] ke chfinestS:
Pre- final Review
W A0

Current, Voltage, Resistance
Electric Energy Concepts Joule Heating,
Electrical Laws (Ohm’s law, Joule Heating)
l:araclag’s law and the Generation of electricitg

Transmission of elec‘cricitg (transgormers)
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Clnarge @@L batter9

Total water in tank

[Coulomb]
Rate OF 1qow o{: water in a Esreny Q
, = —
pipe [Amperes] At
Potential V
Height of tank
[Volts]
Helght difference Potential difference Vi e o
Constriction of Pipe Resistance R
carrying water [Ohms]

Work done in Forcfng Work done in Pus]rjing, s S Q
water through apipe charge through a circuit

Rate of doing work is Rate of doingwork IS i o

power {watts} power P {watts}
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Resistance and Ohm’s law

1) i R =—0hmss=:3%)
1 CP

Other resistances

Vl = V2 e Potential clroP across R and current | are connected !39 Ohm’s law

%= (Vl 5 VQ) e b — ]2 X R Power clissipatecl in (Joule) ]’weatingacross R

=S e —— i e — P P o G i
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Resistors in “parallel”

l Vi
) i
T V
|
_|_
{7 Vs Resistors in “series”
VWAV VA
1 Note that the current |
] is common to both resistances.
2 1 VMM
\/ V3 RQ V2
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Comparing the two

i we take
e/ Ry=very small

\4

sma” most of

POWCF USCC]

most OF

Series
RT o Rl i RQ
R4
2 V2 3
ok R?r,
Ro
Pyt ae
& R%’

Parallel

POWCF USCCI Sma”

s e g————
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Tra nsmcormers

In all power generation schemes, the mechanical energy obtained bg one of several means, is used to

rotate the coils in a fixed magnetic field, and hence Procluce current.

} 5€condar9
<

4)

Erima ry
Wta nsFormers:

ore
Two loops of AC (not DQO) currentin close Proximitg transtorm Vo[tages

8CCOT‘Chﬂg to number O{: lOOPS

Prlmarg coil VP IS Voltage and NP is # of Ioops

Vo N = N

Seconclarg coll Vg is voltage and N, is # of loops

We can choose N, and N, and
Ve— Ve N ;

therebg manipulate voltages!
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R
Big V is the solution. B —= Péenerated X —

V2

Correct formula
Wrong formula

Vel xR Celegite

to calculate J From the given line Voltage ik ancl resistance R.

Keg Point is that the Voltage line has a Potential clroP across its Iength:

O V¢ (at the user end)

Vi (as given at the power Plant) <>

=S e —— i e — P e
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T-L
P_P Transmission Line User

(Power Plant)

Pp_p=Vp_p Xl1lp_p

Vp_p =12 500V
Lo ="F000A
Pp_p = 125MW
RTL =700 (Ohm)
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Solar Constant

E:.

Sun/Earth:

= 2 cal/min/ cm? (averagecl over the 24 hr clag)

fective Solar Constant = 0.5 cal/min/ cm?

losses in atmosphere @

ue to absorption amount to 5% so we get about 47% 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: Energg/ Area= Power x time/Area

P TR == — e— PSS —

Often given as kWH, /m?2

- - = - — = = —— O S
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A Sample Example:
Given that the clailg insolation is 1000 Btu/ﬁ:"-, how much area do we need
of solar Panel to heat up 100 ga“ons water bg T

Recall: 1 Btu heats one Pouncl of water 139 i Farenheit) and one ga”on weigl'xs 8 Pouncls hence
heat needed is

[l 8 [b Bt Bt
(et R Sl e e
day 1 gallon S FElh day
Need 56 Sq ft. Usua”g @C]Ciciencg is 50% so need 112 Sq ft.

Further ideas involve

°Trac|<ing the sun to maximize inPut

*Focussing light on Pipes that carry |iquicls rather than flat Panels. This way we utilize all the Iight.
* Converting solar energy to elec’cricity.

*Converting solar energy to Produce B~ Sl GO using catalgsis.

= e, = = P, = s
P S S = — P———— =y = = = L - e ——— PSR
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Photoelectric effect and P~njunctions and Photovoltaics

I%:ach cell ~ 27 dia and 1/16” thick- stack up some 50 of them to geta Voltage of 20/25 volts

From Sun

Glass casing /

N = tﬂPC Slilcon electrons / =

holes

i tHPC silicon LOA

o
o

w
3]
|
|

W
o

N
&)

Current (A)
— N
O o

—
o
—

T =60°C

o
(&)

o
o

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Voltage (V)

S — — o, P e T it i T, S MR e —
g, — ’A

O -
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Water power is conversion of Potential energy of water

to electrical energy, €.g. bg turning a turbine.

*80% to 90% efficient

°C9clical and weather (Precipitation) depenclent

°In UUSA currentig less than 7% of total usage from 50% in Pos‘c war years

Head= “h” the height of water

e ss Potential energy or water
E = Mqgh | energy of

g = 9.8 meter/sec’

: Exampie: Water clrol:)s N a hgdel Project with a head of 90 meters. How much water flow is needed to Produce 10

: kw power, assuming 80% conversion CiCFiCiCﬂCH?

e liters OF water How Per seconcl.

Hence mass How is x kg/ sec (using densit9 of water - d =1 kg/ Liter)
Power = energy /time =M gi'i/t = (M/E) gh
Power = x(kg/sec) X 9.8(m/8662) x 90m
— 1 x 882 kg m?/sec’

Watt = kg meter? /sec
= & X 332 watts

Next ec]uate these:

0.8 x = x 882 watts = 10* watts x = 14.17 Litres /sec
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River &ischarge rates:

Amazon = 219 Million Litres/sec
= 219,000 m? /sec (I m>=10% L)
=219 Mil L/sec

Ganges = 42 Mil L /sec
Stlawrence=10M L/s

Ohio -~ Missisippi = 8N /s

Problcm:

if we can clrop the Ohio river bg 10 meters, what is the generate& Power?

Power = 8 x 10° (kg/sec) x 9.8 x (m/sec®) x 10(m)
= 0.8 x 10° Watts " IGigawatt

Total energy per year = Power x 365 x 24 Watt hour

T'otal energy per year = 5.6 T'eraW att hour

Annual power generated SO ONIRNIH
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Wind power:

Plane==61 <1074

Pis the power in kw per square meter
and v the wind Velocit9 in meters per second.

This assumes that the surface is at right angles to the wind

> v2 from kinetic energy and v from amount of
wind Passing bg per second.
% 30 mph = 48 kmph = 13.33 meter/second

10 sq meters gives 2.37 kW

Thursday, June 2, 2011



How ocean power operates

Electricity
. created
@Warm seawater g 2 Saltless water
is converted \o=/ vapour turns
into water ! turbine creating
vapor by solar electricity
enerqgy .: \I\'\]\\;\I
Solar (7( (2 ((
enerqwn“.\ \\\ ~Evacuated Turbine
/. ///( rf__‘ evaporatlon /,::
Y AV AAAN chamber ;
W, Varm O
B O L seawater
Water
vapour
condensed
in chamber
creating
pure water
7
. wp- L wh- |-
Waste Desalinated
salt water water

T A T

n L e Lo
15
S 5 P
e e :

i we cool 1000 ga”ons of water bg
2ol the power generated 15 52 MW.
At 5% egiciencg this gives 1.6 MW output as

USEB]DIC POWCF.

OfHshore Plants could Procluce chlrogen that can be
transported bg shlps

Not a blg Player as yet, and rather cool response in (,15
to this technologg
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Nuclear Energg

*\/ast Possibilities

eMuch worry about saicetg, Part19 based on experience
eFurther ideas for safer harvesting

eNeed to know the basics:

236(] _> Kr +143 Ba+ 3n+ 199Mev

Fission reaction: Need to understand the sgmbols and concepts.

— — = = — -
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| EBinding = (T'otal energy of Z protons and N neutrons) — (total energy of nucleus)

Am = (total mass nucleons) — (mass nucleus)

Eiaim lC O{: = N nitro cn HUCICUS:
P 7 b

Nuclear Mass - A electron mass= 15.9992 u
Mass of nucleii (7 Pt n)= (.112%56+15.9992)u
Mass defect = 112356 u

Bincling energy = 1.004 10% J

10 tons of this substance gives 98 QBTU !
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Reactor Issues:

Chain reaction: neutrons + (J Procluces more neutrons

Controlled Chain reaction is a Reactor and is desirable for energy purposes

ggb U —>§g Kr _I_%gd Ba + 3n Some decays do not Producc neutrons but gjve
_|_ 199 M@U Photons I.E. gamma rays instead.

. Afew crucial facts are imPortant to assimilate here:

. Slow neutrons have a greater chance of Fissioning 254, The Probabilitg of Fissioning 1s 1000 times larger for
neutrons with energy .025 eV (300K) than with 1 Mev. Therefore the imPortance of “thermal neutrons”.
2. The emitted neutrons are very Fast, with energy of O(Mev) and these need to be slowed clown, in order to create
: next generations of fission.
§ 5. Slowing down haPPens with the help of “moderators”. Moderators are material such as heavg water or graphite
where the fast neutrons rattle around to get thermalized.

4. Need control rods to absorb neutrons that are Procluced, to Prcvent a reactor from blowing up.
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I ! r a
g g i ™ il el i g e g Sl il gl il 4 e W = i e e el g S g AR Sntarbmas sl Wl
L -

Y T |

1A moclerator IS a tan|< o1c some material that scatters neutrons

without absorbing them. Good candidates are water, gral:)hite,
heavg water.

Z.Control rocls are insertecl @ soak up neutrons ancl to stop the

processes. Control rod materials are good neutron absorbers-— Neutron
Boron coml:)ouncl work well o—
255(/] ° ; :
¢
IS OEOF

Control Rods
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Criticality:

Need a certain amount of 22U to sustain a chain reaction.

A SR
ZdbU —> KT +%§3 Ba + 3n
+199 Mev

In breeder tech reactors we also get into
n _|_258 U _>259 U

SRRl s < Ry B T

n +329 Pu — fission products + energy

Different uses weapons or reactors have different requirements of enrichment and criticalitg.

- - = —_— = = —— — e —_— = 5 - -
- == s - =y = = =
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Practice Finals

1. Two resistors with resistances 2 Ohms and 3 Ohms are connected to a
10 V battery,
(a) in series
(b) in parallel.
For each case find the voltage drop across each, and the amount of
Joule heating produced in each resistor.

2. A power plant generates 1000 MW which is transmitted by a power
line that carries a current of 500 Amps. If the end voltage is 800,000
V what is the resistance of the line?

3. A hot-tub heater with resistance of 20 Ohms is used in a household
with voltage 115 volts, for 2 hour every morning. Assuming that it
is used to heat up water at 70% efficiency, and that the temperature
boost required is 50°C, what is the quantity of water used each day?
What are the electricity charges for this usage per month? (Assume 25
cents/ kWH charges).
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4. A car wash needs 500 gallons of water a day heated from 50°F to 100°F.
How large a solar collector would be needed to do this? The incident
insolation is 1000 Btu/ft* and the collector efficiency is 30%.

5. A hydel project has a head of 90 meters. Calculate the rate of flow of
the lake needed to obtain 1 MW power working at 80% efficiency. If
the velocity of water in flow is 20 kms per hour, what is the area of
the lake? Here the volume flow rate is related to the velocity and the
area, by imagining that the lake flows at a steady rate with the surface
water discharged into the dam.

Area x velocity = volume /time
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Physics 2
Elementary Physics of Energy

Practice Final Solutions

1. Two resistors with resistances 2 Ohms and 3 Ohms are connected to a
10 V battery,
(a) in series
(b) in parallel.
For each case find the voltage drop across each, and the amount of
Joule heating produced in each resistor.

Solution:

(a) For resistors in series, the current is the same in both. To find the
current in the system use the relation V; — V3 =V = I(R; + Ry). Since
V =10 Volts and R; + Ry = 5 Ohms, then I = V/(R; + R;) = 2 Amps.
Now the voltage drop across each resistor can be found from V = I x R,
so it is 4 V and 6 V, for the 2 and 3 Ohm resistors, respectively. Note
that the sum of the voltage dropped across the resistors is equal to the
voltage of the battery.

The power dissipated across each resistor (Joule heat) is P = AV x I,
hence 8 and 12 Watts. (Units: The units of Volts are Joule/Coulomb
and Amps are Coulombs/sec)

(b) For resistors in parallel the voltage drop is the same across both,
and equal to the battery voltage, i.e. 10 V.

To calculate the power, first find the current through each resistor. The
total current in the system is

1 1
]:VX(E+E):8.3AmpS.

Because V=1L R, = 1Ry and [ = I + 15,

Ry
——— =83
e 1) X2+3

Then Iy = I — I, = 3.3 Amps. So the power is 50 W for the 2 Ohm
resistor and 33 W for the 3 Ohm resistor.

=T =5 Amps

2. A power plant generates 1000 MW which is transmitted by a power

line that carries a current of 500 Amps. If the end voltage is 800,000
V what is the resistance of the line?

Solution:

First, find the initial voltage:

102 A
500 A

The voltage dropped across the line is V; —V; = 2,000, 000 — 800, 000 =
1,200,000 V = 1.2 MV. The resistance can then be found from Ohm'’s
e VAl ul et il (1 25100 9/) 7 (500 A= 2. 400 O hmis'

Ve = N0 V=S

. A hot-tub heater with resistance of 20 Ohms is used in a household

with voltage 115 volts, for 2 hour every morning. Assuming that it
is used to heat up water at 70% efficiency, and that the temperature
boost required is 50°C, what is the quantity of water used each day?
What are the electricity charges for this usage per month? (Assume 25
cents/kWh charges).

Solution:

Let the mass of water be m kG. Calculate the total amount of heat
energy required to increase the water temperature by 50° Celsius using
the formula AQ) = mass x heat capacity x temperature dif ference =

R gy el D (R AL g e S0 Gt O O T

By inserting Ohm’s Law into the equation for Joule heating one ar-
rives“at the formula P = V2/R = (115 V)?/(20 Ohms) = 661 W =
661 J/sec. So in two hours the energy used 2 hours x3600 (sec/hour)x
661 W = 4.8 x 10° J. Since the efficiency is 70%, the amount of heat
actually absorbed by the water is Fyzeq = .7 X 4.8 x 10% = 3.3 x 108 J.

Then equate the two expressions and solve for the mass:
T A ey 0 RY ee7 p de  k 1 BCT)

3.3 x 108
m=_———oro
2.10 x 10°

The cost of usage is found from the energy drawn by the hot tub,
i,e. 661 W = 0.661 kW. Thus each day 1.32 kWh are used, so in a
month that’s 1.32 x 30 = 39.7 kW h. At the given charges this will cost
39.7 x .25 = 9.92 $§ per month.

e PG
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4. A car wash needs 500 gallons of water a day heated from 50°F to 100°F.
How large a solar collector would be needed to do this? The incident
insolation is 1000 Btu/ft* and the collector efficiency is 30%.

Solution:
Find the amount of energy required to heat the water using the formula
AQ = mcAT, i. e.

500 gal 3 8 lbs 3 1 Btu
day Gab== 1B

x 50°F = 2 x 10° Btu

where the specific heat was chosen in convenient units. Since the col-
lector is 30% efficient it is only able to capture 300 Btu/ft?, so the

o 5
necessary area is % — (A

5. A hydel project has a head of 90 meters. Calculate the rate of flow of
the lake needed to obtain 1 MW power working at 80% efficiency. If
the velocity of water in flow is 20 km per hour, what is the area of the
lake? Here the volume flow rate is related to the velocity and the area,
by imagining that the lake flows at a steady rate with the surface water
discharged into the dam.

Solution:
Energy = mgh and Power = energy/time = mgh/t = (m/t)gh where
m/t is mass per unit time, hence the flow rate. So

Power = x(kg/sec) x 9.8(m/sec®) x 90 m.

The actual power required, taking into account the efficiency, is (1 x
106 W)/(0.8) = 1.25 x 10° W. Put this into the above and solve for
the flow rate.

a5 105
& 9.8(m/sec?) x 90 m

=AWk G sec:

Note that the units of Watts are kg - m?/sec®. The density of water
is 1000 kg/m? so the flow rate is 1.42 m?/sec. To find the area divide

’ ; . ik A o«
: this by the velocity, which is 24%&m » LI — 56 m/sec, so
1.42 m?/sec _ A
5.6 m/sec
; 3
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PRI ——— o e i Tl T T e i — : - - i - S — o T S S
— 2 = P =

54213, 1
20+ 273

) X 3 =0017=1T7%

1. ¢, 10000k 5 9 8% x 150m x 0.85 = 1.25 x 107 W electric, or 12.5 MW,

§. d. The power in the wind is proportional to the speed cubed. If the speed is tripled from 3 mph
to 9 mph, the power is increased by 3%, or 27 times. The new power is thus 27x5 kW = 135 kW

4.
EEEUM —l-lgg Cs,, +§$ Rb,, + 6n

18. One plant that makes enough plutonium for 20 bombs generates the following energy in a
year:

ﬂx 365.3 day » 24 hr
MW ur day
Dividing this result into the total energy generated worldwide gives an effective number of
1000 MW power plants, so:

1000 MW x 1000 x Lyr = 8.77 x 10°kWh/yr

24 % 1011
B.7T = 109

20 bombs x = 5,475 bombs!

Thursday, June 2, 2011



