FUNDAMENTAL FORMULA

Work

Force X Distance e.g. Weight X Height
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DISTINCTIONS

In thig course you should learn the differences bebween:

Speed and velocity
Velocity and acceleraticn
Work and effort
Mass and weight
Force, energy, and power (They don't all just mean "vigor".)
Law and Theorem
Machine, motor, and engine
Motor anﬁ generator
Fngine and refrigerator
Heat* and temperature {("It"s not the heat: it's the temperature",)
Heat¥® and work
Energy and entropy

~ Accelerator and reactor
Thermal and fast nuclear reactors

Fission and Fusion

# The word "heat" really should be used only as a verb (and not as a nom):
"To heat" and object is to add to it energy in random (i.e. disorganized)
form, as we shall learn in great detail.
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BASIC UNITS

Physica 115

System —= uks (SI) British Eng'g (fps)egs

Quantity

time gecond second second

length meter foot centimeter

foree Newton pound dyne

nasy kkilogram slug gram

work or energy Joule (=Nm) foot-pound erg

power Hatt(.E%E} horsepover exrg/sec

{1hp=550£§agﬂ;§kﬂ}

g 9.80 m/sec? | 32.2 ft/sec? | 980 em/sec?
ENERGY UNIT Abbrev Magnitude in Joules
electron volt eV 1.6 x 1019
million electron volt He¥ 1.6 x 10713
billion electron volt GeV 1.6 x 10-10
erg (cgs unit) 1077
Joule (mks unit) J 1
foot pound {(fps unit) Et-pd 1.356
calorle (heat} cal 4,184
British thermal unit (heat) Btu 1055
kilocalorie = food calorle = Calorie (heat) keal 41B4
kiloWatt hour kvh 3.6 x 10°
therm=10° Btu [100 £t methane] (heat) 1,055 x.lﬂg
*Quad [-quadrillion (1019} Bru] Q 1.055 x 1018

*Romer’s book was written before the definition nf the ¢ was standardizéd.

His ¢ is 1018 Bru.
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Physles 115 froblems vl igiy
"Phydlcs 1o Lhinking very hard aboul dery Sinpte Lhiriga'. :

L written sclubian to each of the folloWing probless s Lo be comnpleted by
each student, by the end of the zemsster.

Solutions are to be kept in a 8 1/2 x 11 binder, one problen to a page.
You may De asked Lo show your problem wark Lo dats, on short ool low.
Solutions put into your binder are to be neab apd legible,

It 12 up to Lhe studert to De aure Lhat solutions in nershis bitdes aro
correct and complete. {Do not wait for your probleme to be ogrrecled:
they may be only graded). {You do not understand a problem wnbil you

are sure whether or nobt you have soclved ikt.)

You may ask gquesilons about any problem at any tiwe tand T really do sdpeen
yau to do 3o: most atudents will need help on most of the Jroblens. )

(laos #5 M /4550 87
A)m/»yﬁw 2,3 % vg
Physics' 115 prob¥éys .. .4 ‘
| @WWW Gg««W% bt
Tf {a) How mar t do you bravel eadh aecn an FopArive av a sj=ed

of 30 ml/hr?

{b) There are f40 acres in a aquare mile. a mile = 5283 ft. If a plot
of ground 13 3quare and has an area ¢f 1 acre, how many feet 13 it
on a aldae? :

(£} The hectare is defined Lo be an area of 10000 square netera {0
¥ 100 m)., It is sometimes called "fthe wmetric aore.”™  How mony
agrea are there in a4 hectara?

fdY The 1500-meteér race i3 often called "Loa wobedio wtle.™ 13 this
distance greater or legs than & mils? Wil Ly fhe péraent diffec...»or

The apeed of light (in vacuum or, practlaally, inoaic) o .00 & 1ﬂ5mfnvv
How long would 1t taks to go

fel arcund the earth (radius 6.4 miLJiD$ metor ] refisclea Ty miveors, may?
{f} from the zun ko the earth (1.5 x 107 meger]?

{g) When the congreaa appropristes $1 willlon for gomething, oW MR ksl
per capita iz this in the U7
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problems

2. I hold a

> 1b. box at rest,

(a)
{b)

(c)
(d)
(e}

(£)
(g}

are the
are the

What
What
me?
What are the
on the box?
What are the
the earth?
What are rthe
eatrth exerts

magnitude and direction
magnitude and direction

magnitude and direction
magnitude and direction

magnitude and direction
on my feet?

What is the total force on the hox?
What is the total force on me?

of the force
of the force

af the force
of the force

of cthe force

I exert on the box?
the box exerts on

the earth exerts
the box exerts

oo

the surface of the

Now instead I lift the hox vertically upward by a distance of 3 feet at
constent speed,

{h} What are the magnitude and direction of the force I exert on the
(i} What are the magnitude and direction of the force the box exerts

me?

{1} How much work do I do on the box?
{k} How much work does the box do on me?

box?
L i1 ]

New I carry the box horizontally for 12 feet at constant speed.

(1) What is the magnitude and direction of the force.l exert on the box?
{m} What iz the magnitude and direction of the travel of my hand?

{n) How much work does my hand do on the box in-this horizontal trip?
{o) How much work does the box do on my hand in this trip?

Finally T lower

{p)
(q)

(r}
(sj
{t}
&)

{w)
(x)

the

What are
What are
me?

What are
the box?
What are the
the earth?
What are the
earth exerts

the
the

the

box vertically downward

and direction
and direction

maﬁﬁitude
magnitude
magnitude and direction
magnitude and direction

magnitude and direction
on my feet?

¥hat is the total force on the box?.
What is the total force on me?

How much work do I do on the hox?
How much work does the box do on me?

at
of
of

the force
the force
of the force
qf the force

of the force

congtant speed by 3 feet,

I exert on the box?

‘the box exerts on

the earth exerts on
the box exerts on

the surface of the

How cansider the net result of all uf_the three above motions.
{¥) What is the total work done by my hand?

(z) What is the total work done by the box on my hand?
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3. A 4-kg object 1s on a smooth F=12N '

{no frictign) herizontal =4kg
surface. A4 constant horizontal
force of 12N is applied to it

for a time of 2 zeconds., It
starts from rest,

(a)
{b)
(c)
{d)
(e)
(£)
(g)

At

{h}

What is its final speed?

What is its average speed (during the 2 seconds of acceleration)?
What is the toral distance traveled?:

What was the initial kinetic eneray?

What is the final kinetic energy?

How much work was dome by the agent exerting the accelerating force?

What average power was used?

the end of the 2 seconds the force is removed,

How will the distance, speed, acceleration, and kinetic energy
behave from then on?

4. A 5-kg object falls freely from rest for 2.5 seconds.

(a)
(b)
(c)
(d)
(e)

Wﬂat is its final speed?

What iz its average speed?

How far does it fall?

What. iz its final kinetic energy?

How much potential energy does it loge?

3. Estimate the volume of your body by dividing your mass by your density.

[Your

density is very nearly that of water, since you almost {or jusft

barely float 4in water.] Are you surprised by sfize of vour answer?
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6. M mass of 18 metric tons (M= 1.8 x lﬂ4 kg) is being raised vertically
upward at a constant speed of v = 0,10 m/sec by a lift.

(a) What is the acceleration of the mass?
{b) What is the total f{or net) force on the mass?
{c] Is the kinetic energy changing? If not,what is its wvalue?

{d] Is the potential energy of the mass changing? If it is, what is the
rate at which it is changing?

{e]'What is the force exerted on the mass by the lift (magnitude and
direction}?

(£) What is the force exerted on the 1ift by the mass {magn1tude and
direction}? .

(g) What is the force exerted on the mass by the earth (magnitude and
‘direction)?

(h) What is the force exerted on the earth by the mass [magnitude and
direction)?

(i) What is the power being supplied by the lift?

'(j) How can the lift be doing work on the mass 1f the net force on the
mass is zero?

7. A mass M= 2,00 kg starts at rest. An upward force of 39.2 N is applied
to it by a lift for 2 seconds, and then the upward force exerted by the

B

lift is decreased to 19.6 N {still upward} and continued for two more seconds,

+t ? {a) Vhat is the total (or net) upward force on M during the first two seconds?

o (b) What is the total (or net) upward force on M during the second two
seconds?

£V (c) What is the upward acceleration of M during the first two seconds?

& (d) What is the uﬁward acceleration of M during the second two seconds?
fi (e) What is the average upward speed of ¥ during the first two secunds?.
= (3 (£) What is the average upward speed of M during the second two seconds?
> (g) By what height doés M rise during the first two seconds?
¢ p (h) By what height does M rise during the second two seconds?

Sdax i (ij What 15 the work done by the lift in the first two seconds?
'; se i (§) What is the work done by the 1ift in the second two seconds?
#yp (k) What is the K.E. of M at the end of the first two seconds?

£iti0 (1) What is the K.E. of M at the end of the second two seconds?
iy (m) What is the increase of P.E. of M in the first two seconds?

%1 (n) What is the increase of P.E. of M in the second two seconds?
13 40 (0) What is the total change in the energy of M? '

I!ﬁgfﬁ[P] What is the total work done by the 1ift?
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8. What is the maximum electric power that could be generated at a waterfall
with a height of 30 m and a flow of 20 m® of water per second? One cubic
meter of water has a mass of 1000 kg.

9, A conveyor-belt raises 3-kg balls through
a height of 20 m. It delivers 8 balls
per minute from the lower level to the
higher level. (The balls rell on to the
belt at the lower level and rall off at
the higher.]

{a) By how much does the belt increase
the potential energy of each ball
that it raises?

o .

(b} What power is the belt-driving
motor supplying?

10. An eilevator car and jts passengers have a total mass of 1504 kg. The elevator
car is moving upward st a constant speed of 5 m/sec.

{a) What is the value of the total kinetic energy?

(b) How much does the total gravitation potential energy increase each second?

(¢} How much power must be supplied to drive this elevator upward?
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\ ————iy I”1=5kgl

11. A mass M = Skg, starting-from rest,

i pushed along o frictionless horizontal surface 5, by a constant horizontal
force = 100 Newton, through a distance of 2.5 meter.
{a) How much work iz done by the force F?

{(b) Whart is the final kinetic energy?
(c) What is the final speed?
(d) What is the value of the acceleratian of the mass while being pushed?

{e) Br how much does the G.P.E. incrgase?

Now, instead, the same Skg mass, starting from rest, has a M=5kg
vertically upward force of 100 N applied to it through a
distance of 2.5 meters.

100y

(f) What is the net upward force on the mass?

(g) What is the value of the upward acceleratlon of the mase?

{h) How much work is done by the force?

(1) How much does the gravitational potential energy of the mass increase?

(i) How much does the kinetic energy of the mass increase?

{k) What is the final speed?
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12. A object is dropped from rest through a height of h.

Prove from the comservation of energy that, if

there is no friction {(gir resistance), then the =speed
at the bottom is

v =#23h

Wotice that this speed depends on the height, of course,
but it does not depend on the mass of the body!
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3.

14,

p v
4 % kg ball is thrown straight up with )
an Initial speed 39,2 m/sec, at the ' 4.3 Ve
very edge of a 50 m cliff, as shown, : 2 I
{a) How many zeconds later does 1t stop '
at the highest point of its flight?
{b) What was its average speed on the way
up? '
(c) How high does it rise above the top of $0m
the cliff?
{(d} When will it pasz the top of the cliff
on the way down?
{e) How fast will it be traveling at that time? *
(f) When will it hit the valley floor? —_— i e
(g) How fast will it be going then?
(h) Whar are the values of the kinetic energy: at the beginning, at the top,
back at the level of the cliff, and on the valley floor?
(i} What are the values of the G,P.E. at these same points?

Suppose how, instead, that the ball had been thrown

(a}
{b}
(c}

(d)

downward with a speed of 39.2 m/sec from the edge of the cliff.

How long will it take to hit the valley floor?
How fast will it be going then?

What are the values of the kinetic energy at the begioming and on
the valley floor?

What are the corresponding values of the G.P.E.?

4 block of mass M is held on a smooth {no friction, very
slippery) incline of height h and length d, as shown,

(a)

{b}

(c) -

(d)

(e}

How much force up the incline is required
to hold it in place?

How much force up the incline is required
to move it up the incline at constant speed?

What is the reotal work required to move it
through the distance d up the incline at
constant speed?

What is the work required to 1ift the block
through the height h?

Prove that the answers to {c) and {d} are the zame and explain,
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FHYSICS 115 AM

Exam #1
Wed 9 Oct BS

Closed book. 50 minutes, 5 questions.
Write ¥our answer ta each question directly on these sheests,

Information you might want:
The acceleration of gravity near the surface of the earth is

g = 9,8 nfsec?

The force of gravitational akttraction is

_ oM Mo
Fﬁfa# - EWEd;zjz

and

G :-%-K-lﬂ_lu in mks units {the ones we use),
Radius of earth - 6.4 X 10® n
Mass of earth 6.0 X 107" kg

Earth-Sun distance 1.5 X% 10"' m




& 20 kp mass is being lifced vertically

upward with a constant speed of 3m/sec,

(a)

{b)

(c)

(d)

(e)

®

= .?ﬂ”/{‘.u

How far upward does it move in one second?

a?ﬁ?{q

What upwaisd Lok iomrod b el gk et

re f(e ?Jﬂn;‘, M; )‘4{' rg/.,-?

How much does the gravitational potential energy increase in one second?

How much does the kinetic energy increase in one zecond?

How much work dees the raising force do in one second?

What power is required for the lifting?

—_




2.

A baseball is hit straight up from the ground, starting up with a speed of
35misec. WNeglect the effects of air resistance.

{a) How high does it go?

(b) Hew long a time does i:-—take._m_r.etuut—m—t.ha—gmuadli-
Yo wlete Yojo Sibe Grice oy # Pl dun)?




NONONRNN N NN

4 simple pendulum is pulled out from its equilibrium position E (at the
bottom of the swing) to a position where its height is 5 cm, as shown,

The pendulum is released from rest at this position. With what speed will
it pass through the equilibrium point, E?




L §

L

Y.

//F):’J.v

ﬂ#é%

Zalse

& 10kg mass can slide along a smooth (ne friction)
table and iz attached by a pulley to a 5Skg mass that
can move downwards, as shown. The twe masses are
released from rest. The kg mass falls to the floor,
pulling the 10 kg mass herizentally.

{a) How much gravitational emergy is givwen up by the
time the 5kg mass hits the floor?

&y

{b) How much kinetiec energy do the two masses share
just at the instant before the kg mass hits Hloar
the floor?

{c) What is their speed just before the kg mass
hite the floor?




53, The Eartﬁ travels around the Sun in a nearly-circular orbit of radius
1.3 x 10,
{a) What is the speed of the Earth in this orbit?

{b) What is the magnitude of the Farth's acceleration?
magnitude

(c) What is the direction of the Farth's acceleration?

(d) What force supplies this acceleration?
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Physics 115 Problems

8 misec
15. A cart moving with a speed of 5 m/sec 7. | -
rolls off the edge of a horizontal b \
table 1.2 m high, as shown, What is ld N \\
the horizontal distance (%) travelled ¢ : |
before it hits the fleor?
L"-—b“'—-_ﬂ't
"
16.
5 mjsec
y —»
ﬁ--l-l‘,
I e Y
™ I
at, | AN
Lt F*p | N g \\
i \ ~
I A 4

4 person runs with a speed of 5 m/sec horizontally off the edge of
a ¢liff, hoping to land on a Ttock 2 m below and 4 m away (horizon-
tally), as shown,

{a) What time will the horizontal travel from cliff to rock take?
{b) How far does the person fall (vertically) in this time?
{c} Does he make it?

{(d) How car he do better?




Physics 115 Problems

17.

18,

19,

(a)

{b)

What

(a)

(b)

{c)

Find the speed and period of a low-altitude earth satellite,

Find the speed and altitude of a synchronous earth satellite,

is the speed of the Earth in its orbit around the Sun?

Find the escape speed of a projectile from {the surface of)
the earth,

Find the escape energy of a 100 kg projectile from the surface of
tEhe earth,

Estimate the minimum enerpy required to get a 100kg payload
from the Earth to the Moon,




Physics 115 Problems

VA ey Olang #2

20,

21,

4 mass M moves in a horizontal circle
of radius 30 cm at the end of a }ight
3¢ em string attached to the ceiling,

as shown.

S S
fa} How much vettical acceleration does the mass have?
(b} How much tangential acceleration does the mass have?
{c) How much radial acceleratlon does the mass have?

{(d) What is the speed of M in its circular motion?

{£) What is the period of the motion?

{f} Is the kinetic energy of M constant?

{g) Is the potential energy of M constant?

(h} Is the total energy of M constant?

Why are races run calunterclockwise (looking down) around a track?




Physics 115 Problems

72, Conslder a 100-Watt, 115-Volt incandescent lamp (light bulb),

23,

24,

What is the.current through the lamp?

What is the resistance of the lamp?

Angwer the game two questions for a 50-Watt, 115-Volt lamp.

What is the cost, at 7¢/kWhr, to leave a 100-Wart light on for 24
hours? How mich energy did you use up? :

How fast can a 10 kg object be raised, at constant zpeed, by the
power from 2 Amp of current at 110 Volts?




PRYSICS 115 HAME

Exam #1
Fri 2 Oct 87 S _
Closed book. .50 minutes. 35 questions. _ ;Ef

fH A Wi Auf

Yrite your answer to éach guestion dirﬂctly on these sheets. 4’224V£ﬁ £1+f Jiﬁ/;
£ CPbia;AQ, /tuZi:
Int i igh t
nformation you might want _ /A f: . zp ,./Z;,/%

The acceleration of gravity near the surface of the earth is ?"H £
g = 9.8 m/sec?
The force of gfavitatiunal attraction is
Farav = Gm
and {dlﬂz
G = % X lﬂ"lﬂ in mks units (the ones we use).
Radius of earth 6.4 x 10°
Mazs of earth 6.0x lﬂzn kg
Barth-5un distance 1.5 x 1011

1 mile = 1609 m







& Fecteyim a.Eacf' §

1. In class you saw - o ____O
a ball fired from a fo - -
gun aimed directly
at another ball.

(a) What happened?

{b) Why did 1t happen? (What is the point of this demonstration?)

{c) How was it arranged that the two balls started at the same time?







2. A ball is launched from the ground
with & horlzontal speed of 40 m/sec

and a vertically upwatd speed of 30 m/szec.
S‘w«f%am,ﬂm

Fir e

(a) How much time iz taken for the ball to reach its highest peoint?

A{MJ‘M& 7‘%0&0&1!

{h) How far does it travel hurizontalli?







3. ' _ A mass slides from rest down

PHH a smooth plane past a
g m f’b point P.
B ™ T
Total distance travelled = 7 m

Horizontal distance travelled = 6.3 m
Vertical distance travelled = 3 m

6,44,;1 b

(a)} How much potential energy was lost when the point P vas péssed?

{(b) V¥ith what speed did the mass pass point P?







4. (a) How far up will the 3 kg

ma=s maove when the end E of

- f;ftd;?ﬁffij

a .fr'i:nf/e ',#J'ﬂ‘f
'f fﬂ,c

the rope is pulled down 4 meters?

‘? P _...._Jg,,...r;q.; }&ffeﬂq

(b} What dovnward force applied to the end E of the rope will be
required to hold the 5 kg mass at constant height (if there is no
friction)?

(¢} What downward force applied to the end E of the rope will be required
to maintain the 5 kg in uniform upward motion with a speed of 2 m/sec?

{(d) What iz the value of the input power (at E} in part {c)?

(e) What ig the output power (to the 5 kg mass) in part {e)}?







{a)

(b)

(c)

(d)

(e)

(£)

(g)

(h)

Masses are connected
by a rope B over a
weightless and frictiomless
wheel ¥ that is free

" to tutn, as shown.
Thé masses are brought

to rest and then released.

which way will the 5 kg move? (up or down?)
Vhich way will the 2 kg move?
Vhen the 5 kg moves by 2 meter, how far does the Z kg nove?

¥hen the 5 kg moves by 2 meter how much does its potential
energy change and which way {increase or decrease)?

When the 2 kg moves by 2 meter how much does 1ts potential
energy change and vhich way (increase or decrease)?

How much and which way does the total potential energy
change (when the 5 kg moves by 2 m)?

How much and which way does the total kinetic energy
change (vhen the 5 kg moves by 2 m)?

what is the speed of the 5 kg after it has moved 2 meter from

.rest?
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Fixed conductor that temporarily connects oppesite
tips whila they are still near the electrodes.

TIp near the negative electrode goes positive and
the tip near the positive electrode goes negatlve.
[T.e: electrons flow from upper left to lower rlght.]

{over}
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Physics 115 Problems

29. A battery has 0,030 iaternal resistance.
If it is attached across an external .50
ohm resistor, as shown, then:

{a) How much current flows in the circuit?

{t) How much voltage drop is there across
the external load resistor?

{c} What fraction of the battery's power
is golng into the load?

{d) What voltape applied to the terminals
is required to charge the battery
with a current of 10 Amp?

T ——— - P

(E} Pover from charging hagtery?

N —
(f)} Power to .0307 /; /’(

AT

reiktar 30
s

. #_’_ﬂ,,..-w’”'

(:LmifihmPower to chawge the l:-att&:lrj-r?}:‘V‘-'r

e ———




Phygics 115 Problems

30,

TR e a

V
' line e

t Ro

F (Pout)

{Pin) ) Er

A long transmission has a total (round trip) registance of 508, The input
power from the wvoltape ¥ at the left end iz 2 Mega Watt,

(a} If V = 40kV, what fraction of the input power is.dissipated by
the resistance of che line?

{(b) Answer again if ¥V = 400kV,

31.  An electron is moving at speed v = 3 x 10%m/sec perpendicular ro a
magnetic field B = 3 x 10°° Tesla, What is the radius of its "cyclotron
motion"? [charge = ~1,6 x 10 '? Coul, mass = 9,1 x 10 *kg]

32. A waterfall has a height of 60 meters and a2 total water flow of 1500
cibic meters per hour. How many amperes of current at a voltage of
50kY could be generated by this fall?

33, How many kiloWatt hours ¢f electric emergy is required to heat 8 liters
of water from 68F rto 120F7
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25, /f'.". -?/
/__f . .
?
( oV "'de'”; v) i:_,_e ' rn

ff 1S

.

(a) How much current flows through the middle one-ohm resistor when
the gwitch 5 is open, as shown?

Now the switch § is clesed,

fb) How much current flows thruugﬁ the middle resisfar?
{c) How much current flows through the right resistor?
(d) How much current flows through the hattery?

(e) What power is supplied by the battery and what power dissipated
in each resistance?

26, fa) {a) Find the current in each resistor.
T . (b} Power from each battery.
+ A1t +
Joavy 1 T foy {c) Power to each resistor.
-7 - = A
() ~7 e Ho {a) Find the current in each resister,
. {b) Power from each battery.
IS T W
oy 2 - o {c¥ Power to each resistor.
,T -
I
27. {Optional Harder Problem)

Find the current in each resistor
and all powers,

fav




Physics 115 Problems

28,
r r | | I
tiov L. % St S, S too 52060
_ 2000 W 200 W 100 W [60 W 200W
HEATER TV CofFEE [ LAMP [ LAMP
Pol

+

Find the resistance of each appllance and the total current
through the haktery when:

{a) Each aswitch (alone)} is closed,
(b) When any two are closed. |

{c) When all five are closed,
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Physics 115 Problems

- 14,

35.

If a battery contains 10 kilomole of energy—storing chemical, that
is 6 x 10%7 moleuules& and if each molecule can store 1/5 electron—
Volt (leV = 1.6 x 107 ** Joule) of energy, for how long a time can
thig battery supply 25kW of power?

A large "step—down™ {in voltage) transformer - has
input power 2000lW at primary veltage 3300V. The secondary feeds
a resistive lpad at 550V,

T -1-
3300V 556 V R
h=a

If energy losses can be neglected, then whar are:

(aJ' Input (primary)} currenc?

(b} Turns ratio?

{c) Secondary current?

{(d) Resistance of load?




Physics 115 Problems

36. Why do you get a worze burn from picking up a piece of hot metal than
a piece of wood at the same temperature?

37. Methane flame is 2240K. Fe melts at 1808K, Why then doesn't your
iron frying pan melt on your gas stove? :

38. [Problem 6.17 or p 237:] How much is the temperature of the water
in Niagara Falls {190 ft) raised by the conversion of G.P.E. into K.E.
and then into T.E,?

39, How much thermal energy is there in 1 m® of He (gas) at 1 atmosphere
(p = 1.0 x 10°N/m?) and 20 C?

40, Find the total mass of the earth's atmosphere. [Hint: You need the
values of (1) atmospheric pressure, (2) surface area of the earth,
and (3} acceleration of gravity. ]

41, How does a hot-air balleoon work? [Hint: The "skin"™ of the balloon
is "limp": the pressure 1s the same inside and outside. ]

NOTE: The connection between problems 41 & 42

42. Congider heating the air (pV = NkBT) in your house, TYou turn on the
furnace and the temperature goes Up. However, p remains at 1 atmosphere
and V changes only negligibly, Thus pV stays the same, but T goes
np. How can this be?!

The thermal energy in the house air
3 .
T.E. = Epv
remains unchanged!

Where did the thermal energy from the furmace go? Why did you turn
on the furnace?

r
It's not the heat, it's the temperature.
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_Physicy 115
Exum #2 KaMl

7 Nov. 84

acceleration of pravity = 9.8 mfsecz

(a) How much electric currént is flowing in this circuitk?

(b)Y How much voltage is across the 5-ahm resistar?

{c) How much power is the battery supplying?

(d) How much power is being consumed in heating the 7-ohm resistor?




2. {a) Whal is the distinction belween an electric motor and an eleciric
generatur?
{b) Describe, as well as you can, how an electrical generator works, (It's OK

to base your discussion on the demonstration in which we cranked a loop of
wire around bertween [wo magnets.)

IS D
v ,' ot I ) F
"7 |

f o7 ey ol eSS T

An electric motor is being used to lift a 3-kp mass, as ghown .

The power input to the motor is 60 Warr, and the input voltage ¥ is 120 volts.

You may assume that the motor itself wastes no energy.

{a) What is the value of the electric curreat being fed into the motor?

(b) What is the mpeed v with which the 5-kg mass ig beinp raised?

5. Consider an 800-Wart hair dryer. [How much does it cost you to use it for
20 minutes, if a kWhr of electric power costa 7 cents?




4, {(a) At right is a point charge {,
Skerch directly on Lhe
diagram the direction and
size of cthe electric field
from this charge in the apace
arownd ik,

(flomment as you see Fil,)

.,

{b) At right is a long straight
wire carrying a steady
electric current I upward,
Sketch directly on the
diagram the magnetic field
from this current.

{Comment as you see fit.)
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The five "states of matter"

_ 1 oplasma {hottest)
. 2 pas
The classical thrég ——————iyp 3 liquid T Hipher temperature
4 solid
5

“superfluid . {coldest)

Plasmas and superfluids do not occur at "ordinary" temperatures and pressures.

The gaseﬁus state is, by far, the zimplest; because in that state each
molecule is by.itself mast of the time. ({(That's not true of a plasma, because
the plasma involves a mixture of positively and negatively charged particles

and these charges can exert forces on one another through long distances.)

Superfluids are Hell and superconducters.

"System" and "State": two very common and general words in physics.
System: The entire physical object you are digcussing.

State:. - When you give the "state of a system” to tell all you know about
the precise condition it 4is in. '

Yarions kinds of energy: Kinetic, Gravitaticonal Potential Energy, Electric
Potential Energy, Mechanical Potential Energy {(as in a spring)}, Chemical Energy,
Nuclear Energy, Thermal Energy.
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Low-cosk, no-cost ways
to save energy dollars

Winter's on the way. That means it's time to
hawe your furnace checked by a professional, -
caulk and weather strip doors and windows,
and put on storm windows, Thess ave proven
energy-saving actions you probably taks
every fail.

we'd likz bo suggest a dozen more kow-cost,
no-cost actions that add up to greater snergy
savings. Include them on your “Get Ready for
Winter” list

1. Place your waterbed where the winker
sun will shine on it to belp warm the water
naturally,

2. Insulate your waterdbed. .

3. Seal your room air conditioner using
tem oy caulk and tic or a special cover.

Ho._m.pg:rm electric Ehmn_u..,__,mnﬁ the inside,

5. Check the dryer vent on the cutside to
mmake sure it's not shick cpen.

6. Insulate your standard model water
heats

7. Install lew-flosw shower head and faucst
aerators.

. B. Insulate the first five feet of water heater
pipes or install heat traps.

9. Churst ali light bulbs.

10. Replace cider ight bulbs with new ones
that are more energy efficent.

11. Check the glazing compeund around
windews for cracks, missing sections and
Inose-filting glass. Replece the compound if
vou And problems.

12, Make sure heat registers and cold-air
returnz are not blocked by furnibure or drapes.

If you rieed advice on how fodo of
these tasks, stop at the MGE Energy Center at
5 N. Finckney St. or call 252-7097. Stay warm!

Hurry to apply for
gas conversion rebates

T# you've thought about converting o nat-
nral gas for space heating or water heating,

. act now.

Thare is still ime to buy and install encrgy-
efficient equipment and apply for cash rebates
Erorm 150 for a fumace o boilerand -
$50 for 2 water heater.

Bazt huiry! To be eligible,
to natural gas and buy the
wakber heater betwesn June 1 and Nov. 30, The
equipment must be installed by Dec. 11

Gas furnaces mast have an AFUE of at least |
83%; gas boilers, an AFUE uf at least 7B, !
and gas water heaters, ASHRAE Standard 90
model. In addition, homes must pass a natuzal !
gas comversion checkup to be eligible. :

If you received a rebate for one typeof
equipment in e past, you may sull qualify
for a rebate on other equipment this year.

For more information, call 2527222,

.......

u must convert .
ce, boiler or

M - - —
.o} When are heating degree days,  :.0 | |
A1 on MGE billsi T« - =i vie o
o PEA. Heating degree day information is -- 3 -
g printed in the lower left comer of your ;23
| bill beginning in October and continuing 3 -
Hroughout the heating season, .- . - “ :
? LnHeating depree days indicate how cold ;-
.~ the weather has been duri aspedic -0
1 Hme They can be used to evaluate

+ the affect of weather on the amount of . W.L
....ﬂ..._hdm.u_w._.—u_mnma.__.Pm". L RS i
iemGeneally, you will use more gas and

|
- E electricity for heating as the number of .15
%ﬁﬁuﬁa 3

iy increases. However, other -
.- factors such as wind, sunshine, lifestyle
w.ﬂ.n conservation measures aleg affect the 3

vpﬂq.ﬁ;%ﬂ&ﬂ%cﬁm ) i

[over

Switching to lime-of-nse rates
may save om electric bills

Most MGE residental cusbomers can charee
bebween two electric mike schedules: standard

rates amd Eme-of-use rates. For many custym-
| -ers, Hme-pf-use mtes have meant loveer elec-

tric Lills. .

With standard rates, one rate is charged
for all the elechicity used duing the .Em.__.m._.ﬁ
period.

Tirse-of-use E.Ebm uges two different rates, -

depending on when the elecicity is used. The

" | higher of the bwo mmtis is in effect for peak

periods when total eleciridty demand is high.
The lower rate is charged during low-demand,
-or off-peak, times, Rates can be lower during

oif-pealk fimes beeause electricty produdtion
costs are lower then,

For MGE, peak hours are from 10 a.m. to
% p.m, Munday through Friday: AD other irnes,
mchuding mﬂ.mmm weekends and holidays, are
in the off pericd.

nm:m.m.:ﬂmﬂua: ran benefit hom time-of-use
rates if you hawve a number of large electric
appliznces arud are able to shift some of their

L use from peak to af-peak fimes.

For axample, delay using yeur dishwasher
until after 3 p.m. weekdays when the off-peak
eriod begins. You can shift about 30 kdlowatt-
WEE.@ of electricity per month to off-peak
hews wihen the lower raie is in effect.

A general rule of tumb is, if you can lieit
your peak-period elecidty use to abont 2
third of your total use, you probably would
save with Eme-nf-use rates.

T help you dedde if you could benefit from
switching to tme-of-use electric migs, we've
revised pur booklet “Living With Time-of-Use
Electric Rates.” The booklet compares typical
bills using both time-of-use and standard
rates. It contrins guidelines for switching
appliance use and shows you how o deter-
mine if fime-of-use rates would et your elec-
tricity costs. Other requirements, such as spe-
cial enetering, are desaibed.

You can get a fee copy of the bogklat by
calling 252- or by returning the coupon
above in yaur bill payment envelepe. .

can be dangerouns, faial

Amyone making an usmthnrized adjestment
of electric meters is risking serious eleciricd
shock and even death.

Tarnpering with gas meters or piping is also
very dangerous. Doing 20 could permit gas to
escape. [f undetected, this could result in an

lasion or fre, :

nder Wisconsin law it is lllegal to tap or
bypass electric, gas and water meters. Anyone
convicted is subject to a ne, imprizonment or
bott. In addition, the person convicted mutst

| pay for service Fraudulenty obtained as well

as for the oot of the obliny's investigation.
1f pou see a gas or clectric meter that appears

to have been fampered ﬁmmrﬂw,_ummmumﬂonwﬁ
MGE at once. During general business hours,
call us at 2527277 During evenings, weekends

or holidays, call us at 252-7111. The meter
oould pose a serions bazard for anyone near it

MGE Speakers Bureau
availabie for programs

Meed program ideas for your organization’s
meetings this fall? Call the MCE Speakers
Bursau.

The Speakers Buresu offers free programs
on a wide vanely of energy topics—-from
“Acid Kain" to “Window Treatments.” Your
ﬁ.ﬁw might want to know about new services

GE customers . . . or how a Good Cents
home is built to seve energy . . . or how
weathenizing jour horne can save on both
heating and cooling costs,

Most programs last about a half hour,
whirh wﬂﬂmmw a guestion-and-answer pexiod.
If you want more informafion about pro-

grarne available, cail 252-7908, To schedule a
pragram, please cemtact us at least two weeks
before your meeting date.

We're pulling energy into our commmnnily
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[ndispensable Helium
Is _Rout_i_n?ly Squandered

‘New concern centers on
how to husband ajgas
with unique p_;;qpe'gr_ti_es.

o2 By MALCGLM W. BROWNE
5 its potential uses proliferate, scien-
Alisls, government agencles and pri-
vale interests are wrestling anew
with the problem of husbanding an irre-
pliceable hut widely wasted resource:
heHum, " :

Althowgh il is most cummurn]y' knowh 25
the lighter-than-air gas that keeps bal-
loons of all sizes afloar, helium 1§ Indispen- .
sabie 10 many fields of Eejentific research
and to a haost of promising new technolg-
gies, Atthough cheap helium is abundant
now, vast amounis of 1l are wasted each
Year.

D, Roger Dckson, a physiclst at the
Fermi Mational Accelerawr; Laboratory
in Balavla, [Il, nated that many helium
conservation measures are considered
tor coslly. “Conservation won't seem
cost-effective until we sterl running oul of
helivm,™ he sald, “By then we will have
thioWh AWaY most ol our supply.’

The United States produces about 80
percent of the world"s supply, moch of il g
byproduct of nalural ges production in
Texas, Wyoming and severa! nearby
stafes. Bul Government exper!s estimate
that about three-quariers of the helium
brought up from gas wells is vented inta
the air and lost. The Governmenl main-
talns & strategic’ stockpile of helivm, bud

* the Reagan Admimistralion has proposed

closing it &5 a cost-cuttng move, creafing
further uncertainties abaut the long-term
BUpplY.

Helium, & product of the nuclear fusion
af hydragen, {5 invisible, ndorless and so
dilficult to discern in the everyday world
that it was [irst discovered by astrong-
mers in 1868 a5 a constituent of the sun's
atmosphere. (The name heliom is derived
frem helios, the Greek word far sun.} Only
in 1385 was hellum found 1o exist on the
earth, ag a decay product of radicactive

" minerals,

The second Ijg‘llj'r,est of the elements

_alter hydrogen, heliurn is vital to many

new technologies and fields of research
TEQUITInG temperatures close o ahsolute
ZEMD, Or MINus £59.4 degrees Fahrenheit,
Only with liguid halium can researchers
creats such cold. And unlike such other

Contfnued en Page 16
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Concern Rises Over Indispensible .ﬁmm,zE_ an Often Squandered Resource

7. Contitued From Pagels

nearepkwable  Meources as perrg-
Telm, betem bas mgvee qualifes Lhac
canngol b duplicared by any ochar
Fubs[ance.
* Since Wordd War [, whan ges-tillad
"IEQpELLs served a5 siTarepic bomb-
ers,"Washitiglan Nt regarded demin.
Ml mable Rellu 2= o creategts re
sourte. AlrEhips no lengee play im-
pariant mililary rolef, bur beljum's
JWlique propeciies have [aung otany
‘ther  applications, intluding  ad-
*Ncad weRpncy and Spacacepfr
:Major Readon lor Wasie

P the main problem .in LoOsETVImE
hetiumn s chae the rate At which i iz
sextragied fram he groung de=p=ngds
ion the demand for pewical G fas
.Facher than for the heljum jtseb.
When the demand far heliom i fow
bur Lthe oaural gas macke: js E0rng,
mast 3f the belikm brogghs up and
separafed fram he gas musg be dig-
veard=d lur Laek of surage apa e
*_The price of meliom 30ld by the
LGvenmend rnow fockd ae.537.50 pae
hiusand pabic fedy, BPsut enmgh o
AL A 13- balimio. Maigy etinarm-
“Honisls zay thiF price |5 muich co Lo
10 T SCL FRo e
t In 1863, the Buresw of mines began
e prmp heliem jnla a Tarlly d=plgted
natural gac field in poesos ook tha
HAN0E Of (ee1 WETEraund riear &fma-
“rillo, Tex Twiz Fedezg| HoCHpl e ton.
-tains M. bitlbony cubic feer af coude
“heljum,

But in. kis last budger mesgape,
(FTeident Rebgan cqlied oo the G

»rnment 13 abanden its hellum ppera-

“ticms, The Bureau of Mines has com-
imszicogd John Campbell § pssoc).
caees of Lexingron. Mass., 1o study (he
refletls of such a move, The resulls of
+ the= sty are due bn December,
. Beienlists, enginesrs mnd Crgwern-
mert officials Sgreed in inlacviews
that helium Pessarees gre Adequzce
foc the indelinice futace. The major
=aurck of warld helium supplies since
- 1934, the Cilfreide Mgt in the Taxas
' pRnkangie, 15 approgehing deplélion,
according o Armeond A, Seonsh, di-

recror of heliom gperatians fac she
Bur=auaf Minss.

Eitel & hellumn-rich gme lieh has ey
dizcovered in soarhwescem Wyh
ming, [Fam which the Eoguon Corpara-
Ly began extracing hedium Jast
Ywar 21 \be racg of Al 300 million
cubile feet paT Pear, rirtgally doubltng
Amercan praduciion.

Apprehensfons abour pelium  ce-
Ehurcey were Alsg padised somawhar

Jihls year by (he discovery of high-

[EmperuLire superccnductonrs, which
corducr eléctrciy with no lass (o

. - Mafismnce, Superoondyelors ang vilal
© tboadvanced elesiicily eransmition,

Mowerful megnets apd ocher ad.
vancgd electrical darices.

URLIl cecenly, the only knawn cu-
Percanduciors had @ be ghilled 1o
tEmpera s arownd minws 007 de-
afees, A0 Extreme that cam  be

raduced anly oy liquetying hefioem,
ﬂ:m Tec=n advances In fupercandue-
Livity SUREe=r oo Bore sCienCrs and
govEMment Officials chat  hellum
WY not bt 33 cruclat 1o iflure puper-
ESCHOET lechnology ms had been

* Burathers mate chay high<gmpera-

tare supwrémrduciors hove For oL be
mady inte praclsm] devicss Furgher

miars, coobing for supetoondwsbes Lo

©nly ore uae to which hellum is pur.

Sclenlists deolgning che proposed
supertEnducting super collider, a nu-
tl=ar paricle eocelaraigr Hat wmld
be mace than 51 miles in clroumier.
Sace and wewid cost abour 54 bitlion,
brelizve shat dkuid bellem ‘will oy =xa
Eantial (o (he machine.

10,000 Glam Magpas

The collifer wiukd coarain around
W00 glgantic maprets 10 conlain
ard focelerace @hoinlense benm gf
particles whipped atound the Fuge
direle al nearly the spesd of light
Fhysicisls sesking to undersiand the
luriarmental inceTaclians of matler
ard en=rgy regard the collider ag sn
essenclal 104l for achieving he -
Mende enecgles rmeeded [gF the re-
mearch. .

The collider's magners, in comenmn
with 1hite 2iremdy it use A0 HE new

Tevacrgn sco=lermioe at Fermilab,
WL ber bazed on Jupeccondusling mag-
Lerial.

L. Michael 5. Meashan a membec
B WhE design graup working @i che
Uriiversly af Califarmia at rlrpley
anrhe fuper cRllider, said Lhe aenelare
altr waull requirg the Bds Bguiva lemr
of 80 million cuble feet af belium 1o
el the mapners makIng up its un-
derground ring, and Lhat abor 25 P
=il of this Bmoun. will have to be ro
placed each year becawss af |aaks
and erther bocac T

Dr. Meashan, Dr. Chris Gudep and

ehar physicios designing the ogh
Uder agrees ther despite the cUrcent
EUphoTE oceasioned wa:c._m dizcavery
@l Righ-tempararir= supertondus-
tors, uleed-cold Bellum will st be
el for thes cpllider.
- T oib us decedes do devilap the
supercanducilng wice waed in o
Tevateon magoees,” Or. Guigg said
"“Me 0N is =ven thoss o Tapricaring
0 new Blghetemperaiure supercon.
duclars Ima anhing (ke tha

Liner acceferitar expecls z3¥ Lthe
inlenam cald of quid helivm semres

another importane purpase: It helps -

fo eregte the uliea-high vacuum, that
MUsE be malnrmined In the beam Jine
To preven. apeeding particled from
collicding inadwertently with air mole

- Euli, Without liguid helium, anorher

BR] Mace epEnsive means of eyaco.
ating che beam uibs way |d AEve 1o be
derreioped. .

+ =The heliom sram, whode Jone aket!
. of elecirans |3 compledely filled by .

[wo gebital elgrirons, 12 unjgqueky
resistant La farming RdMpaIds willy
wher chembeal elemencs, The inngr-
magt electeon thell of an atom js fim.-
I6d Ao twa electrons, amd U (he shel] i3
eamplelely [, the chemical bomds
that might be formed by BorToered,
lenLar shared ekerrons A re maled our.
Only recemly did seienrists lind a
WEY USIRE incenes Xeray radiacion 1o
Uniltg helium with hydeagen, whersby
CHating 3 compayad knowm &g an x-
eimer. Bacimers, which caw prinfuce
very high-erstgy [aser beams, are
under intgnse stody e laboraLrs
Working for Presidgnr Roopan's EHM

Helluen: A Diversity of Uses

The demands af Eefentilic retmareh and fsw techralagias arg
increaeing dmnand {or word suppliss of fremlaes ahls Raliom,
Shewn arg usas of helivm Inthe Urilod States in 1985, -

Mingr pasrs: Avships,
INEludIng rgw My klimps,
CONRIUME an INCreasing
share. .

" Coertrodiad
atmosphams:
Hellum iz ve=zd 10
pravact, for axampe,
pPeQEs ol the L. 5,

‘Woldiag: Helium is pged o
shirdd welded matars frgm
axidaticn by surroumcitg air.

ma”.ﬁ Prasaurl zaen: Maliumis Cryogenics: Heliurmshilled

-+ uged 1o prassurize frizid mAQBLs dnd dgizes ey
Cllquid hydrogan [wel tanks far Imporianl to medicing and
- SpAcecraf. - e, .

CansHurion. 2.2
. Gageq |
Halium in
L.1%% wir tanks
Leakx: halps
Hefom divers -
JHEelpE avald ehe
ARLELE mvRn L1250 Y
tiny leaks in : ’
. Nuckear
T

ﬂl!nIJ.ﬂnu._?alEﬂ.rirraﬂﬂ.i!i i

_._:.uu:w u..dw“ﬁ. the Stralegjc De- Helum's @omic strachoe
PeiLse Mnitige

Helium™s =uireme resjstancs L5 BRY
Lype Of chemical rgociion 1gd o ''he.
liare™ welding, In whish the Plame af -
B owelding torch = sucraanded bor &
shedth of {lowing heligm, This pra-
WERLE RUNCERRECic Daygen and other
gased from ceacting with the hgp
melal being welded, ang makes [oEi-
bile che Righ-Lednpers mre welding of
FIAIKIwES stenl, aluminum and n%nﬂ
melals BoLEhly onequarer of the
natkm’s helfum eansompcion is for

wilding,

deprees:

heliom vemaing gasens.

Tknus 423 degrees,

wents Ilgwsraction of the £33 unlil irs
iEmpgcature |5 Livered 1 mindg 452
il temperatures  be=low
thase ar which zll clher gases mra
convarted |pic Mguida or solids,

This makee helium 1he anly poesi.
ble pressuriving gea in a rooiar fuel
Lank containng liquid hydrapen s
ey al this pam-
PErawire, thes gasets helim on
driwg the ligukd hydrogen fTom the
tank o thee reckel angine pumps, ard
larg@ dmouncs of helium ace &E%enlial

10 [he spage amullls Propulsion s
1=m. .

Helfu is used 19 replace nEogant
in [he mir miXtures usey in deep cruba
dfwex @ prolece divers Trom e
decam pressian slekness prodwoed by
Bilrogen distolred in biooy, Liguig
helium chills e nuci=ar magnasie
FE3lhance Machmes Lsed o | tnape
Trg2ant wilhin Lhe human body will-
oul M-rays Bod i1 cosls the |Afoared
telesenged needed (o map vasl IS
H the universe mvisible 10 ardinary
light. Interest in airships AppeaTs 18
bt rekindiing, and he Mavy petenthy
caniracied to perchase e lesc of a
new line of hgllumelifled bhigpe brom
a British-besed company.

BUL sienLists prize heligm meGs of
all for the gkt it chedz an che gy heeg
IOLEFACEioNS al maleer and the mys
Wrious rales af queiam mechanics
the gavarn rhe TElE TS GORIE Uiy e rag,

When it 1y prepared bor sucEnave

Rl6t af Comprezsion 2rd BEpANGian,
Ilguid hajium has = TEMperaure miy
4.d degtees o e Kplvin scale abova
the aboolie zerg, Bur by pum png
WAy e moTe energeire 1pms iy Lhe
liquid, .wn_nuzu._ﬂ “BO redigee UE Lem. .
peratlare 10 & froclion of 5 Begrae
kv abealuce 2,

Below 237 degrees kalvin, Ngujg
beliern Secomes atp=rfluid: that ie_ je
flews whifiout fricipn, & Fing:5haped
SurTent of supeTfiuid helium e in
mallim within = Iarger volume gt L1 3
Perluid helium will romace fhreves
IefLundisry rhed .

Superttuld Jiquid helium behaves 1

" Acange weya, ofering 8 unique op-

POMIGIEY (P 3ec intc the Twarld of
quantum meshanizs Trom W huemen

. WARLIEE priinL

When a rutallng con tainer of guper.!
Tl helfum is mnma:m__u,ﬁnn&ﬂu. .
YOFI=es Jarm in ihe |wyoid 4L j3-
Crele paints in En.nu.m.nn::.n.:u o=
caex, e liquld undergoes gegnium .
Jumpe and few VOTEKEE oM. The
e ol corarlon mnd rye rumber af!
FOFEER=F thal ark crgared gre rdJated .
b ElaAck:s Langthnd, 3 fonds mencg)
ﬁ:m undarlying quemlum mechan.
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Physics 115 Problems

6. Why do you get a worse burn from picking up a piece of hot metal than
a piece of wood at the same temperature?

37, Methane flame is 2240K., Fe melts.at 1808K. Why then doesn't your
irpa frying pan melt on your gas stove?

38, [Problem 6.17 on p 237V:] How much is the temperature of the water
in Niagara Falls (190 fr) raised by the conversion of G.P.E. inte K.E.
and then inte T.E.?

a

39. How much thermal energy is there in 1 m® of He (gas) at 1 atmosphere

{p = 1.0 x 10°8/m?) and 20 C?

40, Find the total mass of the earth's atmosphere, [Hint: You need the
values of (1) atmospheric preasure, (2) surface area of the earth,
and (3) acceleration of gravity,. ]

41, How does a hot-air balloon work? [Hint: The "skin" of the balloon
is "limp"; the pressure is the same inside and outside, ]

NOTE:

The rconnection between problems 41 & 42

42. Consider heating the air {pV = HkBT) in your honse. You turn on the
furnace and the temperature goes up. However, p remains at 1 atmosphere
and V changes only negligibly, Thus pV stays the same, but T goes
up. How can this be?!

The thermal energy in the house air
T.E.= =Zp¥

remains unchanged!

Where did the thermal energy from the furnace go?  Why did you turn
on the furnace?

o
It's not the heat, it's the temperature.




Physics 115 Problems

34,

35.

If a battery contains 10 kilemole of energy-storing chemical, that
is 6 x 10?7 mclecules& and if each molecule can store 1/5 electron-
Volt (le¥ = 1.6 x 107 ** Joule) of energy, for how long a time can
this battery supply 235kW of power?

4 large "step-down" (in voltage)} transformer has
input power 2000kW at primary volrage 3300V, The secondary feeds
a registive leoad at 550V,

35{:1\#’ @ 55}'" %’R

{

If energy losszes can be neglected, then what are:

fa) Input {primary) current?

(b} Turns ratio?

{c) Secondary current?

{d} Resiastance of load?
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XXIV. Note on the Theory of the Greenhouse.
By Professor R, W, Woop *.

THERE appeard to be o widespread belief that the com-
. parativaly high temperature prodoeed within 2 closed
space covered with glass, and exposed to solar radiation,
results {rom » iroosformakbion of wave-length, that iz, that
the hent waves from the sun, which are able to penstrate tha
glass, fall upon the walls of the enelosure and raise its
feraperature : the heot energy is re-emitted hy the walla in
the torm of much longer waves, which are unable to pene-
trnte the glass, the greenhouse acting as a radiation brap.
T have always felt sume doubt as to whether this action
E]“}rﬂd any very large part in the alevation of temperature.
t appearad much more probable that the part played by the
Elass was the prevention of the eseape of the warm air
eated by the gromnd within the enclosure. 1 we open the
doors of 1 greenhouse-on a cold and windy day, the trapping
of radiation appears to losa much of Iis efficncy. As a
matter of facs 1 am of ibe opinion that a greechouse made
of 2 ploss trunsparent ta waves of every possible length would
show a temperature memly, if nob quite, as high as that
observed in a glass house, “The transparent screen allows the

solar radiation to warm ths ground, and the ground in turo

warins the sir, but only the limited amount within the
enclosure. In the “open,” the ground is continually broughe
into contact with cold air by convection enrrents.

To test the matter I constraeted tiwo enclosares of dead
blagk ecardboard, one covered with n El:ss plate, the other
with a plats of rack-salt of equal thickness. The bulb of o
thermomater wa3 inserted in each enclosurs and the whole
packed in cotton, with the exception of the transparent plates
which were exposed. Then .exposed te sunlight the
teruperature rose gradugly to 63° U., the enclosure covered
with the salt plate keeping a little ahead of the other, owing
to the fzet that it tranamitted the longer waves from the sun,
which were stopped by the glass, Ie order to eliminate this

" action the sunlight was first gassad through a glass plate,

There was now scarcely & diffarence of one degree between
the temperatures of the two wnclosnres. The moximom
temperature reached was about 56° ¢ From what we know
about the distribution of energy in the spectrum of the
radintion emitted by s bedy at 557, itia clear thet the rock-
salt plate is caqu?ref of trapsmitting practically all of i
while the plass plute stops it entively, This shows us-that

small in comparieon to the loss by convertion, in other word

that we gain very little from the circumstance that the -

radiation 15 trapped.

Is it therefore necessary to pay much atiention to trapped

rndintion in dedueing the temperaiure of 2 planet na affected
by its atmosphere? . The solar rays penetrats the atmosphers,
warm the ﬁruund which in turn warme the atmosphere by
contact and by convection corvents. The heat received iz
thue etored apin the atoesphere, retnaining thera on acconot
of the rergr low radinting power of a gas. It eeemns to me
very doubtfol if the ntmosphere is warmed fo an¥ great
extent by absorbing the radiation from the ground, even
onder the most favenralla conditions.
.1 do pot pretend to bave gone very deeply into the matter,
and poblish this note merely to draw sitantion to the fact that
trapried radintion appéars to play bot & very small park in
the acteal cases with which we are familiar,

* Communicated by tha Author.
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Turning Point N e,:.—ifs.

In Production of Fuel o

For Hydrogen Bombs

IU.S. must decide how —
-or even whether — to
produce more tritium.

By MATTHEW L, WALD

’ ITH welng. fali=ring plasis s ool
suliree of mupply, the Foderal Gows -

arnFdent musl doom declele whher
ta bulld axpanaive now facilitles 1o prodice

[rliburyy, m ¥IlB] and perlehatde lngredbel of-

nuclkesT bomba,

The poor candilion of the produelon reof:’

fory — Iwa arfe broken down and Uie cther
three ace limdced 1o holl power — msken pos-
Alble an Iniermaption In suppiy,, Such § hall
would [#ave muelear warheads Jnsing patency
A hieir silon, a8 barterio [sas sleh; charge an
& tupamerked shell, Adding Lo the ponee
‘Urgency, A recent sjudy by the Mallongl
Atademy of Sclences aa | thal It may take aa
Iong o bulld g ew uction re0eiar me the
uryl¥ing three will lane.

The Deprsimbnt of Enargy 18 expocied (o
pock Iiknds 5o Ao bulld one or fwe oow reoe
Love Lo pradues Lrinluam, o radiceedlve Mem gf
hydrogen, and phulenivm, sngiher temb fuel
prduced In the sRme reaciars. Rl sech cew
pianl would cost Gillkons, nd snoor. eapers
RueELinn whether they A be nocessary.

Tha Dopartmend Ie expecied Lo Argue thel
the cxpenge 1s requirad fer naLlinl security,
Bul snme &rmn conlrol advoepies, jolned by
envircnmenlalisis who ay thal produe! lon W
These homb fuets |5 dongovous and polling,
Argue thal an agremmont with Ae Soviel
Unilcal to imiL nuclear srms coeld render he
InvaELment unnacoaad ry. .

Even Iimied ariMz recucdlons, EBch ns°

ihpae I the (repdy on nuclenr forcod In B
TODE W Under nepollation, cinld redice e
need For Fresh il lum alnce dupplles eunld be

_ Tritivm's Role
inPowarlng @
A Bomb

|.A hiydregen bomt ia
‘powaersd by IMa anargy
relgpuntl vihan [Balopes of .
hydragen nrg [usod under
high heat Tha wat s
provided by @ "Mrigger,'" a
bk within the bomb, b
which 21aime of plutonlum
{Ful ara spiit by Heuirons.

nEUkan
Br|_1Il1Ja|:l

Fuelar  Flssanboemb
Tealon s rlggar

THllum

seavengel fram  disassembled  weaposb,
SO[TLE NEPEE G 84 Y.

Eome experls even suggeal Ihal by hatd
"Iritjum productbun, ihe Eaat end West conf
gchlove disarmmitent. Witk no new supplies,
Lha argumen| proe, natlans would have 1o
sleadily reduce Breetalt to kapp polem
triLlumn [ 1he remaloing weapang,

While plutonlom pq-uguctl,un i5 required o
cxpard dhn puclodar aracnol, dnitlum poodue-
thon In needed almm 1o makiialn edlating
woapaid, This |5 aude Irhllom breaks
down nElrsally a1 the rate of abes 55 per-
cend per YeEr. Plelondun, in caontrasd, Ja lat.
Rel, al l=ast on the human Bmesca e, and tha
nialllun'l tacklle L& belbeved 10 be qubstan.
tlal,

Thas telllum, evon more thén plulonhum, B
becoming tha fcus of.concerm ih Congrea,
which will have 10 decHe m Adminlaerat|on
proporls io butld the cosly now planta.

"8 wery clear that irithon [s the medn
avoM, ral e than phulpsluim,'” sa|d Res, Roh
Wyden, Democral of ovi. Mix diatrlol 12
downsirearn dlong the Columbka River from
ihe  Fedargl  Governmeal's  plutonlym-
priducing reacler oL Hanford, Waeh, which
Ik chased for gale y Impeovemenl s '

Trldum hag becaime increasingly mpore
Lanc b the nuelenr areenal. As p "booacer” in
Lhe lelgger parijon of a hidrogen omib,
riLllarn is eazentin] ¢o réwlucing the akze af
whzlsacla, aklowing mora warheds pec mh-
shlg, or wa rhedds o s maike milsalles,

Trilum ks w warlanlor IsMene of hydrogen,
lo nalute, the commmon fovvn af e ydro-
Ben atoqn Rk o Niktlens of & single prolone A
Maluselly ueewirking dsoropa i3 deut X
Each dealoriare nickews contnlng o praton
Rd e ool ran; ame n 6899 bydrogen aLdims
15 danlerivm.

Triium, Livx thirg {aplope, has a guchus
with oae provom esid 1w nesilrons. T| dopy o
oocur nafuvally; B 15 made In reaciors by fir-

Caplinued ap Page 35

Tiny ammrds ol rilium and
aunerium car b usad 1
meitnae tha affiglency ol ©
thia Nealon tipger. Thr
tutloh praduces powariuk
nauirond {hat greathy
nereaas tha flssion's

* eneegy, sllewing use of lnae

fusal In the brlggar and

smaltar oxoeall bombr alze,

7
Deularium_

The by Work Ticra ey Himl

(orEr)




Lontinugd Frem Poge ¥

Inﬁ 1 neulron ac (he ouclews ol
lithium-6, which conclalp of Lhree
piNtang dnd 1hree noutvote. When a
mewlran 1 naldnd, the alam thrawsg of
bwn meailimizs abd Lwo prftome, Thie
Keividd v fimbnne nnd fwo nelLrons,
wideleds (g,

The dhien el o lrl:lumemducmg
reRciars are ol nf benat 30 years ol
al wll ol Lhe Encrgy Depariment's
TavaniAl Biver Planl nonr Adhen,
L. '[Tese oo o prodace plutapd-
s, Goyirunmentalizts and worher-
galely ddvocnies hAve argued that
planl wnared, which are loxic pe 24all
oF rodinictlve, ne popdy handlod.
Teecenlly, Hie Eriwpy Department
e ncknewhkedged same problama.

Aadellng da s worekes, . T, dy Pon
Db Meaders & Corpany, whieh budli
ead oporelca the plaols under con-
Irfcd, recently  anrowced (ke e
would glve up the work. Mo replace-
sl hd s beep annownced.

Tho neweel producton resclor, 8

lutinlum-producing yedcior aL Lhe

Inniord nmelea r redervadiog In sowh-
eadlesl Woshingeoy, commiddhived
by Preddenl Boiedy In 1982 and In-
Ierulmd Lo Puik Tar 20 yeats, was baed
lerlofly & Inw yorrg Bgo 19 mnke el
1, Yilh dizoppdindlng repaliy. The
mingiar has been ¢loEnd dlnee the
Teglnmig af & year For sately im.
THIWE Wil &

The General Accraniing CHilice re-
pasted dn March iac e g1 eakign at
Snvanndls River, coupled wilh nncers
Eniniles alwawd tiv [dire oprrodon of
Hee veoeior il Hantord, *'ralass ques-
Ll aibenil TWRE'a abll ILy 10 noceq pro-
durklon requl rinenis,”

A rivent Teoed By Lhe Nallonal
Ackdtuy o Eolenees drpw alicniban
levibee [rap b g1am02 af el one produc-
1 cipacly p3 woll &3 1he safely
wancems ralsed by plamis weed to
prodee rlilem ghd pluiopdum. Tho
Lanergy Treparimand Je p:lnnnlrtulgln =
spand 1o the regioel by the end of the
yrar, and il Tesponke Wil dlsopss
MNNB lor one: ar Fg now prnduetion
repelirs Iim mahing Ue Two Bomb

Tucle, aecording {0 B Sokeswaman,

Chils Eninkizy.
Hes lor Telilum

Trivum hag 1wo fifes dn pdlogr

wind[ex1s: in The fuklon inaL codes
“the mein oxnkaelon Add, In ihe Indes)
wonculd, hthe (lsamn riggoe,

n he Tusion of a bydrogen bumb,
wik M0 Ol doulerium and wooalon of
Irhtlum e forced degethor nnder ex-
freinely high heal prowided by & He-
it Lrigger, Bonbs are dedigned 1o
jraduee thwy Irilum far thlz alnge In-
Leniully, wsing AtALons from the [f5-
glon wripeot, I & procese mich 1he
Lhat In & ronebor. .

Bul wlllin must bo aupMied for
nsp a5 dho bosoMer i the boemb trip-
gir, where |ts funcikon (8 o caphdly
muiliply the nomber of nowrond,
sullumic pnrllckes: | haL sustaln 8 1s-
Alan redel lpa.

FIRrlon, Ll 2pliiiing of niame In &
clwfin renctlon, 18 the procese [hal
fravecrs clvllipn phwor rooclars ss
woll o5 liwihbs ke tinse dropped 4
i reshimw sl Magadikd.

1 lple. chrln renclion, ne Ih a
cl¥iling puwer reacior, & neuirog |9
lired at Uw nucleun of & uranium
nlamy, splILLIag I The 2plit nucleas ro-
oA fuergy and R GENAfl aunther ol
neiH roa, Sonlae ir Abserhed by ron
flaakinable mucerind, In o power meoe.
Lur nt ek, coch spll| pecicue
£ivos all, an averpgm, one nieutron,
thot Inicr apli & simLber nucleys,

Dubling il Muctell

When w{icplen Lebgper 4= fucled by
uranlum ar plutaplum, enoweh feu-

Y

Bicrurs S Wt Gpe b

A reacior thal produces plotoniom and tritiom at the Savannah River Plant near Aiken, B.C

fTong Are freid In gach genperalion of
fiwsloning to dowtle tho number of nu-
clebl spll [n Lhe oexl genersdion; in
mlereGeccnds, ‘one f{Esioning  pra-
dilcds  dwa  mord  Meklons, which
pradueg faur, Lhan odght and smon,

Bul (Mik process can anly ooour
¥hen thera Aro enough dloms com-
"prescid In & “ecitbca| meae™ of fusl.
Usunlly, chemical exploshes are
g 10 gel Lhis procees AlAAed. Bul
oz {laakon pcm%resms, the gritical
maee tends |a blow ppar, sMopping
Ihe: procsss. Theadaee K, Taylor, 8
witdpans dealgnor Bl Led Alamos Ma-
tonal Lebdralary |0 the LBSD's And
nivw  priveie conguliant, wald mme
bewnbs wanld fhgglon no imare iban
ca-hAlf of 1 percent nf | gveillablo
luel before cxploding.

Thls b5 where ITiLum camas bn.
When tribuimg end deuterium fuse,

+ ey emlt & neylnon Whoes energy Is

muih highar than those condlied In b
glan. Each hlgh energy nounren, when
It BLrikaa ansiher nucleus, produce
[Mur, mol Pwa, nestinne. So the "fls.

‘The Government is
expected to seek
funds for one or two
new reactors to
produce tritiumn,

shin'” Irigger thel Incorprrates e fu-
stan of 1iny Bricunl g ol deuterlum apd
trlllum produces Lhe gemo power
Eroms ruch leas =l

"Il the bonaling alarit edrly enongh
I Ihe dlsslon chaln reaclon, then It
relensop & 100 af hewicdns a) o 1lme
whin the chaln reactlon 18 mulcgly-
Ing. thé neunss populsthon very rap-
idly,"” Mr, Tayler gald, " A nautrar In-
Jeclod g1 thed thne I worth maca than
tme {lsaban; 1L 3 worth easily 1k imes
nE mAny I

Role It Meulean Bomba

Trilhum I8 nlen wxed 0 che produwe-
tlon al newiron bombs, wospona In
lended g Wl pooqle with radistion
roihor dhan dostroy isrgels wlth
whock wave I puch & bomb, telilum

nalps prodsee 'w gréater number of
heutrins trqm the aame smount of
Muicnhum, The Governmen has ap.
rdnlly dropped plaps o produce
nrge numlers ol noucesh embs.
Tha vohime af Lrithem used In Lrig-
E‘Iltrﬂ Iz probably small. The Nucleer
capond Dalpbool, & 1887 publica-
tion af the Malura] Resopreep Do
lemae Councll, & Monprafld ewviran-
menlg] group, cstimaied the Ener,
Depavtment iriUum Invenlory at
klOograms; wilh obowl 20,0 wear-

heada, tHAl moons less than lour,

, EFRME or iy wad. .
Ele the bombg arm nd ralucied
dally, thelr willum réservabr muast
Rave s =urplus bt i do atlow for
nnlurol” decdy. e nddlibon,  Lhe
Energy D-:Enrlmun: haz 4 coniral
Slochplle, which 1scll 1e dlae mpoaring
AL I rae of 5.5 porcent & pear
Trilum decays i & formoof hallium,
How ofien Lhe hombs mofl be re-
tharged, apd how Jong L sockphlo
winlld aulTles before (he  argenal
begin to degrade, are cinssllkd Infor-
mallen, accwdng e the  spokes-
wihdn far the Emecgy Oeparimeni,
Ms. sapkey. .
Malrtdining ihe Sinchplle

Dinwld Alkright, sonlor BLOTT acdeir
el of the Federathin of Amerbenn
Epeniisle, an arms-conirel Eroup,
4ald Ihal wihou 3 fdegolkaled srms
reduciion, maintaining the dulesr
dtachplbe waull cequice aboul |0 kfle-
grame ™ trllluen per year. Mre. Al-
bright"s extimalie |5 prri of An nrikcle

ha le preparwg wilh Mr. Tayhr for |

the Jomanry leewe of [he Bulleddn o
e Awmie Selentisls o dhe mibjact
of niEciaes mkaterld 19 prodacibon.

M- Tarler, Lhe fonmer weapme de-
algner, sald 1 waould [ake xome Lime
wilkaul new LHLnm bitfore weapons
were glgnillcan |y wosbanmwed,

1 Nwd I hazd do belleve Hhere
wapld bo o dram atic changes n yhelds
M niwe of them were resupplled for
throa o fowr years,'' he sald. "That's
it bk say thal soeme prope would nol
Ll aryous BEUL 1, DAL Che mefvins.
resa siarls from a {airly high beval of
confldenca™

AnHher manprodll, gravp In Wash:
Inglon ciomeamed with nuckear disar.
mamend, The Muclear Condrol Insi-

_ luie, proposed carlbey (REF yelr aelng
the decay of wrillum ng a tool bor
mulual dlsarmanmem.

"Bl pUperpawErs are mow [0ond
wHh fhe same chalce: o naidldin
and mademiza ihelr aging and uneals
nuleac-waagins pradueifon reaciors
IF Thet guUlcar oywme Feco CoNLMwes, or
io thie down |hase dangerous fockli-

AkeB |1 Boyh abdes con agred o werlibo- ©

bl reductlong In e numbess and
Trped of nucléod weapona Lhat will

make further prodocekan of weapons -

maneriale winecessary for tha fore-
Seeahlt fulyrs,* thie Inglitule sabd,

Mankos kg an Iszue

tibers arpud Lhan dlsArmpment
mmu.?h[rulum decnyr wonlkd nor b s
&[lecllva 08 & ban an plulonlum wnd
waaflons-grogde uraniime praduceilon,
in part becAnzse 41 s ensler-te nondiar
thiize molele.

Thamas' B. Cochran, ssige sull
sefeniiat of Lhe Melwral Weponones
Chxaize Counell, 3ald In o telephone
Imlerubew Lvan *'IL would be very dili-
tull 10 redire warhends, esen imanape
lmlalie anme oantrol seennrin, 2L a
ral e loexcess of ik docay.™ With
abaul 30,000 warheads | the nolign's
arnchpdie, hit snld, malching |niitm
decay would
‘warhesds the thrst year. In conlrazy,
the receal mognClalkan:  with  phe
Tovkel Uniod on Indermediolo-range
nuibear Iorees call fur 8 redectlon of
00 waaHms dver fve years,

However, ho added, I plulonivm
prodycticn 12 frozcn And [he [hrese
survlying reaciord were nooded aply
dog tritlum, they might. Burvive fngst
will b p reicod wWorklaad.

DOr. Catlrpn's orgnniaarkan,  1a-
BeAhew with oihier covleonmental and

Arme conlrals graups and prominos)

Individisplz, colled Hav. § e a 1w

YEAr Mwratdchim andhe producdon af -

Plalanlum ned for memaliollons witl
the Spyled Unlon u:lm i Blinbng of
dwcH praducibon, nlonp whh 1he pro-
duciton of bamb-grode uranlom.
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Physics 115 Problemns

43.

Ad,

3.

46.

47,

Use the equation pV = Nk,T to find how much volume is occupied by 1
mole of an ideal gas at I atmosphere and OC (273 K).

In 1921, somecne named Betz, using & somewhat simplified model, calcu-
lated that & windmill can capture as much as 16/27 of the kinetic

energy of the wind that passes through an area the size of the windmill-
blade circle.

(a) Use this Betz result to estimate the power expected at sea level
with a wind of 30 km/hr and a blade length of 10m, (The density
of air is 1,3 kg/m?)

{b) How does this power vary with wind speed?

A truck has to push air cut of the way in geing down the highway.
This is Mair resistance", Assuming the truck has cross sectional area
4 and sets the air it displaces into motien at the apeed ¥ of the truck,

the power required is
) =
/d»z{ A=l

Where the density of air is p = 1,3kg/m? Estimate the power required
at 40 mph and at 60 mph.

P =1 pvav? = 1 pav?

4 gplass window pane has area 1 m? and thickness 2 wm, Its inside sur-
face is at a temperature of 20 C and its outside is at -10 €.

How many calories of heat are conducted ootside in one hour?

Double Glazing: How many calories per hour of heat are conducted with
two panes separated by 7 cm of air {+20 C on inside of inner and -10 C
on outslide of outer)?

How assume AT . = 30 C and hoth AT = ,03 2. Why?
air glass




Physics 115 Problems

43. & house has dimensions 13m x ¥m x 3m (height). Its walls and roof

49,

are l0cm thick and have the same conductivity as brick. When the
outside temperature is -10C:

{a) How many calories per hour are lost through the walls and roof
by conduction?

{b) How many cu ft of natural gas must be burned per hour to main-
tain thizs heat flow?

4 coal-fired electrical generating plant cperates between temperatures
of 450C and 10C, and generates 2.0 kiloMegaWatts of electrical power.
Tts fuel is coal, giving 29 x 10% Jouvle of thermal energy per kg

of coal.

{a) What is the ideal (Carnot) efficiency?

{b) What iz the practical efficiency expected? 1 -

{c) How meny metric toms (metric ton = tomne = 1000kg) of coal are
required per day?

(d} How many cubic meters of water could be warmed 5 C by the discarded
heat per day?
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The Fossil Reactors of Gabon

'1"\1;0. and probably three, nueclear-fis-

siun rencturs were assembled Ly ger
logical processes about 1.7 billien years
ago 1h a regions of Africa that is now
part of the Gabwn BRepulilic, With en-
riched vraniom 233 as a fwel and light
wiber a5 9 modderstaz, the natural reac-
tors aporated at power levels of several
ktlowarts mare or les continuously for
at lenst 166,000 years and possibly for

gore thum o million, At deast as surpris-
ing ws the existence of the "fossil” reac-
tars is the fact that the peological site
lag bevn o little disturbed by tectonic
prucesses i the intervening agons thal
French investigators have besn uble to
establish the precise dimensions of the

" reaction centers {feyers de reactons? and

the general phivsicochemical factors that
brought the reactors to criticality and
comtrilled their power levels Jur millon-
Ritms oo end.

The existenon of the neral reactors
first came 1o light three vears ago at the
French guseous-dilfusion plant at Pierre-
lutte, when a laboratory preparation of
uranium hexafluoride, to ke used ns a
semndarv control standard, shmved a
shight defleit i Lhe expected content of
uraniom 235: a value of 7171 percent
instend of the normal and. oniversal val-

‘ue of 7202, Workers tacking down the

dj'scr'epanq.r eventually found that more
than 700 tons of vrantum shipped from
a mine north of Oklo in Czbon was de-

“pleted in . U-235, representing o total
~ defleit of 200 kilograms of the desirable

isotope, A rennalysis of core sa.'mples tak-
en some Years carlier revealed one sam-
ple with a U-235 content as low as 440
percent. The enly plausible hypothesis
was that some of the 17-235 at the site of
the mine had been consumed ag fuel ina
natural nuclear reaclion.

The hvpothesis was quickly confirmed
by identifying the zones of grestest
U-235 depletion und examining the ra-
tios of particular isotopes that would
have appeared as fission fragmenta if the
nuclear reaction hod . gefually taken
place. The ratios carried the proper “sig-
neture,” In the course of this.stady one
sample was found in which the U-235
reyuched a record low value of .2896 pec-
cent. In general the two principel reac-
ticn centers showed an impaverishment
of 17-235 proportional 1o the total uroni-
um content up to a value of about 20
percent. In gtill richer samples there was
less depletion of U-235, indicating that
the optimum value for a sustained chain
reacton was a wranium conteot of be.
tween 2 and 23 percent, Overall nearly
500 toms of uraninm in the too fossil re-
actors was strongly depleted in U-2335.
Taking account of the fact that a ceriain
fraction of the abundant isatope 1-238
would have been converted inta Pssion-
able plutoniom 239, the total produc
tion of enerpy in the two fossil reactors
is estimated to have been abont 10,000
megawatt-years, equivalent to the out-
put of a 10-kilowatt reactor Tunning for

‘a million years.

Two things were esentlal for the

clhain reaction t¢ have sccurred: a suffi-
cient enrichment of U-235 ohove the
normal valve and a8 moderator, such as
water, to slow down the fast neutrons
released by sponlanecus fission so that
thev would support a chain reaction
among other ouclei of U-235. Since
11225 spenlanecusly disintegrates with
a half.life of .7 billion years {giving rise -
ta 2o Isotope of thorinm), one can cal
culate that 1.7 Liliion years ago the Ga-
bon deposits contzined about 3 reccent
11-335, or about the level of enrichment
commanly found i the fuel of commer-
eial muelear reactors, There 15 also gro-
lopical evidence that the uraniam, in the
form of its oxide, was well mived with a

variety of hydrated minerals, so that the - °

reaction centers containcd shout 15 per-
cont water, at luast sume of it in liquid
form, saturating the mineral bed. The
ratic of water fo uranium qvide was
about the same as it is in a typical man-
made light-water rencfor. Finally, the
reaction centers had to be reasonably
Eres of any well-kmown nrclear-reaction
polmns, such a3 boron, which have a
voracions appetite for neulrons and
would have made a chain reacHon frn-
possible.

A valume of something less thon a
cubjc meter is needed to sustain a chain
rezction In a water-moderated reactor
with s fuel containing 3 percent U-235.
Each of the twa fossil reaction centers
contains at least 30Q Hmes the minimum
volume, The French investipators con-
jecture, therefore, that each center con-
sisted of a number of weally coupled
reactors, probably not afl funchioning at
the same time. The details of the control
mechanivm gre still & matter of specula-
o, bt it i elear that variations both in
the water eontent and in the concentra- .
tion of vuclear-reaction poisons, as the
chiain reaction proceeded, must have
played o majer role, A full description of
the fossil reaciors appears in Bulletin
d'Informations Scientifiques et Teoh-
rigues, published by the Freoch Atomic
Energy Commirsion,

{Over)
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Physics 115 Problems

S0. A heat pump 15 used to warm a building, The outside temperature is

-10C and the temperature inside the building is +20C. {You may use
the Carnot formulaz for answering the following questions,)

Heat is to be supplied to the inside of the building at the rate of
1000 cal/sec.

{a) What will be the rate at which heat is to be taken from the out-
side envirooment?

{(b) Express your answer to part {a) in Watts.
{c) What electric power will be required to operate this heat pump?

{d} Repeat (a-c) for Tputside = +10C {ground water).

51. What is the hottest a surface can get under (unconcentrated) sunlight

2.

(1.38 k¥W/m? : assuming no abscrption or reflection by the atmosphere)?
Could you ever "fry an egg on the sidewalk™?

Photovolraic Power.

Suppose 1kW/m? of sunlight is collected by a 10 €€ surface, Assume
average photon wavelength is 700 nm,.. Assecme one photon in 10 raises
an electron through 1/2 Volt. What are the output current and power?




Physics 115 Problems

53. For 4 = 240 the binding enerpgy per nucleon iz 7.0 MeV.
For & = 120 the binding energy per nucleon is 8.4 MeV.
(a) What is the total binding energy of a nucleus of mass number & = 2407
(b} What is the total binding energy of a nucleus of mass number 4 = 120?

34,

535.

(c) What is the total binding energy of twe (separate) nuclei of mass
number A = 1207

(d) What is the energy release in the fission 240 — 120 + 1207

An ordinary-water enriched-Uranium thermal fission reactor is ugsed to
supply heat to drive an electrical-generating plant. The plant puts
out 2.0 kiloMegaWatta of electrical power. The plant operates between
temperatures of 450C and 10C. Fach 4330 fission releases 200 Me¥
{million electron volt) of energy,

{a) What is the ideal (Carnot) efficiency?
{b) What is the practical efficiency expected?

{c) How many kilogram of 2350 are required per year (of steady operation)?

What is the value of the Tatio

Sun enerpy intercepted by the Barth/year
Energy bought by Americans/year




Physics 115 Problems

56. Consider the particular fission

57,

(a}

(b)

{c)

Find
them

(a)

()

(c)

{d)

(e}

(£)

133 100
59 X + 40 Y + 3n

235

o+ 92 )

What are the elements "X" and "¥"?

Show where they are relative to the valley of stability,

For each give the equaticn for its expected radicactive decay.

the value of each of the following energies in Joules and put
in one sequence of increasing size.

energy release of cne 235U fiassion.

average kinetic enerpgy of N2 molecule in air at room temperature,
energy of a "green" photon.

energy release of & d + t fusion.

heat of combusticn of methane per molecule,

energy of a photon of FM radio,




Fhysics 115 Problems

58. Binding energies:

59.

60,

HL 2,225 MeV

H2 5.48 MeY

Hez 28,30 HMe¥

P F b oW~ R

From these data, find the energy release of the 4 + t s 4+ 1 reaction.

How much 2H is there in the oceans? (Assume the oceans are 4 miles
deep and cover 4/5 of earth's surface.)

{(Optional} 5 = entropy = amount ¢f disorder AS= %

In Carmot Cycle ﬂS=D=>E%=G=>Eﬂ_—£ =0
T T
H ¢
Andsnh=1{£oriﬂ-T_H
T T H T
H c d c

‘: This area is HH - Hc = Qnet
1

S
Carnot Cycle is rectangle
//// /\ in 5T plane.
T '
|
1
. . :

|
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