Lecture 12
Mag 10, 201

Solar cells is thought to be the future.

Need some background of quantum theory
e Atomic levels: Bound and free levels

o Optical transitions between levels

o Metals

o Semiconductors
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Sun/Earth:

Solar energy reaching upper atmosphere in direct line of sight of Sun.

Averaging over seasons reduces this.
Solar Constant = 2 cal/min/ cm? (averagecl over the 24 hr clag)

Effective Solar Constant = 0.5 cal/min/ cm?

'_-Losses In atmosphere due to absorption amount to 55% so we get about 4/% of that

For an 8 hour clag @ noon Insolation is defined as energyinasd hour dag
‘ e e.g. In Place X itis ~ 1520 BTU/H2 or 4.5 kWH/m?
600 W/m* ~ 190
= il =l

Units of Insolation: Energy/ Area= Powerxtime/Area
Often given as kWH, /m?2

= e, = = T P,
P TR == — e— PSS — - - — Lo =

Monday, May 16, 2011



’

PV Solar Radiation
(Flat Plate, Facing South, Latitude Tilt)
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Model estimetas of monthly average daly total radation using inputs
darwved (fom satelte and'or surlace observahons of cloud cover,
sorcaol optical depth, prodapiladlo witer vapor, albodd, aimosphend
pressure and ozone resampled 10 a 40km resclution. See

Hetpsthwenve nrel govigsil_scolar_pv htmi documantation for moce datads
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Insolation in units of KW/m?2
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Total energy suPPIiecl to USA per year !39 the Sun
Energg = Insolation x Dags x Area

lnsolation X number of clags per year X total area

1520 Btu/ 2 x 365 x 3.6
x10¢ miles? x (5280)2

Eiotar = 5.6 x 10" Btu/year

Eiotal—Used = 98 x 10'° Btu/year

A mere O.16% !

Two questions arise regarcling the sun:
Ql: Sun is at 5800° K. How do we know that?
Rela’cecl also to Greenhouse eged:.

@V Origin of solar energg? Thermonuclear processes.
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THE ELECTRO MAGNETIC SPECTRUM

j Wavelength
(metres)
Radio Microwave Infrared  Visible Ultraviolet X-Ray Gamma Ray
103 1072 1075 106 108 10°10 10712
g Frequency
: (Hz)
: 104 108 1012 ' 1015 1016 1018 1020
g E = 15 e E = hv E = energy of light (photons)

h = Planck’s constant 6.63x 10-3* ] x sec
c= Velocity of light  3x108 m/sec
A\ = wavelength in meters

Example: freq = 10'3 Hertz energy = 6.63 x10-23 | (!'small) v = frequancy Hertz (Sinverse sec)
= qu y Z (—InVv
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Wein’é clisplacement law
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uis the radiant

energy oo yat temP Pl Recal changes in color of a steel bar

as n of wave Iength as it is heated upina furnace. “‘Red hot”
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0.58um = 5800 A'yellow
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Stefan’s law of P = Power radiated by the body
racllatxon I W atts

A sq. meter

i

ks 4
A =€o 1l e = surface emittivity
e ~ .1 shiny body
€ ~ .9 dull body
SHINY BODIES EMIT LESS
PP oc i Hot bodies radiate much more

2 06k A Power is Proportional to area of radiator.
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Each objec‘c IS racliating isotropica”g bg Stefan’s law
Each o]'_)ject is also absorbing and will in time reach “radiative equlibrium”
| But that takes a lot more time than we are usua”g interested in!
ﬂowe\/er) “greenhouse effect” becomes Possible due to different absorption at ditferent

wavelengths.
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chematic of C 5 From Sun

absorption of radiation

T 5 U m

Thus CO, Production imPacts us very negativelg: it absorbs in the range of 5 micrometers
due to its quantum egiciencg) and hence drives up the atmospheric temperature.
it did have a big role to Plag initia”g in getting us here, but human Procluction of CO2 bg industrial

processes IS changing the temPerature worldwide.
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Photoelectric eHect and P~njunc’cion5 and Phostavuttaics
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Unbound e’s
Energ9 increasing quarcls

High 19 excited states
(Unbound state)

2nd Excited state: (Bound
b State)

< o st Excited state: (Bound
State)

Sy Ground state: (Bound State

Modern Pic:ture of an atom.
Bohr’s old quantum theorg as described in many books.
Excitation energjes atresonance : e-¢, = hv

_ get related to specific wave lengths.
- Atomic or molecular excitations dominate quantum efficiency of absorption (CO;
problem)

O S -
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o A bound state has an electron in “Perl:)etual caPtivitg” of anion.

o DiHerent bound states usua”g have different energjes. However a given energy level
can and does accomodate a fixed number of electrons. & for S, 6 for oF 10 for d etc).

o The number of bound states is usua||9 imcinitg

ol AN unbouncl state corresponcls to electrons tha’c are free and not bouncl to an ion

3 \/isualizinga few tgpical oMo
A- : Vacuum level (Free states begin here)

leV =16 x 107 J=8.066 x 10°m

; 1 Az =iy v.= shic/\

OPtical transitions:

H He L

Both ways (absorption or emission)
=] Vel 72

13.6 eV ~ 10"m~* — 1000 A"
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