More Things You Should Know About Physics  -  IB 12

[image: image1.wmf]22

1

2

p

Emx

w

=

[image: image2.wmf]maxmax22

1

2

Tpko

EEEmx

w

===

[image: image3.wmf](

)

(

)

222

2

1

sin

2

sin

po

p

Emxt

Et

ww

aw

=

[image: image4.wmf]222

1

()

2

ko

Emxx

w

=-

[image: image5.wmf](

)

22

0

vxx

w

=±-

[image: image6.wmf]2

00

ax

w

=

[image: image7.wmf](

)

0

sin

aat

w

=-

[image: image8.wmf]00

vx

w

=

[image: image9.wmf](

)

0

cos

vvt

w

=

[image: image10.wmf](

)

0

sin

xxt

w

=

[image: image11.wmf]2

ax

w

=-

[image: image12.wmf]0

t

qqe

t

-

=

[image: image13.wmf]0

t

IIe

t

-

=

[image: image14.wmf]0

t

VVe

t

-

=

[image: image15.wmf]2

11

22

c

ECVqV

==

[image: image16.wmf]A

C

d

e

=

[image: image17.wmf]12

111

S

CCC

=+

[image: image18.wmf]12

P

CCC

=+

[image: image19.wmf]12

21

CV

CV

=

[image: image20.wmf]11

22

CQ

CQ

=

[image: image21.wmf]122

211

RIP

RIP

==

[image: image22.wmf]111

222

RVP

RVP

==

[image: image23.wmf]2

esc

GM

v

R

=

[image: image24.wmf]1

2

k

GMm

E

r

=

[image: image25.wmf]orb

GM

v

r

=

[image: image26.wmf]p

GMm

E

r

=-

[image: image27.wmf]1

2

T

GMm

E

r

=-


[image: image28.wmf]1

2

1

2

KP

TKP

EE

EEE

=

=-=

[image: image29.wmf]2

Q

Ek

r

=

[image: image30.wmf]e

kQ

V

r

=

[image: image31.wmf][image: image32.wmf]3

2

3

2

K

A

KB

R

ET

N

EkT

=

=

[image: image33.wmf]K

KK

K

ET

UtotalENE

UET

a

aa

==

[image: image34.wmf]molar mass

A

Nmass

n

N

==

[image: image35.wmf]4

where n = 1,3,5,7...

n

n

vnv

f

L

l

==

[image: image36.wmf]4

where n = 1,3,5,7...

n

L

n

l

=



[image: image37.wmf]2

where n = 1,2,3,4...

n

n

vnv

f

L

l

==

[image: image38.wmf]2

where n = 1,2,3,4...

n

L

n

l

=

[image: image39.wmf]2

1

tan

B

n

n

q

=

[image: image40.wmf]2

0

cos

II

q

=

[image: image41.wmf]2

4

where r = distance

A = area

PP

I

Ar

p

==

[image: image42.wmf]2

  

where x = distance

Ix

a

-

[image: image43.wmf]2

  A

where A = amplitude

I

a

[image: image44.wmf]'

where STS

(source towards substract)

s

v

ff

vu

æö

=

ç÷

±

èø

[image: image45.wmf]'

where OTA

(observer toward add)

o

vu

ff

v

±

æö

=

ç÷

èø

[image: image46.wmf]fv

fc

l

l

DD

=»

[image: image47.wmf]2

v

ff

c

D»

[image: image48.wmf]nD

x

d

l

=

[image: image49.wmf]sin

dn

ql

=

[image: image50.wmf]sx

D

s

d

l

=D

=

[image: image51.wmf]min

b

l

q

=

[image: image52.wmf]2

ndm

l

=

[image: image53.wmf]1

2()

2

ndm

l

=+

[image: image54.wmf]RmN

l

l

==

D

[image: image55.wmf]Total

photon

photon

E

N

E

=

[image: image56.wmf]max

sk

qVE

=

[image: image57.wmf]hh

pmv

l

==

[image: image58.wmf]22

k

hh

mEmqV

l

==

[image: image59.wmf]2

13.6

n

eV

E

n

-

=

[image: image60.wmf]photonn

fi

EE

hc

hfEE

l

=D

==-

[image: image61.wmf]2

nh

mvr

p

=

[image: image62.wmf]2

()

PrV

y

=D

[image: image63.wmf]A

Z

X

[image: image64.wmf]2

2

19919

272772

14

1

2

1

2

12(1.6010)(8.9910)(79)(1.6010)

(2(1.67310)2(1.67510))(2.0010)

2

2.710

tt

kp

EE

EE

mvqV

kQ

mvq

r

xxx

xxx

r

rxm

--

--

-

=

=

=

æö

=

ç÷

èø

+=

=

[image: image65.wmf]sin

D

l

q

»

[image: image66.wmf]1/3

0

RRA

=

[image: image67.wmf]2341

1120

HHHen

+®+

[image: image68.wmf]2351141921

92056360

3

UnBaKrn

+®++

[image: image69.wmf]144171

7281

NHeOH

+®+

[image: image70.wmf]1

121200

760

NCeenergy

n

+

®+++

[image: image71.wmf]1

141400

670

CNeenergy

n

-

®+++

[image: image72.wmf]12*12

66

CCenergy

®+¡+

[image: image73.wmf]1

 

2

x

fractionremaining

=

[image: image74.wmf]1/2

ln2

T

l

=

[image: image75.wmf]0

t

NNe

l

-

=

[image: image76.wmf]0

t

ANe

l

l

-

=

[image: image77.wmf]AN

l

=

[image: image78.wmf]00

AN

l

=

[image: image79.wmf]mass

= 

molar mass

A

N

N

[image: image80.wmf]3

23

1

2

1

()

2

PowerAv

Powerrv

r

pr

=

=



[image: image81.wmf]max

3

max

1

2.9010

T

xKm

T

la

l

-

×

=

[image: image82.wmf]4

PeAT

s

=

[image: image83.wmf]8

24

=5.67 x 10 

W

mK

s

-

[image: image84.wmf]      

reflectedreflected

incidentincident

PI

PI

aa

==

[image: image85.wmf]total scattered power

total incident power

a

=

[image: image86.png]1Q



[image: image87.png]—~a_ v
T
"
At
1Q 6V
—

1B




[image: image88.png]3.0V.20Q

3.0V.2.0Q

400



[image: image89.png]Position 1

7

S




[image: image90.png]i
L]
Y



[image: image91.png]


[image: image92.png]


[image: image93.png]Position 2
il

'



[image: image94.png]Emf

Time, ¢



[image: image95.png]High-voltage
transmission line

Step-down ~ Step-down
transformer transformer
(substation)

12000V 240 000V 8000V 240V



[image: image96.png]


[image: image97.png]+ +
AC load l
supply



[image: image98.png]voltage
across

load
time



[image: image99.png]


[image: image100.png]voltage
across
load
time



[image: image101.jpg]© 2003 Thomson - Brooks Cole



[image: image102.png]smoothed full-wave rectification

voltage
across
load




[image: image103.png]


[image: image104.png]


[image: image105.png]


[image: image106.wmf]A

C

d

e

=

[image: image107.wmf]2

11

22

c

ECVqV

==

[image: image108.png]Charge on capacitor
doge
Qoo

4



[image: image109.png]


[image: image110.png]arent Current in circuit

time.



[image: image111.png]


[image: image112.png]@0t A Charge on capacitor

o

ime



[image: image113.png]v
Vo.

Potential diference across capacitor

tine



[image: image114.png]arent Current in circuit

tine



[image: image115.wmf]0

t

IIe

t

-

=

[image: image116.wmf](

)

0

sin

xxt

w

=

[image: image117.wmf]0

t

VVe

t

-

=

[image: image118.wmf]0

t

qqe

t

-

=

[image: image119.png]


[image: image120.wmf]2

ax

w

=-

[image: image121.wmf](

)

0

cos

vvt

w

=

[image: image122.png]rof



[image: image123.wmf]00

vx

w

=

[image: image124.wmf](

)

0

sin

aat

w

=-

[image: image125.wmf]2

00

ax

w

=

[image: image126.wmf](

)

22

0

vxx

w

=±-

[image: image127.png]


[image: image128.png]ro|



[image: image129.png]energy

Total Energy

potential

kinetic

e



[image: image130.png]Energy

ol

Total
Kinetic

Potential





[image: image131.wmf]maxmax22

1

2

Tpko

EEEmx

w

===

[image: image132.wmf]22

1

2

p

Emx

w

=

[image: image133.wmf]222

1

()

2

ko

Emxx

w

=-

[image: image134.wmf](

)

(

)

222

2

1

sin

2

sin

po

p

Emxt

Et

ww

aw

=

[image: image135.png]


[image: image136.png]


[image: image137.png]Comparison of travelling waves and stationary waves

Property Travelling wave Standing wave
energy energy is transferred no energy is transferred by the wave
transfer in the direction of although there is interchange of kinetic and
propagation potential energy within the standing wave
amplitude all particles have the | amplitude varies within a loop — maximum
same amplitude occurs atan antinode and zero at a node
phase within a wavelength all particles within a “loop” are in phase
the phase is different | and are antiphase (180° out of phase)
for each particle with the particles in adjacent “loops”
wave profile | propagates in the stays in the same position
(shape) direction of the wave at
the speed of the wave
wavelength | the distance between | twice the distance between adjacent
adjacent particles nodes (or adjacent antinodes)
which are in phase
frequency | all particles vibrate all particles vibrate with same frequency

with same frequency.

except at nodes (which are stationary)




[image: image138.wmf]2

where n = 1,2,3,4...

n

L

n

l

=

[image: image139.png]


[image: image140.png]


[image: image141.wmf]2

where n = 1,2,3,4...

n

n

vnv

f

L

l

==

[image: image142.png]


[image: image143.wmf]4

where n = 1,3,5,7...

n

L

n

l

=

[image: image144.wmf]4

where n = 1,3,5,7...

n

n

vnv

f

L

l

==

[image: image145.png]Single direction
for electric field

Direction of
wave travel

Polarized light



[image: image146.png]Random electric
field directions

Direction of
wave travel

Unpolarized light



[image: image147.png]


[image: image148.png]90°



[image: image149.wmf]2

1

tan

B

n

n

q

=

[image: image150.png]Unpolarized Polarizer Analyzer
light



[image: image151.wmf]2

0

cos

II

q

=

[image: image152.png]Energy spreading out from
a point source



[image: image153.wmf]2

  

where x = distance

Ix

a

-

[image: image154.wmf]2

4

where r = distance

A = area

PP

I

Ar

p

==

[image: image155.png]


[image: image156.wmf]2

  A

where A = amplitude

I

a

[image: image157.wmf]'

where STS

(source towards substract)

s

v

ff

vu

æö

=

ç÷

±

èø

[image: image158.wmf]'

where OTA

(observer toward add)

o

vu

ff

v

±

æö

=

ç÷

èø

[image: image159.wmf]sin

dn

ql

=

[image: image160.wmf]fv

fc

l

l

DD

=»

[image: image161.wmf]2

v

ff

c

D»

[image: image162.png]




[image: image163.wmf]molar mass

A

Nmass

n

N

==

[image: image164.wmf]K

KK

K

ET

UtotalENE

UET

a

aa

==

[image: image165.wmf]3

2

3

2

K

A

KB

R

ET

N

EkT

=

=

[image: image166.png]d I
BN
\\\\\\\\
\\\\\
}}}
}t&{\{\\\\\
“’\/\\‘

8




[image: image167.png]Gravitational Force

F,=mg
GMm

Fg = rl

Vector quantity

Units: N



[image: image168.png]Gravitational Field

_F _GM

g . g= rz
AV,

gradient: g= L4

Vector quantity

Units: Nkg or, /s




[image: image169.png]Gravitational Potential Energy

E,=mV,

W = AE, =mAV,

GMm

Units: T



[image: image170.png]Units: Jkg



[image: image171.png]Electric Force

F,=Eq
F ok
e 2

r
Vector quantity

Units: N



[image: image172.png]Gradient: E=-—=*

7

Vector quantity

Units: NIC or_Vim



[image: image173.png]Electric Potential Energy

W = AE, = A7,

Units: T



[image: image174.png]V—a
= %0
W85 V===
q q r
Scalar quantity

Units: JIC or V.



[image: image175.png]Electric Field (N/C)

o

R

2R 3R 4R

Distance (m)



[image: image176.wmf]2

Q

Ek

r

=

[image: image177.wmf]sx

D

s

d

l

=D

=

[image: image178.wmf][image: image179.png]Spherical Conductor



[image: image180.wmf]nD

x

d

l

=

[image: image181.png]Electric Potential (V)

R

2R

Distance
3R 4R
(m)



[image: image182.wmf]e

kQ

V

r

=

[image: image183.png]


[image: image184.png]Gravitational Field Strength (N'kg)

o

R

2R 3R 4R
Distance (m)



[image: image185.png]Gravitational Potential (J/kg)

°

Distance
R 2R 3R 4R (m)



[image: image186.png]


[image: image187.png]o



[image: image188.png]


[image: image189.png]Rsuowndn





[image: image190.png]


[image: image191.wmf]1

2

1

2

KP

TKP

EE

EEE

=

=-=

[image: image192.wmf]2

esc

GM

v

R

=

[image: image193.wmf]1

2

k

GMm

E

r

=

[image: image194.wmf]p

GMm

E

r

=-

[image: image195.wmf]1

2

T

GMm

E

r

=-

[image: image196.wmf]orb

GM

v

r

=

[image: image197.png]Aususiut ysM



[image: image198.png]Gravitational Potential between

two planets
o
— \

— _—



[image: image199.png]— dift
velocity

electiic

field



[image: image200.png]


[image: image201.png]intensity




[image: image202.png]Terminal pd (v)



[image: image203.png]


[image: image204.png]


[image: image205.wmf]111

222

RVP

RVP

==

[image: image206.png]+0| -0

+Q] -9,



[image: image207.wmf]122

211

RIP

RIP

==

[image: image208.png]


[image: image209.wmf]12

21

CV

CV

=

[image: image210.png]


[image: image211.wmf]11

22

CQ

CQ

=

[image: image212.wmf]12

P

CCC

=+

[image: image213.wmf]12

111

S

CCC

=+

[image: image214.png]rebative ntensity

m staight through positony”

reative intensity

(v)

-

5 [ s b 52
angle from staight through positony”

reltive intensity

()

[I——nl (na,

2 15 0 5 0 s 0 15 2
‘angl from staight hrough positon”

& Figure 2 Combination of diffraction and interference.



[image: image215.png]


[image: image216.png]single slit

|
relative iT(ensn

T T T
20 15 10 5 0 5 10 15 20 20 15 10 5 0 5 10 15 20

angle from straight through position/* angle from straight through position/”
three slits five slits

¥ b —
/|| refative intensity
I I

, refative intensity

/ \

20 15 10 5 0 5 10 15 20
angle from straight through position/”

The effect of increasing the number of slits on variation of intensity.

15 20
angle from straight through position/*



[image: image217.png](€] not resolved
resultant intensity
diffraction pattern diffraction pattern
of source A ﬂisuuvceE

anglel

appearance

S
appears as one source



[image: image218.png]e\qwsmem\xemum

nue‘"dde- -

T
gogee P

yaanosso
wined vopesyp

Fususul weynsal pantosasysnf (q)



[image: image219.png]areiedas fipea 532005 M)

aaueseadde]

fafpue

panosai (2]

fiysusn aanear {



[image: image220.png]Intensities.

Justresolved



[image: image221.wmf]min

b

l

q

=

[image: image222.png]Single

Circular
Aperture




[image: image223.png]Aperture

inside

Sereen



[image: image224.wmf]RmN

l

l

==

D

[image: image225.png]


[image: image226.wmf]Total

photon

photon

E

N

E

=

[image: image227.wmf]1

2()

2

ndm

l

=+

[image: image228.wmf]2

ndm

l

=



[image: image229.png]current
w KE nax

low intensity UY

frequency

2 potential



[image: image230.png]Total energy, £
A

-0.54 €V
-0.85 6V

1516V

3406V

1366V

n =co, Electron
removed from atom

n=1,
Ground state



[image: image231.wmf]max

sk

qVE

=

[image: image232.wmf]hh

pmv

l

==

[image: image233.wmf]22

k

hh

mEmqV

l

==

[image: image234.png]


[image: image235.wmf]2

13.6

n

eV

E

n

-

=

[image: image236.wmf]photonn

fi

EE

hc

hfEE

l

=D

==-

[image: image237.wmf]2

nh

mvr

p

=

[image: image238.png]wide barrier

|- thin barrier

A0 N
\V

g

electron could be here



[image: image239.wmf]2

()

PrV

y

=D

[image: image240.wmf]A

Z

X

[image: image241.png]orbiting
electron

16x105m  [2x100m

positive
nucleus





[image: image242.wmf]2

2

19919

272772

14

1

2

1

2

12(1.6010)(8.9910)(79)(1.6010)

(2(1.67310)2(1.67510))(2.0010)

2

2.710

tt

kp

EE

EE

mvqV

kQ

mvq

r

xxx

xxx

r

rxm

--

--

-

=

=

=

æö

=

ç÷

èø

+=

=

[image: image243.jpg]© 2003 Thomson - Brooks Cole

79¢




[image: image244.png]Force Range Relative strength | Roles played by these forces in the universe
Gravitational %) 1 binding planets, solar system, sun, stars,
galaxies, clusters of galaxies
Weak nuclear ~10%m 102 (W*, W): transmutation of elements (W°):
breaking up of stars (supernovae)
Electromagnetic 0o 10% binding atoms, creation of magnetic fields
Strong nuclear ~10%m 10% binding atomic nuclei, fusion processes in stars




[image: image245.png]electron
intensity

Onin Angle
angle of diffraction
(o) typical results

Variation of
electron intensity with angle



[image: image246.png]Binding energy per nucieon (MeVinuciesn)

Binding energy per nucleon plot

% T
e I
o B T [
39, 0, T\m &8I
gt Bl
. e
A U
qu ks El
%
e,
i
3.
= o i £ =

[ E——



[image: image247.wmf]sin

D

l

q

»

[image: image248.wmf]1/3

0

RRA

=

[image: image249.wmf]2351141921

92056360

3

UnBaKrn

+®++

[image: image250.wmf]2341

1120

HHHen

+®+

[image: image251.wmf]144171

7281

NHeOH

+®+

[image: image252.png]Emission | Composition Range lonizing ability
ﬂ ahelium low penetration, biggest mass and very highly
nucleus charge, absorbed by a few centimetres of | ionizing
(2 protons and | air, skin or thin sheet of paper
2 neutrons)
B high energy moderate penetration, most are absorbed | moderately
electrons by 25 cm of air, a few centimetres of body | highly ionizing
tissue or a few millimetres of metals such
as aluminium
N very high highly penetrating, most photons are poorly ionizing —
frequency absorbed by a few cm of lead or several usually secondary
electromagnetic | metres of concrete ionization by
radiation electrons that the

few photons will be absorbed by human
bodies

photons can eject
from metals




[image: image253.png]radon and its daughter products are released into the ai following
the decay of natually occurting uranium isotopes found in granite

medical sources gamma rays from
such as Xerays rocks and soil

internal sources from the 1% cosmic rays from outer space
food we eat, the liquids we |
drink and the ai we breathe  leaks from sources used in

power stations and hospitals

Sources of background radiation in the UK



[image: image254.png]U 2% Th +ia



[image: image255.wmf]1

141400

670

CNeenergy

n

-

®+++

[image: image256.wmf]1

121200

760

NCeenergy

n

+

®+++

[image: image257.wmf]12*12

66

CCenergy

®+¡+

[image: image258.png]Nuclear energy level

':c before decay

': N in excited state, E*

‘:N in ground state, Eq

£~
y-ray photon
released with
energy ( E*~£q)



[image: image259.png]KE .

Kinetic energy

sopvd-g Jo soquiny




[image: image260.wmf]1

 

2

x

fractionremaining

=

[image: image261.png]£ £ £ £ °
e S Ao

N oIonU SARROIPE Jo JoquinN

Tip 2T 3T 4Ti

0

'

Time,



[image: image262.wmf]1/2

ln2

T

l

=

[image: image263.wmf]0

t

NNe

l

-

=

[image: image264.wmf]00

AN

l

=

[image: image265.wmf]AN

l

=

[image: image266.wmf]0

t

ANe

l

l

-

=



[image: image267.png]


[image: image268.png]e L Tl Al R
v 4 B B
H @ @
‘oo | e | e
seen )| ) J|_zrom
(<155 Mevic? (80.4 Gevic? H
g o =1 g
2| dearon ® ® §
neutrino ) muon neutrino J{_tau neutrino. Whoson ) &

The Standard Model



[image: image269.wmf]mass

= 

molar mass

A

N

N

[image: image270.png]Classification of Matter

Matter

Hadrons | Leptons

Baryons | | Mesons

Thres [quark and
quarks | [antiquark




[image: image271.png]proton neutron
antiproton larmbda
baryons mesons

Examples of some hadrons



[image: image272.png]


[image: image273.png]Particle properties

Charge Quarks Baryon number Charge Leptons

2 1

G u c T 3 -1 e 1) T
~te| d | s | b 1 0 v, | v, v,

All quarks have
strange quark

a strangeness number of 0 except the

that has a strangeness number of -1

All leptons have a lepton number of 1 and
antileptons have a lepton number of —1

mediating

Gravitational Weak Electromagnetic Strong
Parnc.les . All Quarks, leptons Charged Quarks, gluons
experiencing
Particles Gravitei whwo,z° ~ Gluons




[image: image274.png]Force

Exchange particle

Acts on

Gravitational

gravitons (undiscovered)

all particles

Weak nuclear

W', W andZ°bosons

quarks and leptons

Electromagnetic

photons

electrically charged particles

Strong nuclear

gluons (and mesons)

quarks and gluons (and hadrons)




[image: image275.png]space

time



[image: image276.png]time

firstincident
electron

electrons repel

virtual photon

position
—_—

second incident
electron



[image: image277.png]electrons Aand B
approach

virtual photon
exchanged

electrons
separate



[image: image278.png]an electron emits a photon



[image: image279.png]I

Y
an electron absorbs a photon



[image: image280.png]e+

\\/‘/e‘

S

Y
a positron emits a photon



[image: image281.png]s

oo

Y
a positron absorbs a photon



[image: image282.png]et

*Pair annihilation’ an
electron and positron
‘annihilate nto a photon



[image: image283.png]o
*Pair production' a photon
spontancously produces an
electron and positron



[image: image284.png]Some primary energy sources

source Energy form
Non- Nuclear fuels uranium-235 nuclear
renewable Fossil fuels crude ol
Spurces coal chemical potential
natural gas
Renewable sources Sun radiant (solar)
water kinetic
wind kinetic
biomass chemical potential
geothermal internal




[image: image285.png]other renewables 1.6%

hydro 6%

nuclear 5%

natural gas 24%



[image: image286.png]electrical energy
total output
chemical

energy
input

Sankey diagram for
a fossil-fuel power station

thermal energy  thermal energy  thermal energy
transfered transferred due to friction
to exhaust to cooling

gases water



[image: image287.png]Typical pumped-storage development



[image: image288.wmf]3

23

1

2

1

()

2

PowerAv

Powerrv

r

pr

=

=

[image: image289.png]relative intensity (arbitrary units)

o

966 nm (IR) wavelength
Intensity against wavelength for black bodies at four temperatures.



[image: image290.wmf]max

3

max

1

2.9010

T

xKm

T

la

l

-

×

=

[image: image291.wmf]4

PeAT

s

=

[image: image292.png]radiation
from Sun

one square metre at
top of atmosphere

Defining the solar constant.



[image: image293.wmf]8

24

=5.67 x 10 

W

mK

s

-

[image: image294.jpg]


[image: image295.wmf]      

reflectedreflected

incidentincident

PI

PI

aa

==

[image: image296.png]W\/\O equilibrium position

symmetric stretching

bending

anti-symmetric stretching

Vibrational states in the carbon dioxide molecule.



[image: image297.wmf]total scattered power

total incident power

a

=
























































� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





Energies as functions of time





Energies as functions of position
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Alternate Velocity Function
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Maximum acceleration:





Maximum velocity:





c) Acceleration Function
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Maximum displacement: xo





b) Velocity Function





a) Displacement Function





Where


 ω = angular frequency


 ω = 2π/T = 2 πf
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Defining Equation for SHM: 





Simple Harmonic Motion (SHM) – motion that takes place when the acceleration (or restoring force) of an object is proportional to its displacement from its equilibrium position and is always directed toward its equilibrium position 
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Time constant:  τ  =  RC  





Discharging a Capacitor





Charging a Capacitor
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Energy stored in a capacitor:





Dielectric material:  an electrical insulator that is polarized when placed in an electric field
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General Formula:





Formula:  C = q/V   





Capacitance:   the ratio of charge to potential difference





Capacitor: a device that stores charge and energy





Diode bridge is formed from two sets of parallel diodes.  Diodes on parallel sides of the bridge point in the same directions.


During each half-cycle of AC, one set of parallel-side diodes conducts.


Output current always flows through the load resistor in the same direction (DC).


The output voltage and current are not constant or smooth.  A capacitor may be used to “smooth” the output (see below).





Voltage output





Circuit





b)  Full-wave rectification:  uses a diode bridge (with four diodes) – allows both halves of the AC wave to pass but the negative half is inverted





Voltage output





Circuit





a)  Half-wave rectification:  uses one diode - allows only the positive half of the AC wave to pass





Diode:  a semiconductor device that only allows current to flow in one direction





Rectification:  the process of converting an AC supply into DC (uses diodes)





Power Transmission:  First, step-up transformers to increase voltage and decrease current.  This reduces power loss (I�2R loss) as heating in the power lines.  Then step-down transformers to reduce voltage and increase current at houses.





When the plane of coil is perpendicular to magnetic field lines . . .  





flux = max, ΔΦ/Δt = 0, ε = 0, I = 0





When the plane of coil is parallel to magnetic field lines . . .  





flux = 0, ΔΦ/Δt = max, 


ε = max, I = max





Generator: Alternating Current and EMF





Spinning coil twice as fast will:





a)  double maximum emf





b)  double the frequency 





c) halve the period





As the slider moves from X to Y, current through lamp and potential difference across it decreases (ammeter and voltmeter decrease.)








With a potentiometer





Measuring I-V Characteristics





Relationship: as temperature increases, resistance decreases.





Negative Temperature Coefficient (NTC) Thermistor or Temperature Sensor:  A sensor made of semiconducting material, also known as a thermistor (thermal resistor).  As the thermistor gets hotter, more charge carriers are released and thus its resistance goes down. 





Relationship:  as intensity of light increases, resistance decreases





Light-Dependent Resistor (LDR) or Light Sensor:  A photo-conductive cell made of semiconducting material.  When light strikes it, charge carriers are released.  As more light strikes it, more charge carriers are released and thus its resistance goes down.





II.  Emfs in series in opposite directions:  subtract the voltages





III.  EMFs in parallel:  same EMF but add internal resistances





ΣV = 0 for Loop 1:





I1 + I2 = I3





ΣI = 0 at A:





Solve Three Simultaneous Equations





I.  Emfs in series in the same direction:  add the voltages





20 = 20I2 + 40I3





ΣV = 0 for Loop 2:





Kirchhoff’s Junction Rule (ΣI = 0):  At any junction in a circuit, the sum of the currents entering the junction equals the sum of the currents leaving the junction.  (total current in = total current out) 





10 = 10I1 + 40I3





Kirchhoff’s Loop Rule (ΣV = 0):  Around any closed loop in a circuit, the sum of the EMFs equals the sum of the potential differences.  (total voltage rises = total voltage drops) 





Equivalent capacitance





Equivalent capacitance





I1 = I2
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Control:





Q1 = Q2





Series Capacitors





Control:





Parallel Capacitors
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V1 = V2





Control:
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Parallel Resistors





V1 = V2





Control:
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Series Resistors





Characteristics of how the terminal p.d. of a cell varies with time





ε = I (R + r)


ε = IR + Ir


ε = Vterm + Ir








Escape Speed





Orbital Speed
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Energies of Orbiting Satellite





Satellites





r = internal resistance


R = total external resistance


ε, E = emf


V = terminal potential difference  (Vterm)





For a cell/battery with internal resistance:





Where n = charge density (number of charges per unit volume





A = cross-sectional area








Drift Velocity (v) Formula:





I = nAvq
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Two parallel plates 





Two equal masses 





Equipotential surfaces are always perpendicular to field lines.





Opposite equal charges





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





Outside:





Inside:  E = 0,  V = constant
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Like equal charges














































































































Boltzmann’s constant


1.38 x 10-23 J/K





Where kB= 
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N = total number of particles (atoms or molecules)


NA = 6.02 x 1023 particles/mole (Avogadro’s constant)


n = number of moles





The internal energy (U) of an ideal gas consists solely of kinetic energy (no potential energy since no bonds) and is proportional to absolute temperature.
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Power Function:  


y = c·xn





slope = n


y-intercept = log c    


or     c = 10b








4.4 ± 5%





Measurement with percentage uncertainty:





2.  Multiplication/Division Rule:  When two or more quantities are multiplied or divided, the overall uncertainty is equal to the sum of the percentage uncertainties.





1.  Addition/Subtraction Rule:  When two or more quantities are added or subtracted, the overall uncertainty is equal to the sum of the absolute uncertainties.











3.  Power Rule:  When the calculation involves raising to a power, multiply the percentage uncertainty by the power.








Graph straightening by logs











x ± Δx = 4.4 ± 0.2 cm





Measurement with absolute uncertainty:





Fractional Uncertainty   Δx/x = 0.2 cm / 4.4 cm











Percentage Uncertainty   Δx/x ∙ 100% = 0.2 cm / 4.4 cm x 100%   = 0.045 = 4.5% = 5%











Absolute Uncertainty       Δx = 0.2 cm





Take log of both sides


Log y = n log x + log c 












































Standing Wave





Traveling Wave





I.  Transverse Standing Wave: string fixed at both ends





II.  Longitudinal Standing Wave: pipe open at both ends





III.  Longitudinal Standing Wave: pipe open at only one end





First Harmonic (fundamental): 


L = ½ λ





First Harmonic (fundamental): 


L = ½ λ





First Harmonic (fundamental): 


L = ¼  λ 


(no even harmonics)
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�
Boundary conditions�
First Harmonic


(fundamental)�
Resonant Wavelengths


(higher harmonics)�
Resonant Frequencies


(higher harmonics)�
�
String of length L�
Both ends fixed or both ends free�
L = ½ λ1


λ1 = 2L�
�
�
�
Pipe of length L�
Both ends open or both ends closed�
�
�
�
�
�
�
�
�
�
�
String of length L�
One end fixed, the other end free�
L = ¼  λ1


λ1 = 4L�
�
�
�
Pipe of length L�
One end open, the other end closed�
�
�
�
�






Unpolarized Light – light in which the electric field vector vibrates in random directions.





Polarized Light – light in which the electric field vector vibrates in one plane only.





Polarization by reflection from a non-metallic plane surface





Where: 


I  = transmitted intensity


I0 = intensity of light incident on the analyzer (second film)


θ  = angle between transmission axis of polarizer (first film) and analyzer





Glare: Reflected light that is polarized parallel to surface (horizontal)
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Brewster’s Angle (θB):   





At one particular angle called the polarizing angle (or Brewster’s angle), the reflected ray would be completely polarized.  At this angle, the reflected ray and the refracted ray are at right angles.
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Malus’ Law:








50% of unpolarized light passes through any polarizing film
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Intensity: power per unit area
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As the distance from the source doubles . . . ¼ I








� EMBED Equation.DSMT4  ���





Intensity (and energy) is proportional to the square of the amplitude of a mechanical wave





Doppler Effect for Sound
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Moving Source
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Moving Observer





Doppler Effect for Light (all EM waves, including RADIO WAVES)
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Approximation is only valid for speeds much less than the speed of light.
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When both source and observer are moving, double the frequency shift.





Phase Difference – difference in the phases of the two waves when they overlap  (e.g. – 0, 180o)





Path Difference (Δℓ) – difference in the distances two waves must travel from their sources to a given point (e.g. - 1λ, ½ λ, …)





Destructive Interference -   Phase difference:  1800 (π)    Path difference:  Δℓ = (n + ½ ) λ   where n = 0, 1, 2, 3, …





Constructive Interference -  Phase difference:  0      Path difference:  Δℓ = n λ   where n = 0, 1, 2, 3, …





Fringe separation





Linear displacement from the central maximum





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





Angular displacement from the central maximum





a)  equal spacing and widths





b)  equal brightness





Double Slit Interference Patterns





Ideal Intensity Distributions for Double Slit Interference Patterns





As the number of slits increases . . 


     a)  maxima maintain location but become narrower and more intense


     b)  minima are not totally dark 











Multiple Slit Interference (Diffraction Grating)
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Comparison of intensity patterns showing the effect of increasing the number of slits on intensity





Single Slit Intensity Pattern





a)  Wide bright central maximum 


b)  Equal and dim secondary maxima 


c)  White light – white central max, rainbow secondary max





Resolution (resolving power):  the ability to distinguish between two sources of light





Modulation of double-slit interference pattern by single-slit diffraction effect





Rayleigh Criterion:  For two sources to be “just resolved,” the central maximum of one diffraction pattern is located on top of the first minimum of the other diffraction pattern.





The minimum angle (θmin) between the sources for them to be “just resolved” is the angular half-width of one diffraction pattern.





If the light ray reflects from a substance with a higher index of refraction, the phase difference is 180o (λ/2) = hard reflection.





NOTE:  The above two formulas are derived for the case where the two rays undergo only one hard reflection.  In the case where the light rays undergo two hard reflections (or two soft reflections) then…switch the formulas.
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Destructive interference of rays A and B will occur if the two rays are 180o out of phase.
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Thin Film Interference





Constructive interference of rays A and B will occur if the two rays are in phase.





Where: 


 m =   0,1,2…


 n= index of refraction


 d = thickness of film





R = resolvance





m = 1,2,3… (order)





N = total # of slits
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Resolvance (R) of a diffraction grating:  the ratio between a wavelength being investigated (λ ) and the smallest possible resolvable wavelength difference (Δλ)





For two light sources to be resolved, check if the actual angle between them is greater than the minimum angle.





If the light ray reflects from a substance with a lower index of refraction, the phase difference is 0o = soft reflection.





When light shines from a given source (flashlight, laser, etc.):�
Energy of each photon�
Total energy�
Number of photons�
�
If the frequency of the light is constant, as the intensity of the light increases….�
remains the same�
increases�
increases�
�
If the intensity of the light is constant, as the frequency of the light increases….�
increases�
remains the same�
decreases�
�
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Maximum kinetic energy of ejected electrons (Emax):





De Broglie wavelength
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Stopping Potential (Vs):  minimum potential difference that stops all photoelectric current











Photoelectric Effect





De Broglie Hypothesis:  All particles can behave like waves whose wavelength is given by λ = h/p where h is Planck’s constant and p is the momentum of the particle.
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De Broglie wavelength after accelerating through a potential difference V





Hydrogen Spectrum: atomic energy levels can be calculated from
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The energy of a photon emitted or absorbed can be calculated from:
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The angular momentum of an electron in a stationary state is quantized in integral values of h/(2π).�






When electrons go up levels, they absorb photons.





When electrons drop levels, they emit photons.





Wave function (ψ): An equation associated with the electron (or, a property of the electron) that may be used to calculate the probability of finding the electron at a particular location.





Particle is most likely to be found at A and B where amplitude is greatest.





Square of the amplitude of the electron’s wave function is … proportional to probability of finding the electron at a particular location.





Where P (r) =  probability of finding particle at distance r





            |ψ|2 = square of amplitude of wave function





            ΔV = small volume





Probability Density Function:
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conjugate quantities:  position and momentum   or   energy and time








Uncertainty Principle  


Both the position and momentum of a particle cannot be precisely known at the same time. 


Both the energy state of a particle and the amount of time it is in that energy state cannot be precisely known at the same time.





Implications  


The more you know about one of the conjugate quantities, the less you know about the other.


If one of the conjugate quantities is known precisely, all knowledge of the other is lost.





ΔE ∙ Δt  ≥ h/4π





Δx ∙ Δp ≥ h/4π





Quantum Tunnelling:  a quantum mechanical phenomenon in which a particle passes through a barrier that it would not be expected to pass through using only the laws of classical physics





Factors that affect tunnelling probability:


a)  thickness of the barrier


b)  mass of the particle 


c)  difference in energy between the particle and the height of the potential barrier





Unified atomic mass unit (u):  1/12th the mass of a carbon-12 atom





Atomic number (Z) (proton number): number of protons in nucleus





Mass number (A) (nucleon number):  number of protons + neutrons





Neutron number: number of neutrons in nucleus (A – Z)





Isotopes: nuclei with same number of protons but different numbers of neutrons





Nuclide:  a particular type of nucleus





Nucleon:  a proton or a neutron
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A nitrogen atom





1 u = 1.661 x 10-27 kg


1 u = 931.5 MeV/c2


1 u = 1 g/mol
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Size of atom:  10-10m          


Size of nucleus:  10-15m – 10-14 m





Distance of Closest Approach





Fundamental Forces and their Properties





Deviations from Rutherford scattering: The scattering experiments performed by Rutherford, Geiger, and Marsden were limited by the energies of the alpha particles emitted by the radioactive sources available to them.  When their experiments are repeated using more energetic alpha particles it is found that, at these higher energies, the Rutherford scattering relationship does not agree with experimental results.  At higher energies the alpha particles were able to approach the target nucleus so closely that the strong nuclear attractive force overcomes the electrostatic repulsion.  The method of closest approach gives an approximation of the size of a nucleus.  More reliable values for the size of a nucleus can be from using electron diffraction experiments.





Where: 





D = diameter of nucleus
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Energy units�
Mass units�
�
MeV�
MeV c-2�
�
GeV�
GeV c-2�
�
eV�
eV c-2�
�
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Nuclear densities are approximately the same for all nuclei.  The only macroscopic objects with the same density as nuclei are neutron stars.





Radius (R) of a Nucleus





Where: 





A = mass number (number of nucleons)





Ro = Fermi radius (a constant)





Formulas:


mnucleus + Δm = mnucleons


E =  m c2





Nuclear binding energy (ΔE )





   a) energy released when a nuclide is assembled from its individual components





   b) energy required when nucleus is separated into its individual components








Mass defect (mass deficit) (Δm)





Difference between the mass of the nucleus and the sum of the masses of its individual nucleons








1.  As a nucleus gains more nucleons,


its total binding energy . . . increases           


while its binding energy per nucleon . . . increases then decreases





2.  Most nuclei have a binding energy per nucleon . . . approximately 8 MeV, between 7 and 9





3.  As the binding energy per nucleon increases, the nucleus . . .is in a lower energy state and is more stable





4.  The most stable common nucleus is . . . Fe-56    (most stable is Ni-62)
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Nuclear Fusion: Two light nuclei combine to form a more massive nucleus with the release of energy.





Nuclear Fission:  A heavy nucleus splits into two smaller nuclei of roughly equal mass with the release of energy.





Fission/fusion reactions:   mreactants = mproducts + Δm





Artificial transmutation reactions:   mreactants+ Δm = mproducts 
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Artificial (Induced) Transmutation:  A nucleus is bombarded with a nucleon, an alpha particle or another small nucleus, resulting in a nuclide with a different proton number (a different element).





Background Radiation:  We are exposed to ionizing radiation all the time from naturally-occurring sources.  This is called background radiation.  





Alpha –does greatest damage due to high mass





2.  Which type of radiation has the greatest ionizing ability?  Why?





Gamma because it is a photon 


(no mass, high energy, very fast)





1.  Which type of radiation has the greatest penetrating ability?  Why?





Radioactive decay reactions:   mreactants = mproducts + Δm





III. Gamma Decay





Alpha particle:  helium nucleus, α, 24He





I.  Alpha Decay





Beta-plus particle:  positron, β+, +10e





Beta-minus particle:  electron, β-, -10e





II. Beta Decay
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Gamma particle:  high energy photon, 





b)  Gamma decays are drawn vertically down





a)  Alpha and beta decays are drawn to the side





Rules for drawing nuclear energy level diagrams:





Which energy spectra are continuous and which are discrete?  Alpha and gamma are discrete, beta is continuous





Which energy spectra give evidence for the quantization of nuclear energy levels? Alpha and gamma only





Since two particles are ejected, the KE can be split between them in any proportion so the spectrum is continuous and thus the quantization of the nuclear energy levels is not demonstrated.





Why does the continuous spectrum of beta decay not show evidence for nuclear energy levels?





Atomic Feature�
Evidence�
�
Size of nuclei 


(nuclear radii)�
Measurements made from charged particle scattering experiments such as the Geiger-Marsden experiment (Rutherford alpha particle scattering experiment)�
�
Nuclear masses�
Measured using a Bainbridge mass spectrometer�
�
Existence of isotopes�
Evidence provided by the results of Bainbridge mass spectrometer measurements: two atoms of the same atomic number (same number of protons) land at a different spot and so have a different mass, therefore must have a different number of neutrons.�
�
Atomic energy levels


(electrons energy levels)�
Emission and absorption spectra


(line spectra)�
�
Nuclear energy levels�
Discrete energy spectra of alpha particles in alpha decay


Discrete energy spectra of gamma rays in gamma decay�
�






Evidence for Atomic and Nuclear Structure





Radioactive decay:


Random process: It cannot be predicted when a particular nucleus will decay, only the probability that it will decay.





Spontaneous process: It is not affected by external conditions.  For example, changing the pressure or temperature of a sample will not affect the decay process.  





Rate of decay decreases exponentially with time: Any amount of radioactive nuclei will reduce to half its initial amount in a constant time, independent of the initial amount.





Where  x = number of half-lives = time/T1/2
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Half-life (T1/2):   the time taken for ½ of the radioactive nuclides in a sample to decay








ln(N0)
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Activity (decay rate) (A) – the number of radioactive disintegrations per unit time   [1 Becquerel (Bq) = 1 decay per second]








A0 = initial activity
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N0 = number of radioactive nuclei originally present





N = number of radioactive nuclei present at any one time
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Decay constant (λ)


constant of proportionality between the decay rate (activity) and the number of radioactive nuclei present.





probability of decay of a particular nucleus per unit time.
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ln(A0)





Slope = -λ





Straightening by natural log





Higgs Boson - According to original versions of the Standard Model, quantum mechanical calculations predicted that quarks and leptons (as well as the W and Z bosons) should have no mass, but measurements showed that they did.  One solution to this problem would be if mass was not a property of the particle itself but a property of space. This is known as the Higgs field and the particle associated with it is called the Higgs boson.   A particle with properties matching that of the Higgs boson was detected at the LHC in 2012.





Quark Confinement – Isolated quarks cannot be observed. If sufficient energy is supplied to a hadron in an attempt to isolate a quark, the energy supplied will produce more hadrons or mesons rather than isolated quarks since the strength of the strong interaction increases with distance.  
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According to the Standard Model, all matter particles can be classified according to the scheme shown at right.





T1/2 =ln 2/λ





A = λN





If the half-life is long, then the activity will be effectively constant over a period of time so a different method is required.


  a)  First, the activity (A) can be measured with a Geiger counter,





  b)  then the number of atoms might be determined chemically,








  c)  then the decay constant can be calculated








  d)  and thus the half-life can be calculated.





If the half-life is short, then readings can be taken of activity versus time using a Geiger counter, for example.  Then, either a graph of ln (activity) versus time would be linear and the decay constant can be calculated from the slope.





Methods of Determining Half-life





The Standard Model of particle physics is the theory that says all matter is composed of combinations of six types of quarks (and six antiquarks) and six types of leptons (and six antileptons), as well as four types of gauge bosons (exchange particles) that mediate the four fundamental forces, and the Higgs boson.  This is the currently accepted theory.  Each of these particles is considered to be fundamental (or elementary) which means that they have no internal structure, that is, that they are not made out of smaller constituents.  Gravity is not explained by the Standard Model.





a)  Electron (beta- particle): e-                 and the antielectron (positron, beta+ particle): e+


b)  Mu particle (mu lepton, muon): μ-     and the antimuon (positive muon): μ+


c)  Tau particle (tau lepton, tauon): τ-     and the antitau (positive tau): τ+





NOTE:  An antiparticle is usually denoted by a bar over the symbol.  Three leptons are exceptions:





c)  Lepton Number    d)  Strangeness  





Quantum Numbers -   Every particle has certain properties that are assigned a number, such as:





NOTE:  Antiparticles have same mass as corresponding particles but all quantum numbers are opposite.  





a)  Electric Charge       b)  Baryon Number              





The interaction that involves neutrinos is the weak interaction.





The only interaction in which a quark (or lepton) can change into another quark (or lepton) is the weak interaction.





“Exchange particles” or “gauge bosons”:  Particles that “mediate” an interaction, that is, particles that are exchanged between two objects causing the appearance of a force occurring





The four fundamental forces/interactions from strongest to weakest: Strong, electromagnetic, weak, gravitational
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2.





1.  Electromagnetic interaction between two electrons, shown using both possible sets of axes.





Examples of Feynman Diagrams





a)   The x-axis represents time, going from left to right, and the y-axis represents space. 


      NOTE:  Sometimes these two axes are reversed.





b)   Quarks or leptons are shown by solid lines with arrows.  





c)   Exchange particles are shown either by wavy or broken lines (photons, W and Z bosons) or a curly lines (gluons).





d)   Time flows from left to right.  Arrows from left to right represent particles travelling forward in time.  Arrows from right to left represent antiparticles travelling forward in time.





e)  A junction or vertex (point where lines meet) is made up of two solid lines (two particles) and one wavy/dashed/curly line (exchange particle).  Each vertex has one arrow going in and one arrow going out.





f)   Vertices represent interactions so at each vertex all the conservation laws must apply.








Rules for constructing Feynman diagrams
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Different fuels can be compared by analyzing the:





Formula:   ED = E/V





Units:  J/m3, MJ/m3





Energy Density of a fuel: 


energy released from the fuel per unit volume








Formula:    SE = E/m





Units:  J/kg, MJ/kg





Specific Energy of a fuel: 


energy released from the fuel per unit mass





World energy use





In many cases, these primary energy sources are converted into …  electricity (secondary source)





Secondary energy source:  one that results from the transformation of a primary energy source





Primary energy source:  one that has not been transformed or converted before use by the consumer





Renewable fuels:  A resource that cannot be used up or is replaced at same rate as it is being used.





Non-renewable fuels: The rate of production of the fuel is much smaller than rate of usage so fuel will run out (limited supply).





Fossil fuels:  coal, oil, natural gas





Origins of fossil fuels:   Organic matter decomposed under conditions of high temperature and pressure over millions of years.





Sankey diagrams (energy flow diagrams):  used to keep track of energy transfers and transformations





a) Thickness of arrow is proportional to amount of energy.





b) Degraded energy points away from main flow of energy.





c) Total energy in = total energy out.





Degraded energy: In any process that involves energy transformations, degraded energy is energy that is transferred to the surroundings (thermal energy) and is no longer available to perform useful work.





Thermal Neutron:  low-energy neutron (≈1eV) that favors fission reactions – its energy is comparable to gas particles at normal temperatures





Fuel Enrichment:  process of increasing the proportion of uranium-235 in a sample of uranium 





Naturally Occurring Isotopes of Uranium:





Uranium-238: most abundant (99.3%) but not used for fuel since it has a very small probability of fissioning when it captures a neutron. 





Uranium-235: rare (0.7%) but used for fuel since it has a much greater probability of fissioning when captures a neutron but must be a low-energy neutron (thermal neutron). 





Nuclear Energy - Fission





Control Rods:  used to remove neutrons to control the rate of the reaction





Moderator:  substance used to slow down neutrons to thermal levels to ensure that the fission takes place





How is the thermal energy that is released in the fission reactions used to generate electricity? 





The coolant (which is often the same as the moderator) is fluid circulating around the fuel rods in the reactor core and is heated up by the thermal energy released in the fission chain reaction. 


This coolant in a closed loop (primary loop) flows through pipes in a tank of water known as the “heat exchanger.”  Here the thermal energy of the hot coolant is transferred to cooler water in a secondary loop which turns it to steam.  This steam expands against fan blades of turbines and turns a magnet is a coil of wire to generate electricity.
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2.  Photovoltaic cell (PV cell, solar cell): a cell of semi-conductive material used to generate electricity  (solar energy to electrical energy)              Operating Principle:  photoelectric effect








1.  Solar heating panel (active solar heater):  a panel containing pipes with a water-glycol mixture used to heat water  (solar energy to thermal energy)








Solar Power





Formula for Maximum Power from a Wind Generator





Wind Power





Hydroelectric Power





One method is called pumped storage. Water is pumped to a high reservoir during the night when the demand, and price, for electricity is low. During hours of peak demand, when the price of electricity is high, the stored water is released to produce electric power. A pumped storage hydroelectric power plant is a net consumer of energy but decreases the price of electricity.  Energy stored in reservoir = Ep = mgh
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III.   Radiation:  


Thermal radiation is the transfer of energy by means of electromagnetic radiation.  It has its origins in the thermal motion of the charged particles of the object that emit photons as they move and are accelerated.  Radiation from the Sun reaches Earth across the vacuum of space.








I.  Thermal Conduction:  


In conduction processes, energy flows through the bulk of the material without any large-scale relative movement of the particles (atoms/molecules) that make up the object.  Faster moving particles collide with slower moving ones and transfer energy during the collisions.  Conduction is primarily of importance in solids and less so in liquids and gases where the particles are further apart.





II.  Convection:  


       Convection is the bulk movement of groups of particles within fluids (liquids and gases) due to variations in density.  Hotter less-dense fluid rises and cooler more-dense fluid falls to take its place.  This is known as a convection current (cycle).








Principal Methods of Thermal Energy Transfer





An idealized � HYPERLINK "http://en.wikipedia.org/wiki/Physical_body" \o "Physical body" �physical body� that absorbs all incident � HYPERLINK "http://en.wikipedia.org/wiki/Electromagnetic_radiation" \o "Electromagnetic radiation" �electromagnetic radiation�, regardless of frequency or angle of incidence, is called a . . . black body








a)   Not all wavelengths of light will be emitted with equal intensity.





b)   Emitted wavelength with highest intensity (λmax ) is related to . . . temperature.





c)   Area under curve is proportional to . . . total power radiated by body 





d)   As body heats up, λmax . . . decreases                   and total power . . . increases
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Black-body:


e = 1





Wien’s Displacement Law:  


The wavelength at which the maximum power is emitted by a black-body is inversely proportional to its absolute temperature.





Solar constant


Meaning:  The amount of energy from the Sun that arrives at the top of the atmosphere





Definition:   The total radiation energy received from the � HYPERLINK "http://www.britannica.com/EBchecked/topic/573494/Sun" �Sun� per unit of time per unit of area on a theoretical surface perpendicular to the Sun’s rays and at � HYPERLINK "http://www.britannica.com/EBchecked/topic/175962/Earth" �Earth’s� mean distance from the Sun.
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Average value over entire surface of Earth:  340 W/m2





Emissivity (e):  the ratio of the power emitted by an object to the power emitted by a black-body of the same dimensions at the same temperature








The Stefan-Boltzmann Law of Radiation: 


The total power radiated by a black-body per unit area is proportional to the fourth power of the absolute temperature of the body.
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Value of solar constant:  1360 W/m2
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Albedo(α):   ratio of total solar power scattered (reflected) to total solar power incident





Global mean albedo?  30%








Why does ice have the highest albedo? Most reflective








Meaning of albedo: the fraction of total incoming solar radiation that is reflected back out into space





Greenhouse Effect –





a)   Short wavelength radiation (ultraviolet, visible, and short-wave infrared) received from the Sun causes the Earth’s surface to warm up.  





b)   Earth will then re-emit longer wavelength radiation (long-wave infrared) which is absorbed by some gases (greenhouse gases) in the atmosphere, due to resonance.





c)   This energy is re-radiated in all directions (scattering).  Some is sent out into space and some is sent back down to the ground and atmosphere.  





d)  The “extra” energy re-radiated causes additional warming of the Earth’s atmosphere and surface. This additional warming is known as the Greenhouse Effect.








Water Vapor (H2O)      Carbon Dioxide (CO2)       Methane (CH4)        Nitrous Oxide (N2O)





Greenhouse Gases: each has natural and man-made origins





Resonance – The natural frequency of oscillation of the molecules of the greenhouse gases is in the infrared region (1 – 300 μm)








What is the molecular mechanism by which greenhouse gases absorb infrared radiation?





Enhanced Greenhouse Effect:  increase in greenhouse gases in the atmosphere leads to absorption and re-radiation of extra solar energy leading to an increase in Earth’s surface temperatures (global warming)
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