter resulting from
electromagnetic radiation. It is radiated from matter into the surrounding environment.

For example, Ultraviolet light, Gamma rays, and X-rays all have electromagnetic radiant energy.

* Thermal Energy

Thermal energy can be also known as heat energy. It is generated by the kinetic energy of the motion

of atoms when they collide with each other. dxelnisyl @l 1

b lisie gyg8)l glaia)ll oo dnilill alal) dl el @lbll oy @Syl @lall JSual po JSii oo @
dbyzall digdl ] Bolall o atS
(X-rays) dpipal] dmp ¥l Lole dnidl pmnsid] §g5 counll :lio] o

For Example, Hot Springs, Heated Swimming pools have thermal energy.

)=l Blall .2
8yl=dl dslloy bagl oy=f o
wazdl lpazy go lgeslad s alyill 8y @82l @lall o i ©
izl ol (olgsly disludl guliyl dlisl o




N a vacuum or space.

For Example, Tuning Forks, Beating Drums have sound energy.
\l * Electrical Energy

Electrical energy can be obtained from the free electrons that are of positive and negative charge.

Sound Energy
energy is the energy, produced by the vibration of an object. It travels through the medium but cannot travel

For Example, Batteries have electrical energy.

* Mechanical Energy

The sum of kinetic energy and potential energy is called mechanical energy. It can neither be created
nor destroyed but it can be converted from one form to other.

(Sound Energy) dauig:all aslall .3
Lo puuz jliinl oo dxilidl @slall o o
claall ol ghall o JEuYl galaia Y gis] «(clall ol clgg)lS) salo bouwg jc Jaii o

: - : : Josboll g5 @l @Sl 1dlinl o
For Example, Satellites orbiting around the Earth, Moving Cars all have mechanical energy. Josoll €8 LLI Bl

(Electrical Energy) aailigSJl asliall .4
Adladlg dagedl Slisad] S5 8=l SligusIYl o dediad @
il ygS @l lliai Ol lbyl :alial o

(Mechanical Energy) 4SuilSuall d5Uli .5
dislS)l dslallg &5,=)l dslnll ggoze (a2 ©
Pl i po lgligad (Sey o809 wndad Vg Gl3TY o
Sy ziall Ol luwllg (o)l Jg> 597 (il dpcliall jlasil :dliol o
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Is often the result of forces The attraction or repulsion of things
Types of potential energy include:

\Q-Po’ren’riql energy /
\] It is the energy resulting from the presence of the body In a specific position, and {

(Potential Energy) dislSJl dslall

- Gravitational potential energy s g P-'-'-'-"’-“ 2978 02 =5l asLbe wh
» Chemical energy bl pu sl gl wizdl a8l dauii eSi bo Wleg @
* Nuclear energy ey dielS)l @l glgil

* Elastic potential energy, also called spring energy (Gravitational Potential Energy) dlall dislS)l sl .1

Al Jlee o6 panzll @850 e dzili
wa Ml abw ge o glas)l ade 8,5 :Jlio

By eovesarwirinn of anengy

PE=mgh [ewbeee < Enegyser :(Chemical Energy) duiliesSJl dsladl .2
_a 1 Slizally ShA G dileasl bylgyll (b &2
@OrE=2D ) mgh = —my’ Sl jadly S G dibien 5 uw EHES
1'-e-h|:-q-|r|:r||;| H“"xx 2,"? Tra: i agdoll elisll :Jlio
o g | P o s (Nuclear Energy) & 551l @lall .3
h velocty dooan! depand (zloil ol jUnuiuil) 5,01 Blgi J3ls Mlelas oo dxili
e vty st ot = /2 ‘ gl aslb)l olbzo :Jlio
£ g =L :gaulill aslls gl (Elastic Potential Energy) dijyall dislSJl asliall .4
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/ Gravitational potential energy is the energy
stored in an chject due to its position
O above the Earth's surface.
P E = k= mgh
m = mass (kg) m/js<

h = height {m}

g = gravitational field strength {N/kg)
l E, = gravitational potential energy (J)




K\o s
1\] Example g o | g -'

y A book of mass] kgis kept on a library shelf at height. If the change in potential n
O energy isl7. 64.J. Then calculate the height of the bookshelf. We already know
that th ange in energy is equal to the potential energy of the object at that
height . - r
E@r¥dy =T
A E,.=mgh b
- o
l PE 17.64J =1kg x 9.8N /kg x h PE': E:A v
T 17.64.
~ 9.8N/ kg

The book is at a height ofl. 8m.




G, ae ¢ A = da
ag L=l

Example ,
Calculate the work done to raise an object of mass5. 5 Kgto a height of2. Omas. | " |

the earth’'s gravitational field.

We know that the work done to raise an object to a certain height is the

gravitational potential energy of the object at that height so

Mass=5. B0 kg m:5'-5 OL.-: 2m bOOf’C
Height=2. Om Lsov il = A - = /9’73 }a.:. 5'.5';(9,9){&
g = 9.8N/ kg — /}D

Substitute these values in the equation for potential energy and we get

Foe =mgh
Foe=5.50kg < 9.8NN/kg > 2. 0m
Foe=110J

Therefore the work done to raise an object of massb. 5 kgto a height of 2mis
e —— —_—— ——
110J.




Difference Between Kinetic Energy and Potential Energy
\] The difference between Kinetic Energy and Potential Energy is discussed below, (

O Kinetic Energy Potential Energy

Kinetic energy is the energy of Potential energy is the energy of the object

any moving object. due to its position in space.
l Formula for kinetic energy is, Formula for potential energy is,
K.E. = 1/2mv? P.E. = mgh

Example: Energy of a moving Example: Energy of a book placed on top

car. of the table.
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» What is potential energy?

Potential energy Ep, is a form of energy that depends on the relative position of an object within a system.

» What is an example of potential? :
TdiolSJl slbll & Lo @

Examples of potential energy are el I3l pain) (il gabsall (e daind (Wil BlbJl JEbl o JSi o PE dinlS)l &Ll

Raised object

Stretched rubber band TdislSJl @l e dlisl oo Lo

Water stored in a dam )l adoaws e Eodre amis @
The energy released during nuclear fusion and fission of atoms Sgkite (pblbo by i 2

gl (b dij2eall oliall
» What is the formula for calculating potential energy? il saeill HUngull ol zloaiVl elisl dallninll d@slall o

The potential energy can be calculated by EP = mgh



(Gravitational Potential Energy) awdlall daislSJl aslall .

1

\l\] » What are the 4 types of potential energy? RS RSN SR SR Rl <
(Electric Potential Energy) duilsygSJl dislSJl aslall .3

4

(Nuclear Potential Energy) 44 g5il dielSJl dslall .

\7 SaiolSl BUal sVl gleilll o Lo @
(o diolSUl dslal) dsy)Vl glgill

The 4 types of potential energy are

Gravitational Potential Energy ) B
Elastic Potential Energy T4yl dsliallg diolsdl &Slall G gyl Lo @

Electric Potential Energy ol U3l puuz) il gogll e dxili dije dslb b dielSUl &lall e
Nuclear Potential Energy pann] 8y dogire Al o &Sy=l &slall o

» What is the difference between potential and kinetic energy?

Potential energy is a stored form of energy due to the relative position of an object within a system
whereas, kinetic energy is due to the motion of the object
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er units /
(

1 In the International System of Units Sl joules (J)
Where: Joule = Kg.m2.5?2

/1\
1J= kg.m?.s 2 |
\ \ ZJ:(kg.m.S‘Q). -

® 1J=N.m

o =

A -
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v An electron volt :is the energy obtained by an electron ({

1 when it passes under the influence of a voltage of one volt

2
LN
: 1eV=1.602x 107" coulomb x 1V

=1.602x1019CV=1.602x107°]

T —— . \’)_f- »

i




N
\

O

[ Another commonly used unit is calorie (cal). ({
O CF 0 AN K, &
Calorie: S PR aprs> 0N w25

It is defined as the amount of energy needed

to increase the temperature of one gram of
water by one degree Celsius P




1\> Units of Energy ev "iﬁeg (

\
1. ERG — a unit of energy (the smallest unit of energy)
2. ELECTRON VOLT (eV) 1eV=1.60x 102 ergs

O

(the eV is smaller than the erg, but it is a relative unit whose value must be determined experimentally.)

3. CALORIE — the most commonly used unit of energy.
1 Cal =4.18 x 107 ergs

4. JOULE - 1 Joule = 1.00 x 107 ergs

4.18 Joules = 1 Calorie




Waves and Particles

In classical physics. the concepts of waves and particles are mutually exclusive.

o\ - - : ﬁ : / Pass through each other
P * Spread in space and time. - g
l o
Jo

* Can be superposed — show interference effects.
Jo' A / \'
-~
o 0 O Particles o )

Av |
\_{2 * Localized in space and {uge. oe
Fa ’
, hl
* Cannot pass through each other - they bounce or shatter.

In classical physics. nothing can be both a particle and a wave at the same tiune,

Wf@b‘ N\st—— e NSUN J,L_j;:--)\
/ ’ - - -

&



O Properties of waves
Tigw five important properties of waves are Amplitude, Frequency, Wavelength, period, and Speed. Listed below
is g gletailed view of all the properties.

Amplitude Amplitude is among the first properties of waves and is denoted by the
6

symbol : (
s S.1. unit is a meter, i
v o

Frequency
/] The second property of waves is the frequency denoted by the symbol@ The Greek symbol is Iambda@
called nu.
O *Its S.1. unit is Hertz @ named in honour of a German Physicist — Heinrich Rudolf Hertz.

*It measures the total number of waves passing through a definite point in a given period. u:n ,-J
*Frequency is inversely proportional to the period and is given by the formula f=1/T. -
*The relation bejfveen wavelength, speed, anmquency can be determined by ). ﬁ - y
GIn the case of fln electromagnetic wave that propagates via vacuum, thegais replaced by c (speed o Iiﬁ,
and the formulp changes to f=c/ A.
Slsgall yailas >
s w ool (Wavelength) (w2gall Jgbll (Frequency) 25,3l ((Amplitude) dsuwll i o0 Glogall dogall juazll jailazll
P fdsls S Wuoai yoie ol Loas (Speed) de puillg ((Period) ;91
(Amplitude) dsull .1
A 303l lg) o319 «lgall pailias (ol oo dawll
(M) yiadl & (S1) Slasgl) (gl plaill (b lgissg o
(Frequency) 33l .2
F 30l d joyg 22l o Dlegall yailos o Gl duolll o
(Nu 94i) v 98 pasiuuall oy eVl jodl @
e algng) Uil (LUl (Wil jaal) By S5 Cundu (H2) jirgdl o (S1) Olasel) (Mgl plaidl (s ainsg o
B23ze Ao byis JU> dume dbai pe i il WIS Slogall s uuay 5540l @
= YT @Ml dosdg wsygll poill go GuSe il ooyill  »
£ = v/ dspally sl 53,ilg depully (ogall Jebadl ou dslall e
f = ¢/Nidspall pusly (egeall degw) €4 v Joaiad gLl (b Sl WUl dpugbliseg)qSl Olrgall Al (3 @




.Wavelength /

(< The wavelength is the third property of waves. It is the total displacement or distance between two
corresponding troughs or crests.

*[t is denoted by the Greek symbol lambda@
elts S.I. unit is a meter@

4.Time period

» The time period is the fourth property of waves and is defined as the time a particle of a medium takes to make
a whole vibrational cycle.

eIts S.I unit is seconds

*The frequency and time period are irwe_r_s_gly related, T=1/f; if frequency increases, the time period decreases,

¢ T represents the time period, and f denotes frequency.

. ;‘ / (Wavelength) (s2>g0ll Jobll .
5.Speed/\Velocity idngall gulliis pucls of cuinllite ouiss o Sl dslusll gag Cil>gall @il duolall ¢ (zgall Jobll
« Speed id, the fifth property of a wave, is defined as the total distance covered by a point on the wave (o) A piy 20l 30l ) joyi
in a specific period of time. (M) jiall s (SI) Slamgll (el pliaill (pb did>g
*The S.I. unit of speed is metres per second (m/s). (Time Period) ¢5)gJl g3l
*It depends on the medium through which the wave is Eroeagating. a551 8)55 JLaSY gl o apuz 485ty 3l po3ll aily S3sig Dlzgall Al dpolall g (5930l oyl
*The formula for Mng the speed of a wave is speed = Wavelengthgfrequency. dlels
L

S— (s) (pilgdl (oo (S1) Dlazgl (gl plaill (o diazg

T = 1/f :duuse )l oillg 230l o dsMell

u - ;.\ ’y 20,01 Jiey f g )l ol Jiog T Cus i5y9dl ol 5 20yl 51 15]
(Speed / Velocity) duzgell dcpull/de pull .

dyinj Byis JUs dzgall (o dnai lgnhay (il &SI dsluwall lgil iy Ologall duslall dpolll (o depall
RESCY

(m/s) duili JSJ jie & (SI) Slasgll (Jgall plaill (s lgis=g

dzgell AU il sl buvgd! (e ez

b Azgadl A wlun) dusl I dspall

2yl x (pzgall Joladl = dapuill




Properties of Waves

A wave can be thought of as a vibrating disturbance by which energy is transmitted.

Wave characteristics

Wavelength 2 (lambda) 1s the distance o BEGCRES
between identical points on successive
waves.

o
Frequency v (nu) is the number of waves  [Amplitude |[1}r :;Ejl':;:“'“
that pass through a particular pomnt 1 one
second.

Amplitude 15 the vertical distance from the
midline of a wave to the peak or trough.
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The speed of a wave depends on the L Wavelengh
ype of wavedand the nature of the /\ /\
Cmediuny)through which the wave i1s [ /

traveling (for example, air. water. or a \/ \/mmumlc \/
vacuum).

Wavelength

Amplitude

e
The speed (1) of a wave 1s the product /\ /\ /\ /\ /\ [\ /T\ /\ /\
of its wavelength and 1its frequency: V V V \/ \/ v \/ \/ \

H=sv

Two waves having different wavelengths and
Wavelength is usually expressed in  frequencies. The wavelength of the top wave is
units of meters. cenfimeters. or three tunes that of the lower wave. but 1ifs
nanometers, and frequency is frequency is only one-third that of the lower
measured in hertz (Hz). where wave. Both waves have the same speed and
amplitude.

1 Hz =1 cvcle/s




v A* w g

1  Wave number Is the reciprocal of the wavelength and is denoted by the symbol —~w,_»

ESe———

Its units are the reciprocal of units of length and is defined as the number of waves in 1 meter

* Energy: It is calculated from the relationship

Vhere h . plgnck's constant is equal to

e = s

%

%



\ The relationship between the previous properties ({
1 2: 550X10qm

D
C = 3x10° ™/S
E=hv= he = hcVv
A
-3 8 _
: &) E=lvc o6 626x10 x3X\O -3
b 7\ 556 A 10
Application: 3 o
b) V== - 83X\l0
) a 550
A sodium lamp emits a yellow ||g t of wavel

anad V-
@

%



%  Convert wavelength to metre

A=550nm=550x10"m=55x10"m

O
Inm=10" m

|1 - the wave number (equal to the reciprocal of the
1 wavelength)

gol_ 1 —1.82x10°m™*
Ao 55%x10'm




2-Frequency:

/1\] c

v—k—cv 3x10%ms T x1.82x10%m ™ =5.45x10"s 7!

l 3- energy:

E=hv=6.626x10"*Jsx545x10"s ™ =3.61x10""J




What is the frequency?
Frequency is defined as the number of oscillations of a wave per unit of time and is measured in hert

O
What is a wavelength?
Wavelength is defined as the distance between two nearest points in phase with each other.
What is the relationship between frequency and wavelength? )V @vEe celaton
W The wave speed is equal to the product of its frequency and wavelength. f \ g
V=Ff)\ (JL..- : \ i

Long
wawve lemngtih

— Lo
AE freguency

Short
e wavelength

High
AE frequency
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/ A radio station broadcasts at a frequency of 99, 500, 000H z. If the broadcast is an electromagnetic wave, then what is its wavelength?
O c=3x10°2 - < _ ‘05
8 . f’ - ___3 X - :_ 3 . o 2 m
qq45606000
Explanation:
C
j The relationship between wavelength and frequency is given by the equation A = ?, where A is the wavelength, ¢ is the speed of light,

and f is frequency,.

We are given the values for frequency and the speed of light, allowing us to solve for the wavelength.

A=

| ™

. 3x1082
™ 99,500,000H2

A =3.02m r”’




u m
A wave oscillates with a speed of 89— and has a wazength of 6.7m. What is the frequency of the wave?

;p.- U -89 _ (.3 Knz

= m———— ==
6.7
Explanation:
| he equation tor velocity in terms ot wavelength and frequency is U = hf.

We are given the velocity and the wavelength. Using these values, we can solve for the frequency.

v=Af

8.9 _67mxf
g

9™
6.7m /
1.33Hz—= f
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O

Example —r"

A sound wawve has a time period of 0.0001 seconds. What is its frequency?
— ——

Answer

o Q_ I W
* - \ O 000\
1

f = Sooo1is

f = 10,000 Hz = \0000

The frequency of the sound wave is 10,000 H=z.
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\; What Is Light? c/

\ The e was a long debate about the nature of light This debate over ’rhm or g

ature of light came to a resolution in 1803 when the experiment confirmed

that light propagates in waves Selln >

290 ol dpopuiz Gnpb g3 gd Jb gl dapb s> Jigh Jiz dlia oS
loge JSib e ity eguall ol i)l Cuinil Losic 1803 ple (b Jazdl 1in puu3 354

egall 4zgall dsybll -1

b listo S glaisl

1- Thﬁ Wave Nature of nght s el
\-u’] c"\)\ é\n-—g\ Dloge dnuwlys Jand dpugbliseg;es)] dslall ol (il duuyblisegesll & kil Bogy o
\/ Electromagnetic Radiation 1oLl ol 6 5Ll lagall 03y Jiisy o

Electromagnetic radiation is one of the forms of energy, and based on the
traditional electromagnetic theory, electromagnetic energy is carried by waves
and transfers energy in the direction of wave propagation
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® Electromagnetic waves travel through a vacuum at a bt O =
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constant speed called the speed of light, ¢ which has - "

the defined value of exactly  2.99792458 x10% m s.
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1\] The Electrumagnetm Spectrum
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400 nm 500 nm 700 nm
Note the small fraction that is visible to the human eye. The electromagnetic radiation that is visible to
the human eye has a wavelength i the range 380 nm (violet light) to 7 ‘5{1 nm (red light).
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\( Visible Light </
Remembering the Order
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1\\5 Which of the following wawve has minimum energy?

@ Radio wawves

2. UV rays

O

3. Infra-red
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What is the relationship between frequency and wavelength?

Freguency and wavelength arelated. If the wavelength is longer, the frequency is

less. A shgpter wavelength has a greater frequency.
What is the relationship between frequency and EHEE\;?

They ar€ proportionally Drlated. As one becomes greater, so does the other. Energy of a wave
Is measure IS frequency. hv
What is the relationship between wavelength and EHEFH? E =

They arelat&d. Because energy is measured using frequency, and wavelength is
inversely related to frequency; this means that wavelength and energy are al
related. As wavelength gets longer, there is less energy.
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Label the parts of a wave using the terms: crest, trough, frequency, wovelength, amplitude -
i wavelength 4
o—1— F
l 2. _trough

amplitude

crest

frequency
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Classical Physics

In the first half of the 19 century, many discoveries ware made such as:

-

Three laws of motion (mechanics) by Newton.

Three laws of thermodynamics by Rumfold, Joule, Gibbs and Carnot.

N

Kinetic theory of gases and statistical mechanics by Maxwell, Gibbs and

Boltzmann.

Wave theory of light by Huygen. &S é 2/9

Optics by Young and Frensel. Cﬂ)

The body of these accomplishme ,g/ y
/

what we now call classical phys
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* By the turn of the 19" century it was pretty much established
that light was an electromagnetic wave.

* However. three crucial experiments showed that this
description of light was imcomplete.

* This first was Blackbody Radiation (thermal radiation of v v o
hot objects). - / - g

* The second was the Photoelectric Effect. O"JZ) 7& N
* The third one was the Compton Effect. "y cﬁl
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o Important Mathematical Foundations in Quantum Chemistry

In our study of quantum chemistry we will encounter some related terms
Certain meanings, the most important of these terms are:

1 - differential 2 - Integration 3 - Complex numbers
4 - Vector 5. Operqfors 6 - conservative functions
/ - odd and even functions 8 - Reference systems
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\i\o First: the differential </
'
1\> differential rule 790)::’ M= g

O

differential X" d’: dy _ Pla |
d A




Some |mpor’rcm’r differential laws (note that a is a constant)
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\l\o Second:%egraﬁon :jxhd* & )(/
1\) integration rule

u
/ ? p
O The integration of X" ""'J X dk = _757-[-(3
n—+1 _3
X f L g X dk
) n—+1 X3 i

-

U This rule is true for both negative and po:
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Second: integration f"“‘!" HA f“’dy g

\] Some important laws of integration (note that
1 ais o cqns’rqn’r) f«fm X dX=-Cwsx tC
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Q\O ),,}5:{' types of integration i f=uiks 3 /
SO o . | 5 -
1\) a)Unlimited integration: . 3 3#77 ({

O J
The limits of integration are not stated X

2 '
vy b)limited integration: 3 & )

The limits of integration are indicated

~ax Nt
N —
5 @ d( - "\ \
x'e dx=—0m-La)0  jxe™ dx= x — &

® 0 a

%



Application </

1\) T Find the product of the following integrails. f
3 2
[ x2dx = }_f-;l lé'
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Label the parts of a wave using the terms: crest, trough, frequency, wovelength, amplitude -
i wavelength 4
o—1— F
l 2. _trough

amplitude

crest

frequency
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Classical Physics F

O In the first half of the 19 century, many discoveries ware made such as:
Three laws of motion (mechanics) by Newton.

Three laws of thermodynamics by Rumfold, Joule, Gibbs and Carnot.

Kinetic theory of gases and statistical mechanics by Maxwell, Gibbs and

Boltzmann.

O_/

Wave theory of light by Huygen.

Optics by Young and Frensel.

The body of these accomplishments in physics 1s considered the development of

what we now call classical physics.




* By the turn of the 19™ century it was pretty much established
that licht was an electromagnetic wave.

* However, three crucial experiments showed that this
description of light was incomplete.

* This first was Blackbody Radiation (thermal radiation of
hot objects).

* The second was the Photoelectric Effect.

* The third one was the Compton Effect.
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Important Mathematical Foundations in Quantum Chemistry K

1\] In our study of quantum chemistry we will encounter some related terms
Certain meanings, the most important of these terms are:

1 - differential 2 - Integration 3 - Complex numbers

4 - Vector 5 - Operators 6 - conservative fU; io

/ - odd and even functions 8 - Referer
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Q\O First: the differential ‘/
1\] _.

differential rule (

O

differential X"




%Some important diffe

O

rential laws (note that a is a constant)
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Q\O Second: integration
1\] integration rule !

2 The integration of X"
X1:1—|—1
7 n+1

: This rule is true for both negative and pc
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l\o Second: integration
1\) Some important laws of integration (note that ((

a is a constant)
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types of integration

1\] a)Unlimited integration: (

The limits of integration are not stated

\ b)limited integration:
The limits of integration are indicated
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\ Application
1\] Find the product of the following integrals. !




