Physics 3

Diploma Review







Table of Contents

Physics 30 Diploma Exam — What to Expect ... 2
UNIT I = MOMENTUM (10 = 20%0) -ttt eee s et e e ee eenees 3
Impulse and Change in MOMENTUM ... oo e s 3
Conservation of Momentum ... e 6
UNIT I1 - ELECTRIC FORCES AND FIELDS (25 — 35%0) - eteeeeeeeieeeeee e 15
Bl IO ATICS oottt e et e s b e e e s ba e e st me e e e ne e e ne e e nnns 15
Electric Forces — Coulomb’s Law e 19
EIECHIC FIEIAS oot e e s et 24

B T § (e 335 134 | OSSO ORI UUR 33
UNIT 11 - MAGNETIC FORCES AND FIELDS (30 — 35%) veeevveerevienereee et 34
A2 5T T o o OO RURSURUUR 34
TMAnEtic FIEIAS .ot et 34
Natural MagnetiSI .ovev e cvrrier ettt s eac e et et e s ser e s ar e s e rns e snsasssnsessnnessnaaesanessnasenssans 35
Electromagnetismi ................. e eeerererereeerrseebate et e e oo et e e e e e aaenan e rn e e rn e eraneesrreennseeesraen 37
Magnetic FOTCES.cccviiiiiiiiircriercr s rie e ssnecns e BRSO SUPTUUTURRRON 39
The Generator EFTEC ..ottt ettt n e s 43
Electromagnetic WAVES ..ot e cee e e s e e s e et e e e s mae st s e s e seesaeeaeasnceenan 47
Light — Properties of Light.. ...ttt ettt e 51
Interference of MBIt ... ettt et ea e s 61
Optics — mirrors and 1enSes. ... ..cooooveiriieiiie et SO URUTUPEUROTOTR 63
UNIT IV — ATOMIC PHY SICS (20 — 3050 ). e .68
Cathode Rays et e e et eee a2 e eL e+ ee et e s e e st ees et ree s aen e et s et et e e s ee s ereeeaer e 68
Elementary Charge — Millikan"s oil-drop eXpertment ..........ccovviiniiiinccniene et 71
Rutherford's Scattering EXperiment .. .....coveveeciienecceeneiniene et et 73
Blackbody Radiation.....c...cccceiiviiivnnnennnne, SR TR S S OV OPEOROPY b
THE PROOEIECHIC EETECT ..o ee oo mm s eeseesseeeeaeseses e sreeenmssemaeenesemssnarens 77
ATOTIIC SPECITA Lottt ettt e mt s ce e et e e et e st e es e et een e ammeameeseseanemeaneeeeneeenee &1
Bohr Model 0f the AtOIN...o..eovv et e 84
D /< T O USRS 88
The Compton €ffECt ..o ee e sree e st e e st e e e e e s e snne 90
Wave-particle QUality . ...ttt e e 91
UNITV = NUCLEAR PHY SICS e e esnene e e e e sne s ese s s ennens 96
Nuclear equations — conservation of charge & nucleons...........ooooooooiiil ...... 98
INUCTEAT TEACHIONS ..ottt re e e et et et et eac o e ervses et sre e e seseemeseaseneneas S 98
RBAIOACTIVIEY oot ettt e ae e s ac e e v e s s wae e renaeesrna s sraess ne e nrneansas srnenarrnesns 99
PartiCie detEOIOTS ettt e et ee e 107
QUATK HHEOTY ettt e et e e e e et e et n s e n e r s 110
ANSWERS Lttt ettt et st et e s e e ae e s et e nas saesass e enaenrenne e ee 116

1 Dr. Ron Licht




Physics 30 Diploma Exam — What to Expect

The design of the Physics 30 Diploma Examination is as follows:

When? Format # of Questions Percentage
9:00-11:00 Multiple Choice 36 2%
(plus 30 minutes) | Numerical Response 14 28%

Multiple-choice questions are of two types: discrete and context-dependent.

A discrete question stands on its own without any additional directions or information. It may take
the form of a question or an incomplete statement.

A context-dependent question provides information that is separate from the guestion stem. Many of
the multiple-choice questions are context dependent. A particular context may be used for more than
one multiple-choice question as well as for more than one numerical-response question.

Numerical-response questions are of three types:

1. calculation of numerical values.

2. selection of numbered events, structures, or functions from a diagram/list.

3. determination of a sequence of events.

4. selection of physics principles required to solve a problem
—aniform motion (balanced forces)
—uniformly accelerated motion (unbalanced forces)
—circular motion (unbalanced forces)
—conservation of momentum
—conservation of energy
—<onservation of mass-energy
—conservation of charge

. —conservation of nucleons

—wave-particle duality

Note: Many students experience difficulty recording their answers to numerical-response

" questions. These difficulties include failing to completely fill in the circles on the answer
sheet, failing to fill in the circles that correspond to the digits recorded in the boxes, and
incorrect rounding.

1 strongly recommend that students check out the following links:

I. The Physics 20/30 Program of Studies is the curriculum that students will be tested on.
http://education.alberta.ca/media/634853/phy2030_07.pdi

2. The Physics 30 2010-2011 Bulletin provides sample questions and answers. .
hitp:/www. education.alberta.ca/admin/testing/diplomaexamssexambulletins. aspx
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UNIT I - MOMENTUM (10 - 20%)

Impulse and Change in Momentum
Momentum is a vector quantity which is defined as the product of a body's mass and its velocity.

p=myVv
A change in momentum is due to a change in velocity =7 SPCEJ' r (J.{rajibr\
A]_j =mAvV kg-m/s
A change in momentum is the result of a force acting over a time which is called impulse
T=Fau v e o
Impulse is equivalent to the change in momentum. ‘h':::,,

FAt= mAv N-s = ke'm/s

Diploma exam alert:

= Impulse is force X time. Do not confuse force with mmpulse.

= Safety questions. A change in momentum can be the result of a large force over a short time or a
smaller force over a longer period of time — i.e. crumple zones on cars, bungee cords, ropes that
stretch.
F vs t graphs. The impulise or change in momentum = the area of a force—t{ime graph.

Impulse results in a change in velocity. Do not confuse AV with v, . Av=v -V

U

Numerical Response

1. An 8.00 kg infant is in a 16.4 kg baby carriage being pushed along at a speed of 3.50 m/s.
'The child's father applies an extra force of 3.65 N forward on the carriage for 3.40 s.
The final speed of the carriage, recorded with three digits, is a.be m/s. The values of a, b,
and ¢ are , , and

{Record all three digits of your answer in the numerical-response section on the answer sheet.)

:mf,u!;L - O .
(Fote) = (carrirge)

Fat = m(\\/mc"’"\
(349) Bw) > 244 (v{ -3.5)
mﬂulﬂﬁQF4fﬂ
0,§00 = vg ~750

1. The SI units for impulse may be written as H.0l ’%’ = \/‘F

kgm/s? Fob= pansv

A.
B.  kgm¥s
C. kgm®/s N 'kf)"'"ls

kg-m/s
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Use the following information to answer the next question..

Force on a Ball as a Function of Time

The net impulse delivered to the ball from t = 0.0stot=4.0sis

Y

B
C.
b

24 N-s _ aree = lm{;.ﬁse_
28 N's f | A4 +11 =l~(;\u€
32 N's 'q/bln iw = |,.-,(w\£.0
48 Ns %’(gg) Ha) = mphe

g Fi1b = \m(,.a‘\f
j-\ll\}rf "-lfﬂ{-"].()’

A rock climber falls and is saved from injuries by a climbing rope that is slightly elastic.
The importance of the elasticity of the climbing rope can be understood in terms of
impulse because elasticity results m

@
B.
C.
D.

. o (mp b= 0p
decreased force during an increased time interval B .
increased force during an increased time interval - . af
decreased force during a decreased time interval
increased force during a decreased time interval

A tennis ball with a mass of 110 g is travelling 18.5 m/s east. It is struck by a racquet
that applies a force of 950 N west. The ball and the racquet are in contact for 3.20 ms.
The change in momentum of the tennis ball 1s

A
®
C.
D.

pke ¥ AP

2.04 kg-m/s, west _ miJm*/ ; ¢
3.04 kg-m/s, west v b —- ¢
.2.04 % 10° kg'm/s, west 5o ¢ 224157 > bp

3 ko- . .
3.04 x 10” kg-m/s, west 304 N =np
0+
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Use the following information to answer the next question.

Force

A particular experimental apparatus is designed to analyze the concept of
impulse. The apparatus consists of a force plate that 1s attached to a
computer. The plate 1s made of steel. When a steel ball 1s allowed to fall
from a height on to the force plate, the resulting force-time graph is:

Time

The expenimenter then places a one centimeter thick piece of foam rubber
over the force plate to act as a cushion. Another steel ball is dropped from
the same height as before onto the cushioned force plate.

5. Which of the following would be the resulting cushioned force-time graph?

A.
Force

Time

Time

B.

Force

Force

Time

Time
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Conservation of Momentum

The Law of Consexvation of Momentum states that the total momentum of an isolated system is
conserved (constant). An isolated system is one where there the sum of the external forces acting on the
system 1s zero.

2Piitial = 2D fial or 2p= 213’

The total momentum of the system in the initial situation equals the total momentum of the system in the
final situation. There are two basic interactions — collision problems and recoil/explosion problems.

For collisions there are two basic situations — cither objects will bounce off each other or they stick
together on impact.

Before After
o 'F-'«

Before

EIa¥Hc collisions are those where Fagl parlkT] cnergy arc conserved. Purely elastic
collisions are very hard to produce in the ordinary world because there is always some kinetic energy
converted into heat, sound, deformation or some other form of energy. Elastic collisions oceur for
collisions between subatomic particies.

sERYSHic collisions are those where niGIRgIEG 5 HWeconverved. The
objects may bounce off of each other or they may couple or stick together after impact. Unless you are
told otherwise, assume that a collision is inelastic.

Recoil/explosion problems involve situations where the initial momentum is zero and the objects explode

or move away from each other. Since the momentum of the system is conserved, the sum of the momenta

of the objects after the explosion is still zero. '
Before After

Xp =2p’

Q%Q\‘ﬁw 0=m,V,+m,V,

Diploma exam alert:
- Momentum is always conserved. Kinetic energy can be “Jost” as heat.
— ‘Momentiinisavector-and-energy is a'sCilat .
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The following statements all relate to a collision between any two objects on a horizontal
frictionless surface. Which of these statements is always true?

= |8 as
The kinetic energy of each object before and after the collision is the same.
The momentumn of each object before and after the collision is the same.
The total momentum of the two objects before and after the collision is the same.
With respect to the surface, the gravitational potential energy of each object
before and after the collision increases.

SO »

Use the following information to answer the next question.

£ 5o Ainrine - 1

V=120x10"V

Z
3

4,00 m x

125 % 107 kg Y 4
i Lolx10kg g ] “W——E

Bumper cars operate on electricity. The more the accelerator pedal is
pressed, the more current flows in the system, thus the faster the car travels.
Car X and car Y are going to collide head-on. Car X is travelling at a
constant velocity of 2.25 m/s to the cast and car Y is travelling at a constant
velocity of 1.30 m/s to the west.

If afier the collision car Y is travelling at 0.526 m/s to the east, the velocity of car X
lmmedlately after impact would be

@ 1.02 x 107 m/s to the west e 'ﬁﬁ&__lo (d*“*"h’k)
B.  3.25 m/s to the east _

C.  4.60 m/s to the east
D. 1-02 % 10' m/s to the west

oo P

M vea *\—'“o"b’ Mmeavy 4 hb”l
452295 ¥ Mk 13 = 1352 Th)
281,25 + —200.3 = 125v," + 84186

71,95 -8 4666 = 128V,

+ !.G{c,:L (- 57’6)

B
“!2\.771’ VAR
l)_é’ ' v
7 C;f 109 ':g "\fﬁ: Dr. Ron Licht
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Use the following information to answer the next question.

A coal chute angled at 30° to the horizontal releases 1.50 x 10" kg of coal to
fill a stationary, empty 5.0 10° kg cart. The cart and coal move forward
with a horizontal velocity of 2.0 m/s.

m=200% 10%ke
yf'i-:.'Z;O mfs
8. The speed of the coal along the chuteibs N 10 Mo}d\.{(}\ 'ka)
¢h
A, 1.5m/s MMyt movpz(”a* mp)V
: = 3 ' :
B, 27ms M52t 1570) 2 (e (R0ms)
3.1 m/s : Vc\':?.éé,',\‘
D. 53m/s A , &’«\4 om choe '
: __3» (os 30 = 2:‘_&
20466 ~ S(ﬁe&
. . . . . . . speed >33y
The Law of Conservation of Momentum also applies to two dimensional interactions. Since momentum |

is a vector quantity that is conserved during interactions, we use either components or the cosine law to

solve two dimensional problems. K s s "
. : we leara ed
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Use the following information to answer the next question.

A test performed by a company has a bullet strike a bullet-proof vest at a
glancing angle. The mass of the vest and the dummy is 56.0 kg. The
buliet-vest collision is inelastic.

; — ie
bBullc: = 9.0 m/s

Maae 58002 7 Path of bullet [
Visuier = 090 mfs

Example problem ~ Component method
- The resultant velocity of the vest and the dummy following the glancing collision shown
- above, expressed in scientific notation, is a.be x 107/ m/s at e.fg ° below the original path
of the bullet. The values of a, b, ¢, d, e, f, and g are
and

> 3 3 > 3 >

Me U to =
(@mr&-@) = S

0 “e E%m 0= x
5 ol - Cl'if
X = LFA
¢ .05
674
- X
ﬁi (O f@ 0 =X |
a% , -
PX = PK
5"3\ = ,Sclj' t >
-4y 07

i L3 sa
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Use the following information to answer the next question.

A test performed by a company has a bullet strike a bullet-proof vest at a
glancing angle. The mass of the vest and the dummy is 56.0 kg. The
bullet-vest collision is inelastic.

Viutes = 95-0 m/s

_ Vest
Myue = 800¢ Path of bullet

Yiaiter : 650 /s

Example problem — Cosine method
The resultant velocity of the vest and the dummy following the glancing collision shown
above, expressed in scientific notation, is a.bc x 1079 m/s at e.fg ° below the original path
of the bullet. The values of a, b, ¢, d, e, f, and g are
and . '

7 ? 2 ¥ » 2
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Class problems

Use the following information to answer the next question.

Two—Dimensional Explosion

Fragment

v, = 39.2 nvs

Fragment

An explosion of a stationary object produces three fragments that move
away from each other in a horizontal plane.

9. The speed, v,, of fragment C is

Pib > o Pyb= Ere

36.9 m/s . ! ok ogs Fpes
@ 48.6 s © = f ¥lor ¥Pex o 'T’;Yb !_?_0/ N Pc/
C. 51.7 m/s . OZ o+ 842 ¥ per o= I )’ _
D. 148 m/s P _

-1ned oz Féj

o> NETEOND”

e 17,6 byl

R

Y 00 hb’

v zé,,‘w}
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Use the following information to answer the next question.

A 1400 kg car travelling east at 60 km/h collides with an 1800 kg car traveliing

north at 40 km/h.
1400ke <6 kmm - 16,5‘;) p: 2333323
— 36 %
Vo -
\\ g 40km/h - l] ]n{’
\\% 3‘ 6
1800 kg %f 26,500
(The diagram is not drawn to scale)
3hriyi Numerical Response
@% g ®2. The momentum of the cars prior to the collision, expressed in scientific notation, is
OHOOGE a.b x 10* kg'm/s at ef ° N of E. The values of a, b, ¢, and fare , R , and
alalole - "
OIIO1EY
@% %@ {Record all four digits of your answer in the numerical-response section on the answer sheet.)
OO
OBGE® . '
S101G10; : “l
peee N L
010100] 000 (0 *
Wz
Tc,v\ X = 'R0 00
12373 R St
%3353 42 23000
ol
Qoo dd
_. v bon &= A0
_paa\/(aznz)‘w@wo) | 2333333
o]
- 3,"7(!\‘;' , e = L“ '\“‘{
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Use the following information to answer the next question.

A 2.0 kg lump of clay moving north at 4.0 m/s collides with another 2.0 kg
lump of clay moving east at 6.0 m/s, as shown below.

_6.0ms

pf.u'—

10.  Which of the following diagrams shows the momentum of the system immediately after
the collision?

A, B.

s

g e G i, W e 0L W vt
o e i Bt

T TR, U S

2.
(’// ¢ BV AN
O
Ix
%am @’/%
(7"3‘4
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Use the following information to answer the next two questions.

A stationary bomb exploded 1n a street in the centre of a city. The three
pieces of debris from the bomb, each of approximately the same mass, flew
off horizontally in different directions. Analysis revealed that one piece
moved east at 20.0 m/s, and a second piece moved southeast at 30.0 m/s.

Y
7

W E

]
v
-
<

11.  The third piece of debris was difficult fo locate. Where should investigators look for the
third piece? ~

&

27°W of N

A.

@B 27°Nofw Sy f e

Co 225°S0of W Y (b be P 7L’

D.  25NofE /) e = ! : ,
Y

. 5
umerical Response

3. The speed of the third piece, expressed in scientific notation, is a.be 10" m/s. The
- valuesofa, b,canddare ___, , and . y_ by )UD'

(Record your four-digit answer in the numerical-response section on the answer sheet.)
g’)ﬁ. o EX
0= fu. -l—(,,,d’(); €

@ mm)t | O - 20% os‘is'ﬂc)Jr(;x

5

fyoey-
P Gy v Yy

Ju | o = 0 Floadstp) \/(7
G=2) mvd o M > iy
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- charging by

UNIT I - ELECTRIC FORCES AND FIELDS (25 -- 35%)

Electrostatics

Electrostatics is the study of electric charge (electro) that 1s at rest (static). There are three types of
particles of which all matter is composed:

charge relative mass
electrons -1 1
protons +1 1836
neutrons 0 1839

Since electrons are far less massive than protons, they are moved or removed far more easily than
protons. Positive charges always stay put within the nuclei of atoms. Static electric charges are due to an
excess of electrons (negative charge) or a deficit of electrons (positive charge).

The Rules of Charge are

¢ there are two types of electric charge (positive and negative)
¢ like charges repel each other

¢ unlike charges attract each other

The* Fomor@liarge states that electric charge canneihierbeoreaed o P ISy
may beg b Matter can become electrically charged through three different processes — friction,
conduchon and induction.

An ebonite rod, for e)?ample, becomes charged when rubbed with fur. When ebonite and fur are rubbed
together, some of the electrons from the fur are "captured” by the atoms of the ebonite. The ebonite has
an excess of electrons (negatively charged) and the fur has a deficit (positively charged). Theawerkdone
{(mexfretionsforeesthrongh-adistancereSultPifF At caTse.

@hgEgilrGamhctioniGontace.
When a negatively charged rod is touched to
a neutral conducting object, some of the
excess electrons on the rod move over to the
object. When a positively charged rod is
used, some of the free electrons on the object
are attracted over to the positive rod. Note,

f itien results in the object”
Eiing the K3 xee as the charging
device and the charglng device loses some,
not all, of its charge in the process.

15 Dr. Ron Licht




Induced-chargeseparation,.

When a charged rod is breughtnear a neutral neutral pith ball
pith ball initially nothing appears to happen, e

but after a few seconds the pith ball is
attracted to the charged rod. To illustrate,
suppose a charged rod, in this case a positive
rod, is brought close to a neutral pith ball.

++ L F 4]

The negative charges on the pith ball are
attracted to the charged rod resulting in a
charge separation.

T e

Since the negative side of the pith ball is
closer to the red than the positive side, the
attractive force between the negative side of
the pith ball and the rod is slightly greater than
the repulsive force between the positive side
of the pith ball and the rod. The result 1s a net <
force toward the rod.

<
T t+++++F o

_~—" net force on pith ball

T

Lo

When a negatively charged rod is brought _

near the knob of a neutral metal-leaf T efwcvons psisdio - wieatons cv;;;?ef :;;n
electroscope, free electrons on the + 7 =TI I Y regeie m‘; £ Ground b pORRS o8
electroscope move as far away as possible ‘:\-::m;* f“:* i

from the negative rod. If you ground the
electroscope with your finger, electrons are
induced to flow away through your finger.
When your finger is removed, the

electroscope is left with a deficit of electrons a o sleoinions i fre
Ty Geoarded seckoascons B ihe Grounched sleonnsc i}

and, ﬂ_’]BI’ﬁfOI'.B, a po:smve charge. Not.e that resance Of o Pegaively " orasenes o o posihely chorged

charging by induction causes the object to cremged ot i .

become opposite in charge to the charging
device and the charging device does not lose any charge in the process.

In general, the amount of excess charge that an object can hold 1s related to the surface area of the object.
The charges will spread themselves as far apart from one another as they can due to mutual repulsion.

How easily charge flows on a body, or from one body to another 1%&%6%‘_&]_3%_1; g@g%g@gat_gre ofthe .
materials involved. Some materials are considered to be cofidnictors (materials that TCAGy Allow the
AWISTERATEE) and other materials areviiiSalitorstmaterials thy det.the-flow:ofeharge).
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12. One way to give a graphile-coated sphere a negative charge is to touch it witha _ i
charged rod. This process is called charging by il

'The statements above are completed by the information in row

Row i i
A. positively induction
B. positively conduction - ) )
C. negatively induction P
ﬂ)‘\ negatively conduction e
/

Use the following information to answer the next question.

Movement of Charges

'E)’\L Ff'ﬁfﬂ(e \‘)F u‘,, anmh\f,
/’ooq Mp‘ubq O CLtvvje g(?oa\fﬁ-éim\.

‘Two neutral metal objects (X and Y) are placed on a wooden table in
contact with each other. A negatively charged rod is brought near object Y,
and while the rod is nearby, the metal objects are separated w:thout
grounding.

13.  Which statement correctly describes what has occurred after the charged rod was 5
removed?

A Object X received a negatxve charge by conduction, and object Y recelved a
positive charge by conduction

@ Object X received a negative charge by induction, and object Y received a
positive charge by induction

C Objects X and Y both received a negative charge by induction

D Objects X and Y both received a negative charge by conduction

17 Dr. Ron Licht
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101010
10101010
Olo1016)
0161010
0101010
HEEE
0103010
QOO
HEO®
10101010

14.

4.

Use the following information to answer the next question.

A student places a positively charged sphere near a metal rod. Both are on
insulated stands and the rod is grounded.

-1’4—- -"*'*'

Je
+

The distribution of charge on the rod is
A positive at end X and electrons move off the rod into the ground

negative at end X and electrons move off the rod into the ground
positive at end X and electrons move onto the rod from the ground
negative at end X and clectrons move onto the rod from the ground

Use the following information to answer the next question.

As illustrated below, three identical insulated spherical conductors A, B and
C were given initial charges of +8.0 nC, —4.0 pC and +2.0 pC respectively. <@
_ ' . _
+8.0 uC —4.0uC +2.0 uC 380 1,0 e
: ) : A A
£\ 7
® © W ®
5. 25 e
Sl e e /hc
- L
A 95K 5
Toxp ' C

umerical Response

Sphere A is touched to sphere C and then brought back to its original position. Then
sphere A is touched to sphere B and then brought back to its original position. The
magnitude of the final charge on sphere A, expressed in scientific notation, is &.b * 10 C.

The values of a, b, ¢, and d are 5, 0,0 ,and £

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

18 Dr. Ron Licht




Electric Forces — Coulomb’s Law

Charles Coulomb (1738 — 1806) tested the relationship between charge and distance i - T
between charges using a torsion balance which was similar to a device th A
Cavendlsh had used 1o measure the umversa] gravnauona} constam G.

rlght The basm 1dea is thal the force between the charges 1s dlrectly proportional to
the measured angle of twist (i.e — torsion) in the wire. By measuring the angle of
torsion caused by the repuision of charge (a) from charge (b), Coulomb had a way
to measure the force of repulsion.

Coulomb tested the effect of the magnitude of the two charges and the distance
between them. He found that the electrostatic force varied
directly as the product of the two charges and inversely as the
square of the distance between the two charged objects.

];' o q](;h
r

After repeated measurements where the charges and distances were known, he was
able to replace the proportionality sign « with (k) which is now known as
Coulomb’s constant (k = 8.99 x 10° N-m%/C?). The final result is known as

of e}eclrostatac attraction.

%g? where F is in newtons {N), g1s in coulombs (C), ris
§ metres {(m) and k is "Coulomb's constant”.

1 strongly recommend that Conlomb’s Law be used to calculate the magnitude of the force, while the
Law of Charges and the specific situation or context is used

10 indicate the direction of the force. Consider the situation A ‘ B
diagrammed to the right and we are asked to calculate the +10 pC -12pC
force acting on charge A. Using Coulomb’s Law O O

Fo=kdade
r
8 99x10° M.(+10x 107°C)(~-12x107°C)
¢ (0.25m)*

F,=-17N -
The magnitude of the force between A and Bis 17N, Incorrectiy A B
but what dees the negative sign mean in this context? L 10 uC 12 uC
At this point many students make the mistake of 19N O“ _ o“

drawing the force vector on A in the negative (left)
~ direction.

The Law of Charges indicates that A is attracted to B, which, in A Correct!l! B

the context of the given situation, is in the positive (right) +184C { 19N ol é uC

direction. Therefore, think of Coulomb’s Law as an absolute
value equation.

19 Dr. Ron Licht




15.  Two identical charged spherés are a distance r apart and the force between themyis F.
When the distance between them is changed to (2/3) r, the force between the sphere’s

becomes _

A Sp ,&;[{L‘gb :

. gF Fo .23

P

c. %F R*

5k
R~ Fg &t Fongn
L~ 77

Use the following informati(?n o answer the next two guestions.

Three charges, g;, g2, and g3, are placed at the vertices of a right angle
triangle, as shown below.

| 16, The magnitude of the net electrostatic force acting on q )18 s
-5 -5 -5
A.  2I2N F - K-He cHe Fr;_]/\a Ue 3¢
B. 263 N T 23 m.’;,lol
e OO0
/ 276 N N B _
D 327N . 57 5%LL5] . TR g

s
7
VSN D TGl

olo)
010010,
QOOO
QEOE
ROLOIO1O)
POOG
0101610
0101010;
QOOO
0101010
6101010

Numerical Respors S 57.5% £ 20k
7wt

5. The angle labeled @ indicates the direction of the net electrostatic force on g.. The value
of O is ab.c ° The values of @ band care £, O,and O .
+ (Record your three digit answer in the numerical-response section on the answer sheet.) *
7 12897
— /
Tane =297 ¢
5 4 5 7.3
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17.

18.

/pay attention to this!!

Use the following information to answer the next three questions.

In an electrostatics demonstration, a teacher uses two graphite-coated
spheres, Y and Z, that are suspended on insulating threads. She tells the
students that sphere Y is positively charged. She does not provide any
information about sphere Z. The spheres hang in equilibrium as shown

below. The angle 07 is greater than the angle Oy.

Sphrsre

\/\@*‘6 s§h£§r§ Y
X

Which of the following conclusions companng either the charges present on spheres Y
and Z or the masses of spheres Y or Z is supported?

AL

- D.

Th

A.
B.
C.

Sphere Y has more charge than sphere Z and is therefore deflected from the vertical
by a smaller angle.

Sphere Z has more charge than sphere Y and is therefore deflected from the vertical
by a larger angle.

Sphere Y has more mass than sphere Z and is therefore deflected from the vertical
by a smaller angle.

Sphere Z has more mass than sphere Y and is therefore deflected from the vertical
by a larger angle.

e nature of the charge on sphere Z must be

positive only
negative only

either positive or neutral

@ either negative or neutral

21 Dr. Ron Licht




19.  Which of the following free-body diagrams most closely represents the forces acting on
sphere Y?

| B.

¢

o

C. \] D. \
z

Use the following information to answer the next question.

<N
-~

Three identical insulated spherical conductors A, B and C were given charges of
+2.60 pC, —3.70 pC and +1.25 pC respectively. Sphere A is placed 25.0 cm to
the left of sphere C and sphere B is placed 10 cm to the left of sphere C.

+2.60 uC 370 pC Fge  +1.25pC

(The diagram is not drawn to scale)

0 'c)

20.  The net force acting on sphere C is

-6
@ 3.69 N to the left K e B -~ 25

B.  3.69 N to the rightfACC ( 29’
C.  4.63Nto the left c
D

4.63 N to the right 20167 N [ES =3.6a M

s __G ' ‘
, Fge = 1S SFe T
96 -0 107 4598 N 13
A RIS |

E:cf‘&u'a | .7
v,

—_
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Use the following information to answer the next two questions.

A student performed an experiment that verified Coulomb’s Law of
Electrostatics by measuring the repulsion between two charged spheres as a

function of the separation of the spheres. The spheres were identical in size
and mass. '

21.  The student constructed a graph of the Force of Repulsion as a Function of the
Separation. The correct graph would appear as: -
p grap pp s Q«m R
B

A Fl FQ ”’!‘6 =

iy

22.  Which of the following is also a graph of the Force of Rep

ign as a Fuhction of the
Separation? '

A B

I r

o

1
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Electric Fields

A field can be loosely descr 1bed as a 1eg10n of influence™ is space. Fsenflyence-glach
5 — Ihey have magm‘rude and direction. The dlrecnon of an e]ccmc
ivedestchareeamonldiifiovenf placed in the field. The

lEl = —= The units for electric field strength are N/C and V/m.
9o — r@pbrdw:rj to Sield

poeinteharge (q) is
=Kk ”%"57 creat t‘m\cj freld
T
If more than one charge is present, the total field present at any point in space is found by finding the sum

of all individual fields present at that point. Since electric fields are vector fields, the resultant field 1s
calculated using vector addition.

The magnitude of the electric field created by a

E

Field diagrams:

Fields are often shown as "field lines.” The density of the lines represents the strength of the field and an
arrow indicates the direction of the field line. Note that the fields around point charges are non-uniform
fields — the field line density becomes smaller away from the charge.

&,\‘ ‘%& " !
. g.f" \\3& ‘?}?’ﬁ/

P DUV @/“,Mwwum‘y- R - qq,.- e e e

- X S
\\ﬁ(\ / \\ / \k"*!.
«65 N W‘m T g N

&wwm&@

%/\\::f\ W / N g’/i\ /"\ N

ecjr\f\(, ‘Q\N'Jd
1T T Grergh > o
,?)\ a@)b & 2 ‘; ¥al pQrQ‘la‘

({Cv‘ Many e]ectrlcal applications involve moving charges between two opposite charged parallel plates. In P\CC"(S;
this case, the electric field strength is calculated using

AV

—-—— where V is the electric potential and d is the distance between the plates.

P
24 g </ \\‘\ - ~ Dr. Ron Licht
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snductors and Electric Fields

in a conductor, electr

1.€. 3

metal sphere is charged, either negatively or positive
far apart as possible because of electrostatic forces o
excess charges disg

For an irregularly shaped conductor, the charges still repel one another

f repulsion

% and accumulate on the outer surface. As a rule, the net electros

cause the charges to accumulate at the points of an irregularly shaped

convex conducting object. Conversely, the charges will spread

iregularly

ca JEaTy

shaped concave conducting object.

Electric fields within conductors

Imagine a neutral conductor, solid or hollow, in a fi

space. Now suppose we add some electrons to it, either on the

or inside. Within a fraction of a second the distrib
such that each free charge experiences a zero net

Charges experiences a net electric force, none of them is in an e

field. Since electric field lines either begin or en
could only extend inside the conductor if there Were a rema

of free charges th

Movement of Charged Particles —
Since charged particles experience forc
will have a corresponding change in ki
to be calculated, it is better to use conc

combination of

= . F
— o — €
Fnet =Ima and ’El = —
9,
L, d=
On the other hand, if you are asked to calculate the final &

1
pagpe

[] €0

charge, an electric potential is the amount of electric potential
Electric potential is represented by V and is measured in J /C or in volts (V).

AE

AV="2
q
o AE=qAV

5
oL : - >
Bv’imqﬁJ-

i

ons move freely until they reach a state of o bidus
e R . For example, when a solid
ly, all excess charges move as _

eld—free region of

ution of charges is
force. If none of the

d on charge, the field
ng excess
ATy suriace, is"zero={In the picture to the right
note that there is no field within the circular charged conductor.)

Electric Fields and Electric Potential
es when in electric fields they will experience accelerations and
netic energy. When given a question that-asks for an 34 1)
epts relative to forces. Acceleration is calculated using a

3 3a

. 'The result is that

tatic forces & %

out on an

surface

lectric

dechne
5Lid q,el‘v\bu

.

of a particle that is subjected to an electric
energy point of view using electric

unt of force it exerts on a unit of electric
Energy on a unit of electric charge.

Make sure you know how to apply the
conservation of energy principle.

Sp egdf 6’1\ eoi"{vz,

Qi el
Dr. Ron Licht
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Use the following information to answer the next question.

Two point charges_;are arranged as shown.
. Ex
+30uC - =12 puC-
é_;_qf} - M m
"'/‘ ® O
plecel © ¥ f? 1.0m 1.0m
Jotchege & U '
23.  The magnitude of the net electric field at point P due to the two point charges is
-6
-6
A 54x10°NIC 2 (<.3e g: Ko Ve
B. 45x10'N/C EC — =3
@ 2.7 x 10° N/C Lo +
.) . 0.0N/C s
o = 2bmown 2 Ll
_ 7 <
e ‘ Conc el
24. The elec‘mc ﬁeld between a positive point charge and a negative point charge is
e represented by ‘ ' _

.,_ ] R Ca \\. —
p ['/i.;_;-- '*'- B l/{jﬂ*\\;\#/ drevt 4 =

TN

25. A metal plate is cut into an irregular shape as shown to
the right. If electrons are placed on the plate, which
point will have the greatest electric field strength?

A1

I

1 oot 52 cfpce areo 15
D. IV vhee €7 99

‘l'\’kt

[E] &~
E !}ﬁff’. l{f
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27.

: SInete ¢ e
he X S

Use the following information to answer the next Jour questions.

Side View of the Components of an Ink-jet Printer

Ink drops

>
JEl
LJ V
Ink drop Charging Deflection
generator electrode - plates

of a signal from a computer, the charging electrode controls the charge
given to the ink drops. Ink drops are deflected between the deflection

paper. A typical ink drop has a mass of 1 32 x 107¢ kg. Approximately
100 ink drops are needed to form a single letter on paper.

\

Ink drop 1, has a charge of —1.51 x 1¢713 C. v

The essential components of one type of ink-jet printer are shown below.

Ink drops from the generator pass through a charging electrode, By means

plates. The amount each drop is deflected determines where jt strikes the

-

&
. bo £ g‘ (5
The number of excess electrons

= oagye’ e-

given to ink drop I, expressed in scientific notation, is

a.be x 107 electrons. The values of @b canddare_9q | y | Y _and ¢ -

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

The deflection plates are 0.100 mm apart, and there is a potential difference of 120V

across them. The magnitude of the electric field between the plates is

. - \Vulks
120 1°N/C |E/ ]
3 1.20 x 10° N/C

o
. _ 20
C.  1.20x10'N/C - 120 7
D.  1.20x10?°N/C 0,10 %15 ;w g
> Lsoxp M
7=
As the charged ink drop, I, moves through the deflection plates it experiences a force
with a magnitude of Les + ‘/Awd“ )
A 181x10PN - s
B.  181x10"”N - b0 = ‘g’[/ .
1.81 x 107N S ST
é) 1.81 x 107N 2SI Z

= I.‘gl)ftt;?f\)
27
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28.  To cause ink drop I to follow the path shown, the direction of the electric field between
the charged deflection plates must be toward the '

@ bottom of the page See hiogran

B. top of the page pote et }:J y vp bt
C. right of the page N

D.  left of the page |E] is bon + 2 -

Use the following information to answer the next question.

Electric Field

The parallel arrows represent the direction of an electric field.

29.  An electron is placed at point P. Tt will accelerate toward region -
A. I
B. 1

. 3]
v
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DIONID)! 8.
DOOO®
olola
DEOEE
NOG®
YO®E
WEEE
OO
NO1010)]
®BEE

Use the following information to answer the next two questions.

Spark Plugs

In an automobile, a transformer is used to produce the high voltage that
causes sparks in the spark plugs. The required voltage is 20 000 V. This
voltage is high enough to cause a spark to jump across the 2.0 mm gap of a

spark plug. This spark ignites the gasoline-air mixture i1 -The automobile's
cylinder.

T 7 .
L —r—

The speed of the electrons when they reach the other side of the gap of the spark plug,

expressed in scientific notation, is a.b x 10 m/s . The values of @, b, c, and d are
, and ST

—_— - S o

¥ o 7
(Record all four digits of YOUT answer in ti‘}j EJmerical-r?\pgmse section on the answer sheer.)
- K
( i/ = Vame?

rs
C[ 231 }
: - 2 iG0 v
LG .}o’m)f g a. ‘6'3' X
Y55 o v ¥

2D °

— _. 7
%] U 8.4 %o 4 =V
S

The acceleration of the electrons across the gap of the spark plug, e@pressed n scientific
notation, is a.b x 10 m/s. The values ofa, b, ¢, and d are ) .8, 1 and B -

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

Fg- ma
pE[ - e

31
Lboryd? (’2'3000) G«

2,005
. u
Lboxis' < quys -«
18
IV:B K{D ~ R
_ ‘/V

29 Dr. Ron Licht




Use the following information to answer the next question.

Two parallel plates are 6.00 cm apart with a potential difference of 75.0 V
across the plates. A proton is initially placed at the position marked ]
between two parallel plates.

FAA A+

- eI

d-b0%s 300 75V

{The diégram is not drawn to scale.)

30.  The proton is moved 3.00 cm from position 1 to position 1I. It is then moved 3.00 cm
from position 11 to position I1I. The difference in potential between points I and 111 1s

A0V

& 315V |

C. 530V

D. 750V (oles work 15 done oganct Fho freld tn medog

Lo T — 1L c et s o
bej\u“’h IE _—>:m: .

88 ) = BR & *
( _ :3(Ej-@ay'~fff‘¢"j)

-4 ﬂ & 0003 Lol
6.0)([0— g f

e hef ditferacd

L)
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Use the following information to answer the next rwo questions.

Two horizontal plates are separated by a distance of 4.00 cm. The electnic
potential between the plates is 120 V. A honizontal beam of electrons, with
a speed of 6.50 x 10° m/s, is directed into the electric field between the
plates. The electrons enter the field 1.00 cm above the negative plate.

s i i T i T S O e e S S S S S A

300cm IF OUm

Electron beam

(The diagram is not drawn to scale.)

Vorizonted "o‘rC-OS ) - yvahed s aul l.\/ Fae
Numerical Responsa cordand. (v

Relo;
%gg% 9. The horizontal distance that the electrons travel before striking the positive plate is
0000 B a n

¢ (bt 2) |y giﬂ?)

@I\,.;Q if'\aﬂu}w) CQ'"’? d = 003m

A = ,e vz {9.(0'700‘)% Vit O (w\’f\mﬂ)
(»goxm? | 66745 §> 7 | £
-~ 57 ] -
4 = 0,06 - N NP

Hme

(- |l

oo3~L §uém 14
@F\—} \;C\éaraa F:e,f"‘ T’:,Q _ 6 I,Ob'}.’(}"’:é
o

moe = ] - m
31 .4q
0 D‘f L_/ f.)n'r);.,-.{'

_'39

e = Y gps W - (3&"1//
Ell»-.‘ A ey,

?
1




Use the following additional information 1o answer the next question.

Two.of the following physics principles were used in the calculation of the
honzontal distance.

. uniform motion (balanced forces)

. uniformly accelerated motion (unbalanced forces)

. circular motion (unbalanced forces)

1
2
3
4. conservation of momentum
5. conservation of energy

6. conservation of mass-energy
7. conservation of charge

8. conservation of nucleons

9. wave-particle duality

umerical Response

o0
%%%g 10.  Inthe correct order, the principles that were applied in the horizontal distance

OOOG calculation from Numerical Response 9 were Q. and _.} o | 6~ A
OODO S . . |
HEOO® {Record your two digit answer in the numerical-response section on the answer sheet.)

oYo1610)

OROE

QOO

®

IOIO10)
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Electric Current+

When charge is allowed to flow through a conductor, the flow is called electric current. RiepeiEsgs
(1} is defined as the auses 2e that passes a point in a unit of'EsEe.

The units for electric current is C/s or the ampere (A).
{Note: The ampere is 2 fundamental S] unit just as are

the metre, kilogram and second.)

There are two ideas about current. Before electrons were discovered, physicists assumed that current
flowed from the positive terminal to the negative terminal of a batiery. In other words, current was the
flow of posmve charg? This assumption about the direction of the electric current 1s called

pent § ¥

Much later, after the conventional current assumption had become firmly entrenched in scientific
literature, the electron was discovered. It soon became clear that current was actually the flow of
negatively charged eIectrons from the negative terminal to the positive terminal of the battery This model

i3 called eloEerERETow . w} 0‘583% o

Use the following information to answer the next question,

Forpedo occidentalis is a large electric fish that uses electricity in attack
and defense. A typical individual fish is capable of producing potential
differences of up to 220 V and of generating pulses of 15.0 A current
through its seawater environment. Pulses are typically 2.00 x 107 s in
duration.

31.  The total charge transferred by the fish in one of these pulses 1s

@ 3.00x 102C 1 = G
C o 440x 107 C

C. 3.00x102c

D.  330x10°C V5

i

v

"_F—

Q

2>
32.  The equivalent SI unit for charge is 3 Do’qslc' q

A A
8 I:%
@ A-s —
N-s-T %
m % = .-L ) 'éo
anv\(i 4 ‘;’.C-é\!r'\(,f

C.

z
»
3
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UNIT HI - MAGNETIC FORCES AND FIELDS (3#as@adig

Magnetism
The Rules for Magnetism are:
= Magnets always have g

¢ eI.

#poles. Single poles do not exist.

Do not confuse North-South magnetic poles with + and - charges. Magnetic poles do not attract or
repel electric charges.

Magnetic fields
Magnetic fields are vector force fields and are symbolized as B. The
unit used for magnetic fields is the tesla (T). The shape and direction
of magnetic fields can be shown in field diagrams. In a diagram of a
magnetic field, the magnetic field is represented by magnetic lines of
force. 1t must be noted that, as the diagram to the right illustrates, the
magnetic field lines continue through the magnetic domains within the
magnet and are - therefofe continuous closed loops. Whereas
gravuanonal field lmes originate from a-mass and electric field lines
o] 55 Yt e "ﬁﬁﬁ"

The majority of the time we only draw the
field lines of interest. For a bar magnet we
draw the external field hnes to represent
the magnetic field. The itn of any
magnetic field is defined as the direction in
which the neast FseEét will point when placed in the

field.
The Earth has a magnetic field that acts as if it had a giant magnet " Norin T sn.;»tb Megiiaic
inside. The north magnetic pole of a compass points toward the 9*"9""’“‘0 pote. pole

geographic north pole. Since magnetlc north is attracted to magnetic Cﬂmﬂvs‘s
south there must be a s6T &pole located ncar the HéFEh ' '

geographic poles — there is an angle (i.e. angle of declination) between
the geographic pole and the magnetic pole.

% Far 8
54 %ﬂ%’v @‘}g@%’? %ié{ ,

south geograpmc pole. Note that the magnetic poles do not occur at the ) K

7

) .?"}*ngm.ﬂc N
‘north 3, Y

pole - South _
: L geoaraphit pole
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Natural Magnetism _ . : o \"Wﬁ“ griaedt
Only certain materials can either be made into a permanent magnet or

be attracted by a magnetic field. These kinds of materials are called . ﬁ B o -
ferromagaetic substances. According to the domain theory of - ﬁ:% o % %
magnetism, all ferromagnetic substances are composed of a large ® . = ;\@ &y o
number of regions (less than 1 pm long) called magnetic domains. . T

Each domain behaves like a tiny bar magnet. When a ferromagnenc
Ob_]CCl is in an unmagnetized state, the millions of Y&Emam ;

However ifa ferromaonenc object s placed in a strong encugh magnetic field, some of the

mqnduwd

fm The net result is that a prefened onematxon N

[ .
of the domams {in the same d]]’eCTlOI‘} as the T o= ”"E S
. RN, e |\ 3 I3
external field) cansessthemals chanesilesm ol R —
pagest. When the extema] magnetlc f' e]d 18 e - :
removed, this orientation may remain for a long \, el
time or may disappear immediately depending on the type of material. ' co\-p\'i' MicK

Lef mm“fj"é!n’

Use the following information to answer the next question.

Magnetic Fields Around Two Bar Magnets

A’

33. Given the magnetic fields illustrated above, the magnets will repel in diagrams

A. I and 11 only
B. I1 and 111 only

. I and IV only
IT and IV only
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34,

35.

Magnets can be produced when small magnetic regions in a metal line up their poles.
These magnetic regions are called magnetic

@ domains
. fields
C. atoms
D. areas

Use the following information to answer the next question.

Two bar magnets of equal magnetic strength are placed as shown below.
The point P is the same distance from each of the magnets.

The direction of the magnetic field at P due to the two bar magnets is

A, B.
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fromagnetism

ieldamonng the

. Electric fields and

conductor. Further, the ryzg B e
magnetic {ields are always perpendicular to one another.

. 'C Courtert= meagnebe
The direction of the magnetic field can be determined @CC*T\ cu c(j

using hand rules. For all hand rules, when we consider K\a 'Q"c/ld'
the movement of positive charges (i.e. conventional

current (I) flow) we uge the right hand. When consjder
the movement of negative charges (i.c. electron flow (eh
we use the left hand.s {,a;ﬁk* o

WwWive,

e carremy I

Hand Rule #1.
= the extended i indicates the direction of
current/elgetron.tlo

When a long conducting wire is bent into loop, the magnetic
fteld from each point in the Icop points in the same direction.
The result is a strong magnetic field inside the loop of wire. If
wire is wrapped repcatedly we have a coil of wire (i.e.—-a

solenoid). T FE T BT et e A : A A A A e
et SIS IassirenpruRfoTHR = ] s -
: HEH ctromagnet will depend %
on the number of loops in the solenoid and the amount of . [
current flowing through the loops. I ' %

L@\ajw m&na“ ( l"“l’q

To determme the direction of the

magnetic field in the core of the

solenoid, we use Hand Rule #2.

= 'The Tiifgexs curl in the direction of
the sggept (right hand) or the
electron flow (left hand).

= The Bamm#b will point in the
‘direction of the MESTR R
mn the core o
hence, FRES A
clectromagnet.
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Example

In the diagram be]o_v@r if electrons flow from A to B, which end of
the coil is north?

solution — Draw in arrows on the solenoid to indicate the

direction of electron flow. The fingers of the left hand (e” flow)
wrap around the coil in the direction of the electron flow and the
thumb points to indicate the North end of the electromagnet. €

o
/\\\W\D&aﬁ N.

Use the following information to answer the next question.

- A negatively charged rubber rod is moved from left to right.

36.  The magnetic field induced around the rubber rod as it moves is represented by
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The north pole of the solenoid shown below is at position

@
. n
C. 111
D. v
Magnetic Forces

A current carrying conductor is within an external magnetic field experiences a force.,
N I e Ny

ﬁfﬁ ! Fm]: I L, B Wf?%re Lis the current (A)

: % Bis magnetic field strength (T)
%\ 4 4 Lo ! Listhe length of wire in the field (m)

m

’ . e : - -
The understanding oﬁﬁfﬁ%&? led to the development of electric motors. For this reason, the action of
this force is often referred 1o the meotoreffect.

et

perpendicuiar with the fingers:

= the extended Hmgmp points in the direction of the eumsent/clectron
flow/motion '

= the extended®

 poi

=> the#h points in the d

in the direct-i of the external magnetic field

g force . ﬁ wg

When a charged particle enters a magnetic field at 90° to the field, the particje experiences a force which
1s perpendicular to jis velocity, While the speed of the particle is not effected, the direction of the
particle’s motion changes. In fact, the magnetic force acts as a centripetal force resulting in uniform
circular motion. ' -r

l:"m - Fc

MR s

R . e, LT
* S represent a magnetic & .
field (B) acting into theg qV i [BI

pbage e
&
g
Y q v,
i u*"-«‘-'«wﬂ-*‘*ﬁq- " I;_r“' B Vg
Mty RIS e s T
= or s, 4 ==
q|B “m g

" il
T iyt

Itis essential that you know how to derive this relationship.
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38.

Use the following information to answer the next question.

Cross-Section of a Wire Suspended in a Magnetic Field

A wire is placed between two permanent magnets. _As shown in the
diagram, it is positioned so that it is perpendicular to the magnetic field and
to the page. The mass of the wire js 0,850 g. The length of the wire
perpendicular in the magnetic field ig 1,30 cm.

umerical Response

®OEO 1.

When a current of 10.0 A is sent through the wire, there is sufficient magnetic force to
keep the wire supported against gravity. The magnitude of the magnetic field, expressed
in scientific notation, is a.bc * 10° T. The valuesofa,b,c,anddare__ , and

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

Flm_— Fﬂ

-

%.I.L -mMm j
2 10,03 = .000sSXTE)
& - o6l i

- A current-carrying conductor experiences a force F in a perpendicular magnetic field. A

second conductor has the same length, twice the mass, and one half of fhe current in the
same magnetic field. The-magpetic force on the second conductor is

— NusSS
A GF FrTAH b
A R
I i .
2" = Yol
C. F s
D 2F
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Use the following information to answer the next two questions.

Mass Spectrometer
+ B Fieid B Field

?

; -
$
lon gencration Velocity selection Ion
and chamber detccgen
aceeleration N and
chamber Ton separation counting
chamber

A biochemist uses a mass Spectrometer to identify the iron content m a water
sample. In the ion generation chamber, the sample is bombarded with electrons to
form Fe* jons. The ions from the sample are accelerated through a potential
difference where they enter a velocity selection chamber.

The electric field stren gthin the velocity chamber js 2.50 x 10° N/C and the
magnetic field strength in the velocity chamber fs 1.25 x 102 T. Only particles

with a certain velocity will pass through the perpendicular electric and magnetic
fields of the velocity selector,

d —} )
111 oo
)

u
®
o 12,

o oc g e Ry

The mass of the Fe** jon, expressed in scientific notation, is ab.c °.The values of a, b and
¢ are s , and

(Record al} three digits of your answer in the numerical-response section on the answer sheet, ) -
Pz Fe K qv B+ m__r‘/

' 1} %\/B :ﬁl'“;, :; q 06 - p
ST 1E l‘\g\sxr.se""g(5ef})(¥- ?Q)
] N\\v‘

B

=

_ : "‘3'6@“ } 9»66
i G | daen

OO® 13

DOO
O]
AGE
2O
PEHE
BE®
DOm
DIO)|

D@

The ions were accelerated thfough a potential difference befo
separation chamber. The potential difference, expressed in s

The values of a, b, ¢, and d are > s T, 4 and ,5

=2 0g
re they entered the velocity

{Record all four digits of your answer in the numericai-response section on the answer sheet.}

Cp= C
%A\j =Vamy?

= Y4956 X 2.6 x106)?

41 (3){1_56—”‘ r. Ron Licht
= 3‘3? Xl.o-5

cientific notation, is a.be x 107 V.




39.

40.

Use the following information to answer the next question.

Zero Momentum Collisions

In order to have the maximum initial kinetic energy available for the
creation of new particles, physicists design equipment fo create head-on
collisions with particles having the same magnitude of momentum. Thus the
total momentum of the colliding particles 1s zero.

To bend the beam of alpha particles, external magnetic fields may be used.

To make an alpha particle that is moving at a speed of 8.07 x 10° m/s follow a path of

radius 10.0 m, how strong must the magnetic field be?

R ot A T
A 537 %1020 \ ct
. - v
@  168x10°T 4,V 0 ==
C. 335 %107 T ’
D. 8.07x10°T o ™V
_ m- s

C'/("

A unit combination equivalent to the tesla is

O
. .A.SE

e}

7.2 X0 o

6 = \.QCO’X&O’;T
TV
B. N-A o Cl/
m
\th - Y
]
) Aes’ O\/
-
A
D e C-viS
9
IS
Ao

-G é5;ao'1?. T OF (toé
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snerator Effect

A changing magnetic

Thus, when a conductor moves within a magnetic field a potential difference between the ends of the
conductor is induced.

XXXXXXXXX

B
XXXXXXXXX
' Vv

X X XX %X x x x x \c:aw
- ¢ B

How does the generator effect compare with the motor - X X XX X x x X X
effect? Consider the dragram to the night where a conductor '
s placed in a magnetic field. If electrons flow fromAtoB X X XI X X X X X X C?FCQ?L
then Hand Rule #3 predicts that there will be a force on the F

wire directed to the right. This is the motor effect — an
electric current results is a force.

Now, what happens if we disconnect the power source =7 Y\\ o A eledrion Rlow

from the wire and then pull the wire 1o the right through g B

the magnetic field with speed v? The motion of the X X XX X X %X x X

conductor through the magnetic field generates a flow of gﬁmf‘c;}u
clectrons in the conductor — the generator effect. Note X X XIBX ‘X X X X x eg et
that the induced electron flow is opposite to the motor induced e flow| | v

effect. Faraday’s Law addresses the induced current flow,
but it does not predict the direction of current flow.
Fortunately, Heinrich F. Leng was investigating electrical A
induction about the same time as Faraday. In 1834, Lenz

formulated a law for determining the direction of the induced current:

X X X K X X X x x

An induced current flows in such a direction that the induced magnetic field it creates apposes the
action of the inducing magnetic field.

Lenz’s law predicts results which are opposite to the motor effect if we move the wire instead. To
account for this we can adjust Hand Rule #3. The combined Hand Ruje #3 integrates the motor effect
and the generator effect. For the combined hand rule:

= The fingers point in the direction of the external magnetic field.

= The thumb points in the direction of what is input.

= The palm points in the direction of what is outpnt.

Thus, if current is being input, the current is the thumb and the resulting force is the palm. If the wire is

43 Dr. Ron Lichi




Consider a magnet pushed into a coil of wire.

Which way will the electrons flow?

According to Faraday’s law of induction, an
electron flow will be induced in the coil wire
the motion of the bar magnet into the coil.
However, as we saw earlier, an electron flow
coil of wire induces a magnetic field (i.e. an

’S,rﬁ) ‘xffanfﬁo -Q{ el

AWAWA

VAVAVAVAY,

by

in a

A B

""‘-J f‘d(tt

Lrela

clectromagnet). Therefore, the induced electron flow in the coil will, in turn, produce a new induced

magnetic field in the coil.

According to Lenz’s law sisesiwduced
Ww]ﬂ‘ﬁf‘fﬁ*@fﬁﬁ%ﬂmﬁpnse the
wotoEsPFtRE0Tiginal agneac ficld.
Therefore, we indicate that a north pole will
be induced on the right end of the solenoid
since it will oppose (repe!) the motion of the
bar magnet.

Using the hand rule for coils, the thumb
points in the north direction while the fingers
wrap around the coil in the direction of the
electron flow. Therefore, the electrons flow
toward A and away from B.

AWANWAWAY

Now consider the situation when the magn‘et'is being pulted out of a solenoid.

According to Lenz’s law, the solenoid will
have an induced magnetic field which
opposes the motion of the inducing magnetic
field (the motion of the bar magnet).
Therefore, we indicate that a south pole will
be induced on the right end of the solenoid —
the solenoid is trying to pull or attract the
magnet back. A north pole will be

induced on the left. Using our hand rule,

the electrons flow toward B and away
from A.

[~ S |
AWAWA N
[N S|
I"U —
A B
AWAWAWAWAWA NS
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41.

42.

Use the following information to answer the next question.

Almost all electric guitars use devices called electromagnetic pickups. A
guitar string 1s composed of metal that becomes magnetized by a permanent
magnet found below the string. A coil of wire surrounds the permanent

magnet.
Pickups \ — Guitar stri ™
/ N } uitar string \
) 5 ¥
s Permanem'
: magnet
' s
: To
CW{ _ amplifier

Side View /

When the string is plucked, a small current is produced in the coil of wire because

a potential difference 1s produced 1n the string
there is a current in the string that can be amplified
there is a charge build up on the string
~ the string behaves as a magnet moving toward and away from the coil

o= >

Use the following information to answer the next question.

o) e Current Induction
A EHRAAAYERHNALARLK
a0 oot g kX xnx
0% HXXEXEH MEX XX XK
X —Magnetic XXX XXXMOEXXR . X
field EXXUXXKMENAL LY~ X
direction ¥ XX XXX XX E XX KLX
HEXEXXE KX HXEXRARE
EEKEEXH AKX KA KX
. V4 i
A conducting rod is moved through a perpendicular extemal magnetic field
at a constant speed. The rod is attached to a circuit with a resistor.

The direction of the flow of clectrons induced by the rod's movement is

A.  totheright | 'f\»w (3) ) who peg

B. into the page F&im ({; G“WY forn 7 (thtsi‘)

: ig clockwise around the circuit

counter-clockwise around the circut {,—Lumb - chitehon 0{' cwrrcj
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43.

Use the following information to answer the next question.

Rod waget

J

|
I
r

A positively charged sphere is suspended by an insulating thread between

two neutral parallel plates, 1 and 11. The plates are connected by wire to a
copper rod.

A student moves the copper rod to the right in an external magnetic field.

As the student moves the copper rod, electrons flow toward plate __i __and the charged
sphere is observed to move toward plate __ii__ but does not come in contact with it.

The statement above is completed by the information in row

Row i il

A. I 1

B. 1 II

C. 1l I

(D.) 1l 11
46
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Use the following information to answer the next question.

V=8vl!

A wire of length / (with a speed v) passes perpendicularly through an
external magnetic field B..

44,  When the magnetic field strength 1s 0.235 T, the speed of the wire is 10.7 nv/s and the
length of the wire is 27.8 cm. The numerical value of ¥ in Sl base units is

£ 0699 b v - A

B. 251 = 25107 - ok g
C. 699 = 0.099 Vb
D 251

Electromagnetic Waves
Based on the work of Oersted Faraday, Ampere and others, James C]erk Maxwell suggested that a
FERPEs ¢ 3 ’éﬁeld and a cha (REARFTITEDL Ty

e]ectnc field mduces a changmg magnetlc f eld
which induces a changing electric field which
induces a changing magnetic field which induces a
changing electric field which induces a changing
magnetic field which induces a changing electric
field which ... Maxwell stated that energy could
move through space by means of these fluctuating
electric and magnetic fields. Energy moving through : SR :
space suggests the ex1stence of a wave. Maxwell had proposed a new kmd of wave — an electromagnetlc

theheprop - 3. Farther eva]uanon of these proposed waves revealed that in free space
eleetromagnetle waves would move with a speed of 3.00 x 10® m/s — the speed of light. Based on this, he
suggested that light is an-electromagnetic wave.

Students are required to be able to
demonstrate an understanding of the
electromagnetic spectrum in terms of 103 10‘ : 197

'eqm.ncv(ﬂertz) S

frequency, wavelength, energy and the

natural and technological processes by

which the different parts of the

spectrum are produced. You are

responsible for

= knowing the various members of
the electromagnetic spectrum and
their approximate-range of
frequency or wavelength.

= knowing how each type of
radiation is produced and detected. ,

= using the universal wave equation - T e _' ' ?00 (Vjs:b]c hght;mﬁ e
¢={A to calculate wavelengths ' '
and frequencies of any EMR.

: 10‘ 197, :
) W.welength {men-es) -

| '_"’rg-|re;ff'§“’ B
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The Electromagnetic Spectrum

Type of Frequency  Origin of Radiation Applications or Effect of Radiation
Radiation Range (Hz)
low ~60 weak radiation emitted from AC causes interference in radio reception when
frequency power lines passing near high voltage transmission lines
AC
radio, radar, 10" - 10" oscillations in electric circuits transmission of radio and TV communication
TV containing inductive and capacitive  signals; ship and aircraft navigation by radar;
components reception of radio waves from outer space by
radio telescopes; control of satellites and
space probes
microwaves 107 —10" oscillating currents in special tubes  long range transmission of TV and other
and solid state devices telecommunication information; cooking in
MICTOWAVE OVENS
infrared 10" - transitions of outer electrons in causes the direct heating effect of the sun and
114 ’ g
radiation 4 %10 atoms and molecules other radiant heat sources: nsed for remote
sensing and thermography
visible light 4 x 10" - higher energy transitions of outer radiation that can be detected by the human
g 1 2 gy 3
8x10 electrons in atoms eye
ultraviolet 8 x 10" - even higher energy transitions of causes fluorescence in some materials; causes
radiation 10" outer electrons in atoms “tanning” of human skin; kills bacteria; and
aids in the synthesis of v:tamm D by the
human body
X-rays 10" - 10" transitions of inner electrons of easily penetrates soft lissue but are absorbed
: atoms or the rapid deceleration of by denser tissue, like bones and teeth, to
high energy free electrons produce X-ray images of internal body
structures; also used for radiation therapy and
non-destructive testing in industry
gamma (y) 10" —10™ spontaneous emission from nuclei treatment for localized cancerous tumours
rays of atoms; sudden deceleration of ' -
very high energy particles from
accelerators
cosmic rays > 10% bombardment of Earth’s atmosphere

by very high energy particles from
outer space

As an aid to help you remember the important parts of the electromagnetic spectrum you should

memorize these three things:

1. Remember 700 nm (red) to 400 nm (violet).

-2. ROYGBIV

3. The f;)gig;@r},gf table: s,

P ENy(E Fr equency (Hz) N Note that each frequency type goes up by a factor of 107
T'V_’ Ao g *so you only have to memorize the order and the starting
Microwave , frequency. To find the equivalent wavelengths, use the
Infr?—Red - i universal wave equation. Recall that the speedsofmall
Visible ! formseofdightsis:3:00=s:10%5s and that the FEOFERT
uv ofulEEM Reismceeleratinsehanges.

X-rays '
Gamma

A — —

IR -
‘,-,.-.‘.'v_-.-\-e:ﬂ; -
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Use the following information to answer the next three questions.

There is strong evidence that at least two planets are orbiting the pulsar
neutron star PSRB 1257+12 in the constellation Virgo. The star emits radio
waves that are detected with the 305 m diameter radio telescope in Puerto
Rico. However, the orbiting planets’ gravity causes the star to wobble in its
rotation. The time it takes for the emitted radio waves to recach Earth varies.

45.  One difference between radio waves and visible light is that radio waves
A. cannot be reflected
B. cannot travel through a vacuum
C. travel at a Jower speed in a vacuum— &\ $rauel af

@ have a longer wavelength than light @w e |;‘§}\)-,

46.  Radio waves from space longer than 1/10"™ the diameter of the radio telescope are
undetectable on Earth's surface because of atmospheric interference. What is the
approximate lower limit of the frequency of detectable waves?

A. 1.0x 107 Hz

B. 32 Bz _L
g? 9.8 x 10° Hz C=7"A
. 92x10°Hz 2.7 -0 -30.5
b
CI,E)UD Hy = -?

I
NOlG

@@@@ 14.  When the radio waves arrive 3.1 x 107 s sooner than predicted, the pulsar's orbitin
0301010, P &
lanets have pulled the source of radiation closer to Earth. The change in distance,

DEOG P . . o
0161010 expressed in scientific notation, is @.b x 10° m. The values of a, b, ¢, and d are , ,
DBO® __and__ . 9 3
101010 o g
o . (Record all four digits of your answer in the numerical-response section on the answer sheet.)
200
DIOI010)
POOO o U= o

: +

3 69 fng d

313
s
=q43x%10” m
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Use the following information to answer the next question.

Sources of Electromagnetic Radiation leasi™g
/"7 ff—P [4 (\.n;-.*la l{/)
Movement of outer electrons to lower orbitals
Deceleration of high-speed clectrons —> :.z-n»\[s
Decay of radioactive nuclel —> gamm e

Electrons oscillating in a circuit = rado

[Numerical Responsd
[0]0)

%%% 15.  Match each of the sources of electromagnetic radiation with the type of electromagnetic

B W b

OO radiation it produces given below. Use each number only once.

DEOG

D@ ®E Process: ﬁ | 9\ [/'

DEEE Type: Gamma Visible X-rays ~Radio

% % % rays light waves

¥

% g {Record all four digits of your answer in the numerical-response section on the answer sheet.} -
47.  Which of the following sets of electromagnetic radiations is arranged in order of

increasing photon frequency?

A, Gamma rays, ultraviolet radiation, radio waves

@ . Radio waves, ultraviolet radiation, gamma rays-
Gamma rays, radio waves, ultraviolet radiation

D. Radio waves, gamma rays, ultraviolet radiation
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Light — Properties of Light

Basic properties of light .
1. «Is§ ] %. This is also referred to as rectilinear propagation. The
evidence for this is that light creates shadows and it does not appear to bend around corners.

Bt Feledawiefigeametry. We can solve many problems by using straight lines to
construct similar triangles and set up ratios of sides.

The speed of light

Galileo tried to measure the speed of light by measuring the time required for light to travel a known
distance between two hilltops. He had an assistant stand on one hilltop and himself on the other and
ordered the assistant to }ift the shutter on his lantern when he saw a flash from Galileo’s lantern. The time
was so short that Galileo realised that the reaction time was far greater than the actual time for the light to
move across the distance. He concluded that the speed of light was extremely fast, if not instantancous.

The first successful determination of the speed of light began with an observation by the Danish
astronomer Ole Romer (1644—1710). Romer noted that the period of one of Jupiter’s moons (lo) varied
slightly depending on
the relative motion of Earth /2
the Earth and Jupiter. year later / Earth Jupiter
When the Earth was O 23
moving away from
Jupiter the period was lo’s
slightly longer, and ' orbit
when Earth moved _ < : >
toward Jupiter the o Distance difference =

; ; 2 x radius of Earth
period was slightly .
shorter. The Dutch scientist Christian Huygens (1629-1695) was intrigned by Romer’s result. Huygens
reasoned that if they measured when Jo appeared from behind Jupiter for different positions of the Earth
relative to Jupiter, there should be a time difference. Using the difference in distance and time

&

distance difference 2 x radius of Earth orbit

speed of light=——: - = - - :
time difference time difference

Alberta A. Michelson used a
rotating mirror apparatus. Light
from a source was directed at one
face of a rotating e¢ight-sided @J
mirror. The reflected light

travelled to a stationary mirror a
large distance away and back
again as shown. As the light
travelled away and back, the B 50 km -
eight-sided mirror rotated. If the -~ -
rotating mirror was turning at just the right rate the returning beam of light would reflect from one of the
mirror faces into a small telescope through which the observer looked. This only occurred if the mirror
was turning at exactly the right rate. In this manner, the rotating mirror acted as a time picce. By
knowing the frequency of rotation and the two way distance travelled by the light, one can calculate a
very accurate value for the speed of light.

obsgrve
Stationary
reflecting

Rotating
eight-sided
light source
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Example problem

In a Michelson-type experiment, a rotating eight-sided mirror was placed 50.0 km from the
reflecting mirror as diagrammed below. The observer found that in order to observe the retum
light ray, the mirror had to rotate at 375 Hz. What is the speed of light calculated from this
_experiment?

a. Calculate the time for b. Calculate the tiﬁle for ¢. Calculate the speed of
one revolution — T the light to go 10 and light.
return from the reflecting
T=l mirror — 1/8° T V:E
T At
B 1. At=1T=%(2.667x107"s) 2% 50.0x10°m
- 375@:&5:’ _4 V=——"——""""—"""
s At=3333x1{0"s 3.333x1077s

T=2.667x107s v=3.00x10%/

The accepted value today for the speed of light in vacuum 1s

¢ =2.99792458 x 10° nvs which we usually round offto ¢ = 3.00 x 10% mys.

Light year — a distance :

The vast majority of objects that we see in the night sky — stars, galaxies, nebulae — are very far away
from us. In fact, for some objects it has taken light billions of years to reach us here on Earth. Therefore
we are not seeing objects as they are, rather we are seeing them as they were many years ago when the
light started toward us. These objects are so distant that it makes little sense to talk about them in terms
of metres, kilometres or even billions of kilometres. A more convenient measure of distance for celestial
objects is the light year. Afinttyeamste e iNmaatFar; ivelyiamameryedr. (A light year is not
a unit of time.) ‘

Law of Reflection

The Laws of Reflection are: :

e angle of incidence (8;) equals the angle of reflection (8,). (87 6,)

280, and 0, are always measured from the normal to the surface of reflection.
e incident ray, normal, and reflected ray all lie in the same plane.

normal

6,

Incident Reflected ray

Index of refraction

The fastest that light can travel is in a vacuum (c = 3.00 10® m/s). In other substances, the speed of light
is always slower. The index of refraction is a ratio of the speed of light in vacuum with the speed of
light in the medium:

speed in vacuum (c)

index of refraction (n} = - .
R speed in medium (v)

52 Dr. Ron Licht




cel
Law of Refraction ~ 6@ ’

Refraction is the change in speed, wavelength and direction of light caused by a change in medium.
For example, when light passes from air into water, the speed decreases, the wavelength decreases, and

the light ray bends in toward the normal.

normal
0 - angle of incidence
Incident ray o, 0, v, A
0, - angle of refraction
n, vé LA Refracted ray
_ 0.

Total internal reflection

The Law of Refraction is:

snb M M’

sing, A, v, n

and we can use any pairing that we desire.

When a light ray passes from a more optically dense Lown M
medium (high n, low v) to a less optically dense
medium (low n, high v), the angle of refraction {(6;) is High n
greater than the angle of incidence (8)). 0,
oW n 0,
“ High n
gh N |
,c_,n'* f'C;:-tl q,,dL i

o Lown 0. =90° - alonys i mrdlC :;( )
At the angle of incidence called the eritical angle y 5 NGRS
(0.) the angle of refraction = 90°.

H]gh nn ec

Total internally reflected
light ray

.- L
Al angles beyond the critical angle, (;w "
igh speed}
refracnon can no ]onger oceur — the
result 1s # el
which obeys the law of reﬂectlon Highn
In other words, at angles beyond the  (low speed)

critical angle the boundary between
the media acts as a mirror surface.

S T S .-.:.’:"". S
"“'*Ei_“!:'-z O OErD =y

Note that 18%

does not occur when light travels from high to low speed med;a
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0J01010.
0101026,
01e1010;
0101010,
QOO
COE®

Dispersion V)
The index of refraction (n) depends, to

(\é;moﬁs \e5>
\ s oF
\0\ 0" ~

a small degree, on the frequency of the

light. Normally this effect is so small
that it does not result in a noticeable
difference between different

wavelengths (i.e. colours) of light, but red

for glass triangular prisms, the orange
difference in the index of refraction for yellow
different colours of light results in a green
separation of the white light mto its blue
spectrum of colours. This separation violet

of light into its colours is called
dispersion.

Rainbows are also a result of
dispersion. Different wavelengths
of light are refracted by different
amounts by the water droplets. In
this way, the different colours are
separated resulting in a rainbow.

Thse two rayfs afe
'seenbv obwwer . T
,.:{mzt o scaieﬁ LT

Use the following information to answer the next question.

Pinhole Camera

1.05 m — i s

| ”cﬂmem
A pinhole camera produces an image ofa 12.0 cm object.

umerical Response

16.  The object is 1.05 m from the front of the camera and the camera is 14.0 cm long. The
height of the image on the back of the camera is cm.

(Record your three-digit answer in the numerical-response section on the answer sheet.}

SN |

T~ e
- .0 :
o5 = R 60em

VA o
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Use the following information to answer the next question.

Shadow Formation by a Point Source

360 cm §
shadow  §

Poing )
souree } s00om
Of hghl Qbifﬂi )

B

le— 250 cm i : . d : :,

;

48.  An object 5.00 cm high is placed 25.0 ecm from a point source of light. A shadow 36.0 cm
high appears on a screen. At what distance, d, behind the object is the screen placed?

A, 7.20cm _.5._. - 36

A5 d+a5
B. 32.2 cm . 9-‘5
£ 155m 25 2 Eiﬁg**
D. 180cm Jd =155

Use the following information to answer the next question.

.' -I ’
SN NANANNA NN ANNY,
e C?"i'ﬁzc‘

A light wave is reflected at P and again at Q. The diagram is not drawn to

010 scale.
GEOE

2000
OG5 Numerical Reponse

ololole :

o @\g 17. The calculated value of angle R is 77@ degrees.

® v B .

HEH® {Record your two-digit answer in the numerical-response section on the answer sheet.)
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Use the following information to answer the next question.

One accurate method to measure the speed of light is illustrated below. When
the 8-sided mirror is stationary, light from the source reflects from surface I,

travels to the stationary mirror, reflects from surface 1V, travels back to the 8-
sided mirror, reflects from surface 111 and is incident on the detector.

Light
SORFCS

Stationary
miror
“f
8-sided
wtaling miror ¥
Light
detector
49.  The minimum frequency at which the 8-sided mirror must rotate so that a pulse of light

folows the path illustrated 1s \i

vz

g &
@536x10 Hz \ A A
B. 1.07x10° Hz 37 =2 20000 2Bx0 '$
3 +
C. 429%x10° Hz 5
AT c3Lnes.
D. 3.43x10° Hz = 23x 1018 37t
Use the following information to answer the next question.
Refraction through a Water Layer
air
321 ‘
~ water
n o= 1.33
\ ;—5 2
Crown giaési
1\ 7 o= L350
50. The angle of refraction in the crown glass 1s ]
A 368° S s 2
B, 7321° ' EC I a1
€ 281 2 hg = 13> Swmian 5
- D. 20.7° — % 35
S X 1,0°
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51.

52.

Use the following information to answer the next question.

air

matenal |

materizt 11

aiy

A ray of light passes through. two different transparent materials as shown.
The faces of the matenals are planar and parallel.

The speed of light in matenial I, compared to that 1n air and material 11, 1s

less than in air and less than in material 11
greater than in air but less than in material 11
less than in air but greater than in material I1
greater than in air and greater than in matenal H

o0 wEE)

Use the following information to answer the next question.

“white
hight

Water [\Cd r&“’*ﬁg

droplet
leess

N

White light passes through a water droplet. P and Q are typical rays in the
outer regions of the visible spectrum.

The color of ray P is most likely

@ red

B. blue
C. green
D.

white
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Use the following information to answer the next question.

In the following ray diagram, the angle of refraction in glass is 48.0°.
Water
n=133
O 7
57
N\ 7y < Glass
/. n=1.55
(\’b’
Air
n=1.00
53.  Which of the following diagrams indicates the remaining rays that correctly completes
the ray diagram?
A. A : B.
c ®

Y A% 1.0
— —
490 1.5

e . 0.1

(JLC{/Il i él(ug oméle 'F/g,:-\ 3,1\)[-—) s

Since a,-.j!-c 15 S/

i” k/,,(,o red lechon oceu

58

Dr. Ron Licht




54.

Use the following information to answer the next question.

horizontal 1n the water.

A scuba diver looks up and sees the sun’s rays at an angle of 65° from the

(The diagram is not drawn to scale.}

18

A 25.0°
_ 34.2°

C.  43.0°

D, 558°

59

Given that the refractive index for water is 1.33, the angle of incidence © for the sunlight

np 5|¢1 9-!
—

1. 7 ia 0?/
|.33/ fin By '
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Polarisation _
When light travels through space it vibrates in all planes. However, when light is passed through-a

polarising filter, the filter allows light waves through that are vibrating in one plane.

. wrolorized

- polorizes CRICHIZIGT ORI

\

clanzing o - o
B g plang. # —
Laapra R T
poanzad P TERY

|

In the diagram above, un-polarised light passes through a polarising filter that is oriented to et
horizontally vibrating light to pass through. If the horizontally polanised light next falls on a second filter
that polarises light in the vertical plane, the light energy is almost compleiely absorbed.

When polarising filter axis’ When polarising filter axis’
are parallel, light passes ~ are perpendicular, no light
through. passes through.

Since only transverse waves can be polarised, we conclude that ¥istslwelr
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Interference of light

In 1801, a key experiment was : T e

performed by the brilliant Wmm——h ﬁ [I"“\«

Thomas Young (1773 - 1829).  suwe ————1— i ;

If light consisted of particles ravs E\ﬁ %\‘%‘% - E%

the result would be two bright e R s R } i

fringes on the screen (screen b ' I S A '

below), but the actual results \N \]

were quite different. Instead :
2 . ) : oy et

of two bright fringes, there
were a series of alternating bright and dark fringes (screen ¢ beIow)

Young reasoned that he was seeing a '

the diffracted light from the other slit. When two waves meet they interfere with each other in an additive
fashion. The waves combine either constructively or destructively dependmg on the situation. When

occurs and these are called nodes or minima or ¢

The inlerferenée eq'uations are: ° L
oo
. o\}e'( ! C}@"‘ © ot 7\
- d dsin® 0 Where: e ,
A= & distance between shits v A
n B — the distance from the slits to the viewing “screen™ or area
d * &s— the distance from the central maximum to the node or antinode of interest
% = Xn #_ the wavelength
nlL 4 — the angle from the centre line to the node or antinode of interest

!

Ditfraction gratings
A large number of equally spaced parallel slits is called a diffraction grating. The spaces in between the

lines serve as slits. Gratings containing mere than 10 000 slits per centimetre are common today. A
double slit apparatus produces an interference pattern where the fringes tend to be broad and relatively
undefined. Diffraction gratings produce very sharp and well defined bright fringes.

The main difference in caleulating variables between double slit problems and diffraction gratings is the
way that slit separation is reported for diffraction gratings. Say, for example, a diffraction grating has
5000 lines/cm. To find the distance between the lines (d) requires two steps:

1. Calculate the number of lines per metre,
50001 i
ines 100cm — 500000 iines
cm m m
2. To find d, simply invert 2 to obtain o .
=;_:2.0x10_6m :
500000t ,

61 Dr. Ron Licht




55.

QO

(0101020
RO
BOOO
OO
0161010,
0101610
COQO
0101010
161010

010

HOOE
BO@O
@O
HEOOO®
1016010
®eE®
COCO
DEO®®
GEEE

The idea that light is a transverse wave is supported by evidence that light

) canbe polarized

B. bends toward the normal when slowing down
C. bends away from the normal when speeding up
D. waves will interfere with each other when passing through two narrow slits

umerical Respons

D®®® 138,

Light passing through a double slit of $eparation 3.0 ¥ 107 m produces a first-order
maximum 3,0 cm from the central maximum on a screen 1.5 m away. The frequency of
the light, expressed in scientific notation, is a.b x 10° Hz. The values of a, b, ¢ and d are

__m.’_i’.__ﬁand [,

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

NzAx VL A
2 .
-2 5 § = vsope
'§£;é§“ o
;l'.’5! A ©
ceo = b

@OE@ jo,

Photons with energy of 3.10 €V are passed through a diffraction grating with 5.20 10°
lines/m. The grating is Jocated 80.0 cm from a screen. The diffraction angle of the:
second-order image from the central bright lineis ___ °.

{Record your three-digit answer in the numerical-response section on the answer sheet.}

N=dond S
T — 0 “g"h
N RO Fugr- )
(&Qg?'f@jigééTé U x Uoe -7
7 -7 ug? =o'
PY6 = 56
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Optics — mirrors and lenses

Ray diagrams

For curved mirrors there are three very useful rays which may be used to determine the position,
orientation and nature of an image being formed. The point where the three rays cross is the location
of the image. :

Ray ] The incident ray which is parallel to the principal axis will reflect
through (or away from) the focal point.

Ray 2 The incident ray through the focal point is reflected parallel to the
principal axis.

Ray 3 The incident ray travels along a line that passes through the centre of
curvature and reflects straight back.

Similarly for thin lenses, there are three important rays:

Converging lenses

" Ray 1 travels from the object parallel
to the principal axis. In passing
through the lens, the ray is refracted
away from the virtual focal point of
the Jens. -

Ray -els from the object parallel to
he pri..apal axis. In passing through the
ens, the ray is refracted to the real focal -
»oint on the other side of the lens.

RE -

Ray 2 travels from the object

- toward the real focal point. It
" then emerges paralle} to the

* principal axis.

ay 2 travels through the virtual focal
»oint and is then refracted by the lens to 4
:merge parallel Lo the principal axis.

ay 3 travels through the centre of the

" Ray 3 travels through the centre o&:‘j
hin lens straight through.

the thin lens straight through. -
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Mirror and lens equations
The equations used for calculating the position of an image from a lens are identical 1o the equations forw

o }

MIors. et e ey e /
L i n—" {

i I where {
. / _ 1 | 1 f/ focal length (converging +, diverging -)}
' f d d. d, distance 1o the object
é\‘_____% }: i q d; distance to the image (real +, virtual =)

} M = h_' = — h, height of object ‘

/ o d, h;  height of image (real —, virtual +)
M  magnification: real, inverted (=)

i virtual, upright (+)
éw__,,—»w..—a-‘““‘“ WWWW w&wﬁ& ;
s fﬁ,,;—«f‘*“ww
56.  An object is viewed in a diverging mirror with a focal length of 10.0 cm. If the object is

2.00 ¢m tall and 15.0 cm from the mirror, then the image is
\ ]

A. larger, real, and 30.0 cm from the mirror J_ - 1t~
B. larger, virtual, and 6.00 cm from the mirror i\ do A
C. smaller, real, and 30.0 cm from the mirror | }
(D) smaller, virtual, and 6.00 ¢cm from the mirror ~~ ~ = — ¥ ~:]“
SRR
ThOgm

Use the following information to answer the next question.

A concave mirror, its central axis, and an object are shown in the diagram below.

The distance from the object to the focal point is 2.40 cm and the focal length of the
mirror ts 4.30 em.

57. The distance from the image to the mirror is
B. 0.184 cm L .

C. 543 cm '}?:’ Ao A
@ 12.0 cm

|- i

B
w3 ¢7

128~ ~ CQ\
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58. A lens with a focal length of 4.0 cm generates an inverted image which is five times as

large as the object. What 15 the object distance?

@ + 4.8 cm J%/m.q-d{ |

B. + 9.6 cmn
!
C. +19.2 cm \) do *s;r“lai PJ‘T
D. +24.0 , y
e T
+€d, ’ U4 do o

+5do
q

9z
Use the following information to answer the next qu est

&Lg j

4.6

59.  What will be the description of the image?

The image is erect and is located beyond 2F on the right side of the lens.
@ Theimage is inverted and is located beyond 2F on the right side of the lens.
C.  Theimage is ercct and is located between F and 2F on the right side of the lens.
D. Theimage is inverted and is located between F and 2F on the right side of the lens.
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UNIT IV — ATOMIC PHYSICS (20 - 30%)

Cathode Rays
J. J. Thompson studied cathode rays using tubes similar to the one shown below.

eleciic field plates -~ Path y results when the electric
A field provided by the paral]e] plates
is in operation.

cathode
Path z results when the electric and
magnetic fields are adjusted so that
their net effect on the cathode rays

: is zero.
Lﬂﬂ i Path x results when the particle
g ancde = goes through the magnetic field
large potertict difference coils 1o produce magnetic field alone. T W,-wmma%
4 "“vt@

Thompson could vary the speed of the cathode rays by changing the potential ' —
difference between the cathode and anode. He could determine a precise value for thﬁ qV B =g EL f‘
speed of the rays by balancing the electric and magnetic forces acting on the rays. N L
gt v ‘Bl = E]
Once he had measured the speed of the cathode rays, he turned the

electric field off and the cathode rays are then deflected into a E
circular path by the remaining magnetic field. He could measure \

the amount of deflection by taking distance measurements on the - =
screen at the end of the tube. [B

At the time, Thompson did not know the charge or the mass of the cathode rays.
Therefore, the best he could do was to measure the charge to mass ratio of the
cathode ray. The charge to mass ratio for a cathode ray is 1.76 » 10" Crkg. This
large value indicates that a cathode ray (i.e. -- electron) has a huge amount of charge
relative to a very small mass.

Based on his work, Thompson proposed a new model of the atom, one where the
atom was a sphere of positively charged fluid interspersed with electrons. This model is referred 1o as the
“plumb pudding” model. '
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Use the following information to answer the next six questions.

An investigation is performed using the apparatus shown below. Electrons
are accelerated from rest from the cathode by an electric potential

difference. The cathode and anode are 2.00 x 107 cm apart. The electrons
reach a speed of 2.10 x 107 m/s as they pass through the hole in the anode.

Electrons then pass undeflected through a region in which there is both an
electric and a magnetic field. The electric field is produced between plate 1
and plate 11, which are 3.00 cm apart. The electric potential difference
between the plates is 12.0 V. Two current-carrying coils produce a magnetic
field that is perpendicular to the electric field.

The electric potential difference between the cathode and the anode, expressed in )
scientific notation, is a.bc x 107 V. The vatues of 4, b, ¢, and d are , , , and

3
The electric field between plate I and plate H 1s \//m - (:"-'7‘ V1.6 Xio'v
= H“_‘—"“—“L.
A.  4.00 x 10° V/m, toward plate I _,_.L—ju-* \\:\ J_T/
B  4.00 x 10> V/m, toward plate 11 A _ V2
4 7 ——
C. 4.20 x 10" V/m, toward plate | . 03
D. 420 x 10’ V/m, toward plate II = Yoo
n
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Use the following additional information lo answer the next question.

The apparatus is then modified so that there is no electric field between
plate 1 and plate II. The current flowing to the solenoids is adjusted so that
the electrons are deflected in a circular path of radius 2.05 cm with a speed
of 2.10 % 107 m/s.

elo F = 2,
G m= —
%8%% umerical Response “LB— .v?—}-

@@
®®@®®21.  The magnitude of the magnetic field between the coils, expressed in scientific notation,

HEOLG isa.be x 107 T. The values of @, b, c,and dare_&, , <, 3 ,and 3 .
0101016

%%%% {Record all four dig.its' -m" your answer in the numerical-response section on the ;nswer sheet.)
IO1010. v
Glololo L5 xi0 ™

61. Atoms in the phosphorescent screen absorb the energy of the cathode ray particles. They
re-emit this energy in the form of photons of energy 4.11 x 1017 J. One of these photons
has a wavelength, expressed in scientific notation, of

15 b
A. 161x310"°m —
A Y \4
@ 484 %107 m e’ = (630 ?‘.o#\o
C. 2.07x10°m ) )'\"
D. 620x10"m L x s UBY AL -

62.  Which of the following diagrams shows the direction of the electric field between plate 1
and plate 11?7

ofiented outof the page
onented into thepage -~ Ukl
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- 63.  Which of the following free-body diagrams shows the forces acting on an individual
¢lectron as it passes undeflected between plate I and plate 117

% B. A
F. Fe
[ J W
IS

Fm yFo ‘e -

C. F D. \Fm a&‘d—dj
® FW\: F(/

Fe VFe e ol quufﬁ has
ne W on e;’ {

Elementary Charge — Millikan’s oil-drop
+ + + 4+ + + + + + +

experiment
Robert Millikan performed the oil-drop . / oil drop with a
experiment to measure the elementary charge. _+J yl () charge
A simplified version of Millikan's apparatus variable voltage |
consisted of a small pair of horizontal parallel
plates connected to a variable power supply. TI F
\ g

=]

An individual droplet could be observed. If the droplet was brought to qlEl =mg

rest or at constant velocity, the gravitational and electric forces were

balanced. The elementary charge (1.60 x 10™"° C) is the magnitude of the q AV

charge on the electron and on a proton. —d =
A

:mgAd
AV Tip

64.  InaMillikan expeniment, a small sphére with a mass of 8.16 x 10" kg is suspended ! F;
between plates that are 2.00 cm apart. This sphere is maintained at a potential difference v
of 1.00 x 10> V. What is the charge on the small sphere?

A, 160x107°C te = Fj
@ 160x10tcC L1E =™y
C.
D.

mg

8.00x 10" C ’ 1 [ NIV VE A

0wov

4.00x 107 C 18
1° Leodps €
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Use the following information to answer the next question.

In a Millikan experiment, a small sphere with three excess electrons and a
mass of 6.78 x 107'® kg was injected between plates that are }.75 cm apart.

B T T T o i s e e e e e e s s o
/)

o FbQ 175 cm

The oil drop was observed to accelerate downward at 2.50 m/s’.

umerical Response

010
g%g% 22, The potential difference between the plates, expressed in scientific notation, 1s a.bc % 107V,
% % @@ The values of a, b, cand dare \ , %", \ ,and 4.
@ g% ) {Record all four digits of your answer in the numérical-response section on the answer shce_:.)
O161GI0]
506 | - _E

GLO o r - g -

@ 1‘“ Y\C)' - __.l{r.
e e = -ﬁ/u:( ct

-t v
G525 g et am - (3 e °) (.‘-Z‘”hs) .
- 1950.64 =
81 V
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Rutherfora s Seaiterng Expariment
Ermest Rutherford, a student of J.J.
Thompson, performed a set of experiments Gold Foil
attempting to provide evidence that would
support the Thompson model of the atom.
These experiments involved directing alpha
particles toward very thin foils of different
metals. 1f the Thompson model of the atom
was valid, these particles would pass
through the foils with little or no change in
direction.

o< particle
emitter

Slik

Rutherford was quite surprised to find that Detectmg Screen
although most did show little or no
deflection, Fifmspfthemardelanshiowithiangeds anples and that some particles actually
rebounded directly back from the foxls Thas cou]d not be explained by the Thompson model. Rutherford
realized that, in order to explain these observations, the positive charge and essentially all of the®&ggss of
1he atom (recaIl that e]ectrons have ms:gmﬁcam mass compared to even the lightest atom) must be
Y treseERpaes. Rutherford called this concentration of mass and positive

SRR S

charge the nuﬁl’m@ﬁé@@w A0

In addition, the size of the nucleus was found to be on the order of 1 0" m, which is about 1/1 000" of the

diameter of the atom itself. This suggests two things:

s the electrons in the atom occupy the majority of the atom's volume.

e  since the electrons have so little mass they must be even smaller than the nucleus and therefore the
atom must be mostly empty space.

“fiodel of the atom was devised in 1911. The electrons had
a certain speed and the electrostatic force between the nucleus and the
electrons kept the electrons in orbit. However, this model seemed to have
several ma_}or ﬂaws

m@ﬁmﬂ@@i@wmﬁﬂ%bmmq»_ Invaenits

- and thus would continually lose kinetic energy The
electrons should be spiralling into the nucleus.

= How do all the positive charges stay in the nucleus?
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Use the following information to answer the next question.

Scattering of Alpha Particles

- K ]
5 R 1AY
N 5 s
(3 [ ‘ } 4
PR I3 .
[ K -
. Ha / -

L -
-

5
C-
&
o

L
\\' .

x
O
>N
|
|
!
1

Three alpha particles traveling at the same speed are deflected by the
nucleus of a gold atom. : :

65. If particles X and Y are deflected as shown, particle Z will take path

A _ !’6’6}‘ ;}v J[WH-h s fone

B. 11

1l <ty F
4 . 2

66.  One of the reasons that Rutherford's planetary model of the atom has been modified is
that observations of the atom do not support the theory of electrons orbiting the nucleus
in a manner similar to planets orbiting a star. However, according to Maxwell's theory of

“electromagnetic radiation, such an orbltmg electron shou]d emit electromagnetic radiation
because

the electron is travelling at uniform speed

@ the electron is accelerating toward the nucleus
C. there is an electrostatic force of repulsion between the orbiting electrons
D

there is an alternating electromagnetic dipole as the electron switches sides of the
nucleus

KCS CDT‘CEP‘S &LLO\ er c&y c\wfs Pfocﬂq@ C"CC}‘O""“‘\‘}“‘#’"

fz,ld..o{hw -
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Use the following information 1o answer the next question.

Students attempt to determine the nature of an object that 1s hidden beneath
a sheet of plywood by rolling marbles under the plywood.

Hidden object

Plywaood

¢

Top View Side View
67.  This exercise would help students appreciate the difficulties encountered by
A. Compton in his work on wave-particle theory

Einstein in his work on the photoelectric effect
Rutherford in his work on the nucleus of the atom
Thomson in his work on cathode rays

Blackbody Radiation _

All objects or bodies absorb EM radiation and then re-emit at least some of that energy. A blackbody
absorbs all frequencies of visible light but re-radiates only lower frequency (longer wavelength) radiation.
The late 19" century theories and models could not predict what was actually observed ]n 1900 Max
Planck suggested a bold theory to explaln lh;s phenomenon He suggested that the; ag,ge 2

; o ; In other words the v1branon energies of the molecuies were yEm#ized. He
then went on to suggcst that the energy emitted by these molecules was also quantized. The energy.
emiited was not in continuous wave form but was e;ggt;ﬁﬁ(i%’_“; ,,'ihat he referred to as

g@%@gs of EM radiation.

The amount of energy carried by a quantum of EM radiation can be calculated using either

E =hf
he E =

- total n photons ™ photon
photon A.

photon

where h is Planck's constant
68.  What is the energy of a photon that has a frequency of 2.5 x 10" Hz?

A 2lev e § 5
® 10ev 2

C. 6.9 eV =
D. 52eV -
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1

INumerical Response

@@®® 23,  The wavelength of a photon produced by an infrared laser is 4.23 x 10° m. The energy of a

GOCE . e s . -d

HEO® photon of infrared radiation, expressed in scientific notation, is a.be x 107 eV. The values
BOHHE ofa,b,canddare ?~, &, ¢ ,and A..

DE® ,

6101010 {Record all four digits of your answer in the numerical-response section on the answer sheet.}

9101010, W C

® ® =D

~

- 15
~UUx - e

|
L e Gosxe? - e

610 __ =
@®®® 24, A 60 watt incandescent light bulb emits about 3.1 I of light energy every second. The
6301010  bul )

OGO average wavelength of the light is about 550 nm. The number of photons emitted per
101010, second by the bulb, expressed in scientific notation, is a.b X 10° photons. The values of a,
6101010 ‘bycanddare _, . , ,and

HEHE

OEEHE (Record all four digits of your answer in the numerical-response section on the answer sheet.)

QOO0

0101010;

OE® - WO

)
- Rl ' 3.7
50X
= 3c2xw0 T

Nz Eyo) 303

- v g\ 5
E'(J}‘O}“‘“ 3 ?:,hﬁ

256 wo'? (,Mms
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The Photoelectric Effect

In 1887, whlle studying Maxwell's theory of EM waves, Ah frequency
FERY found that when high frequency light was shone Light

onto a negatively charged electroscope the e}ectroscope lostits - ( I/

charge.¥g ciEtlhntRsatistdiheelce Hielecimicitorhe

; CIR f’ﬁwﬁ cop
experlmented with the phgioticetr

He shone h1 gh frequency light onto one of the eleclrodes and e]ectron flow referred asa photocurrent

Herefonndahirhieconldireduceandreventivallystopthedlow high frequency
oA ?BW]Wgtﬁwwammﬂoteﬁnﬁrfm{fém in the brplst

circuit as shown below. As he increased the reversing potential %/

difference the photocurrent decreased vmEthieteisnemnmRENE

all. The value of the reversing potentlal dlfference a1 this pomt
et With this | |
: I

an‘angement Hertz could determme the 1@@;_ itk
Shnedplheelestons. low variable -

reverse voltage
? ﬂ Ek max qEVSIO]J
T TR Reresed e e O BN dent EHEwas"

iR )8 \ 10'
. . 1K
~ ‘The properties of the photoclectric effect are: ST"’O = s
» when fis less than f, no photocurrent flows Q"f Vo j
% » when fis equal to or greater than f,, current flows immediately
i’ _» the photocurrent is proportional to the intensity of the light
% « E, for the electrons increases as f of the incident light increases

These properties seem to be in conflict with EM wave theory. For example, in EM wave theory brighter
light means more energy but the E; of the photoelectrons does not vary with the intensity (brightness) of
the incident light. While the photocurrent increased with brighter light, the kinetic energy of the electrons
was not affected. In addition, according to EM wave theory the energy of a wave is related to its
amplitude, but the energy of the electrons is related to the frequency of the incident light. EM wave
theory could not explain the photoelectric effect.

emQ\ . bré\(jh)fo{ = hofe Eh bui' P\\OJTCéldf/ho"‘S
WY { O\Oﬁ"‘ ua{j }-‘h hj\M{
¢
" brightnes, Shanchrc) <1

: gg e et 5-[9(‘“’7
\?Q r“r\“(/\C ey

% 'Cmf,
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No explanation for the photoelectric effect was found to
be satisfactory until 1905 when Albert Einstein
published an explanation that used Planck's concept of incident photon
"light quanta” (photons). dEEsmmswppestedtinra (Ephoton = h 1)
smelephotonekineident Jghgwamﬁemmm
the surface of a metal and giveatkofitseenermystorti
ron. Some energy, the work function (W), would
be required 1o lift the electron off the metal. The
remaining energy, if any, would be in the form of
kinetic energy of that electron. Einstein applied the
principle of conservation of energy and found that

Ephoton = Ekmax +W QW\M‘} used
o rlese e
+ W (The work function may be calculated using W= hfo )

4ejccted electron
3 (Ek max qulop)

energy used to free
the eleciron (W)

Using Planck’s equation

% hf =E

k max

A different arrangement of the equation yields

_ . + Exmay vs T cathode material
i Kmax ,2 /3
Ekmax =hf — W whichis the equation for a line ST
y= mx+b
’r\mﬁ‘)"% -
The graph of Ey vs f shows that:
= {, is the x-intercept
= W is the y-intercept ng’ - W,
~ = the slope is Planck’s constant. ' b .
) .
S e
e
Yo wib
7
)

69.  If a metal with a threshold frequency of 1.1 x 10" Hz is illuminated by light with a
wavelength of 170 nm, then the maximum kinetic energy of the emiited photoelectrons

will be

' _ - E } Lv

@ 44x10"7 CPH"" Ek

7 7310 I :

C.  12x107%) C_ g + b

D.  15x10"] A\ -3¢ x10"
Cesna™C = B+ 663197 Te L4 X0
17-0(;"6‘
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Use the following information to answer the next question.

Photoelectric Effect

Blue light

g (3
Phatoelkeciron

Pl
Varizble power supply :
| . qreed cvent
@ ' - T - ;
Photoelectrons are emitted when blue light of frequency 6.40 x 10"
shines on a metal surface, as shown below. The stopping Volage 1s
measured to be 1.25 V.
70. What is the maximum kinetic energy of the emitted photoelectrons?
A, 491x10"] = Vohp.
B.  291x107] g,
-19 14 1,
(@) 2.00> 107 \Ge 135
bD. 1.28 x1077] T
71. A student performs a photoelectric experiment in which a photoelectric current is

observed for all colours of visible light. The student wants to investigate what effect
varying the intensity and colour of the incident light has on the photoelectric current and
kinetic energy of the photoelectrons. If the brightness of the light is decreased and the

colour is changed from yellow to blue, the photoelectric \) lower m‘é’ﬂﬁﬂ
=7 ‘f\f@\a’ 'p“’pwj

A. current and photoelectron energy both decrease

B. current and photoelectron energy both increase

@ current decreases and the photoelectron energy increases
current increases and the photoelectron energy decreases

72.  Copper has a work function of 4.46 eV. What is the maximum kinetic energy of the
ejected electrons if the metal is illuminated by light with a wavelength of 450 nm?

A 272x1077) ~ e B+ W
B. 4.42 x 1077 Cphdvn = L_K L. U6
C. 7.14x10"] h-C = T
@ 0 J, because no electrons are ejected L5 é‘\
-, %_) ———
L{f/ Q (}(— \
v 5 N)\_\C Uﬂ-\”) 5‘) 79 less Then J Dr. Ron Licht
‘—\55 fﬁl\\o ! _ L. tib e




olo
PEO®
DOOD
OO
GO
OO
PO
CEE®
EOOD
6151000,
10101010,

Use the following information to answer the next question.

In a Millikan/Hertz photoelectric effect experiment, a student measured the
maximum kinetic energy of the photoelectrons at several frequencies for

sodium metal. She plotted the data as shown below.

Kinetic energy of photoelectrons as a function of the
frequency of the incident light

1.25

Kinetic
energy
V) 0.75

0.50

s
L

Frequency of incident light (x 10" Hz)

0.25 e

23.4.%678

T

/—

"\\';
MEAVE S PR

. ¢

umerical Response,

25.

Using a line-of-best-fit, the threshold frequency, expressed in scientific notation, is
a.b x 10% Hz and the slope, expressed in scientific notation, is ¢.d x 10"eV-s. The

values of a, b, ¢, and d are ; , , and

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

80

-~ L tn +
15;,7< N

QLF(, -~ '(‘\

Dr. Ron Licht



E—

5. ‘\‘“\'\-V\K (5\:0@“5 Enaraj

Atomic Spectra
Spectra are the patterns produced when light is either dispersed through an equilateral glass prism or
split apart by a diffraction grating — the Iight is separated mto its colours.

] ol
example, a light bulb has a tungsten
filament which emits white light when
electricity is used to heat the filament.
The result is a continuous spectrum.

emmt hight when heated to a high
temperature or when electricity is
passed through them. They produce a
bright line or emission spectra.
Each element and molecule has a
unique spectrum.

rhosc Q- "5"""5)

through a SHPEEFor vapour and then
v1ew1ng the emergmg light w1th a

e T’H'e majoﬁrytef
c h it passes-through thegas

6065 o h‘j)\@r
Qhﬁwlﬁwl)
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e B 1.11 eV 4.89 eV ) L~ jumps to first excitation
Uv\ * / level
R _
¥s @ :
e w‘m _ 6.00 eV
(o : electron
\‘Cﬁﬁ) - OeV
2. Apsovphnephotens. In this case, the atom will absorb only those photons that have energies that
exactly match the excitation statc energies. Since electrons normally reside in the ground state, this
means that it will absorb only those photons that match its excitation states from the ground level.
Therefore, - when full spectrum white light is sent through a gas, only those wavelengths of light that
correspond to the excitation states of the gas are absorbed by the gas.- The. remamlng wavc]engths
SingElhesforabiseption s
in
) \,\(\ /~ 207 nm photon 10.4eV 207 nm photon w \owash ‘eve/!
6.00 eV j 6.00eV) - -
N (6.00eV)  Aapan> | (6:00eV) * appn> gk brpgs e
o W ‘ 8.84 ¢V : 3 loels
\{% 186 mm photon UP ol
incoming {6.67 cV) 6.67 ¢V outgoing ONY G 5
photons < VWU 0 > photons
4.89 eV few pMW‘S |
177 nm photon 177 nm photon ‘f‘&—‘ '
k(7.00 eV) NS> (7.00 eV) W
J

Explanation of emission and absorption spectra

Absorption of energy

W\ : 6.67 eV

\\ Ww } OeV

Atoms can absorb energy in two ways:

mergyzelectrons. In these collisions the electron in the atom absorbs only the
amount of energy correspondlng to a jump from the ground state to an excitation state. The
incoming electron continues on with the remaining energy. For example, a 6.00 eV incoming
electron colliding with a mercury atom, for example, will lose 4.89 eV to the atom and then continue
on with an energy of 1.11 eV. Note, for this type of energy absorption, the incoming particle need
only have an energy greater than the first excitation energy.

104 eV

8.84 eV

mercury atom electron

Gl

ReX
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Release of energy

Once atoms have been excited they will eventually fall back to the ground state. Some atoms, like
hydrogen, will return to the ground state immediately after being excited. Other atoms, like phosphorous,
can stay in an excited state for hours before returning to the ground state.

Atoms can fall back to the ground state in one of two ways:
— The atom can fall straight back to the ground state from the excitation state. In thls case, one high
energy photon is emitted.

= The atom can fall through a series of intermediate excifation states to the ground state. In this case,
several lower energy photons will be emitted.

104 eV
572.9 nm photgn
8.84 eV \4 +HF c‘v’)
\;U\W 312.3 man photon
6.67 eV {3.98 V)
\;UUU\;%
140.6 nm photon 4.89 eV 254.2 nm photon
{8.84 eV) Ninunn or or {4.89 eV)
N>
NN\
pey LV V v
186.4 nm photon

(6.67 ¢V)
The emission of photons when atoms fall back toward the ground state explains two things about
€mission spectra:

2. The presence of iy IEsJin emission spectra compared to absorption spectra can be explained by
the ipie s that can occur when atoms fall toward their ground state. et imes = hokz WS
i'o 8rfmd
‘When emission spectra are compared with the absorption spectra for the same element or molecule, the ’m!'o
position of the dark lines in the absorption spectra corresponded exactly with the position of the bright
lines in the
emission spectra.
However, there :
e 4 Emission and
absorption spectrun
~for sodivm vapour.
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Bohr Model of the Atom

In 1913 Neils Bohr published a new mode} for the atom that accounted for emission and absorption
spectra, Rutherford’s experiment, and the particle nature of light. The model is based on three postulates.

1.

if our zero point is the
ionization state, then the _340eV s 10.2 6V
energy levels are

Atoms may exist in any one of several states that do not involve the emission of or the absorption of
EM radiation. These are called stationary states in which an atom has different amounts of energy.
The Bohr model is often represented as an electron energy level chart. Note that the sign of the

energy depends on where we place our zero value.

oniZzAkon 1w
0eV o {1 13.6eV
—-0.54 eV n=5 13.1 eV
—0.85eV n=4 128eV
~1.51eV —7 12.1eV

negative relative to the energy energy
jonizati measured 1f we choose our zero
jonization level. measured '
from from point to be the ground
ionization ground state " state, then the energies are
positive relative to the
ground state.
=l
~13.6eV L OeV

ground state

Emission and absorption of EM radiation corresponds to a sudden shifi from one stationary state to
another.

Ephmun (

‘;‘ = AEatom = Ef_ Ei (

Ephomn (m) = AEatom =g —-Ef (:!,'_

The angular momentum of electrons in atoms is quantized. In other wor'ds,"é

s -

ok L DT aro 1 a 5H0 50
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Use the following information to answer the next three questions.

- A group of students is given a low-pressure helium gas-discharge tube, a high-
voltage power supply with wire leads, a retort stand with clamps for holding
the discharge tube, a diffraction grating, and two metre sticks.

The group clamps the gas-discharge tube into a vertical position and connects
it to the power supply. A metre stick is placed horizontally, directly in front of
the discharge tube so that the tube is lined up with the 50.0 cm mark. The
second metre stick is placed perpendicular to the first metre stick, directly in
line with the center of the discharge tube. Finally, a diffraction grating 1s
placed 100 cm from the low-pressure helium gas-discharge tube. The diagram
below illustrates the set-up.

Perspective View of Student Apparatus

Retort stand

High-voltage

power supply Low-pressure

gas discharge
tube

Metre siicks placed
perpendicular to each other
and lined up ai the 50.0 cm mark

When the power supply is switched on, an electric current passes through
the gas, and the tube emits a pinkish-yellow light.

Using a diffraction grating etched with lines that are spaced 4.35 x 10°m
apart, the students observe a series of brightly coloured spectral lines to the
right of the location of the discharge tube, as shown below.

Discharge Blue
tube Violet | Green  Yellow Red

iz

syt ooy

paE

The yellow spectral line is significantly brighter than the other lines.

85 Dr. Ron Licht




73.  If the students replace the diffraction grating with one that has more lines per millimetre
etched onto it, then the red spectral line will be observed _i___the discharge tube. In
order to keep the red spectral line in approximately the same position as in the original
observations, the students would have to move the diffraction grating _ii__the
discharge tube.

The statements above are completed by the information in row

Row i ii

A closer to closer to

B. closer to farther from
C) farther from closer to
D. farther from farther from

@OOQ
QOO
lololo)
OO
GOO®
BERO®
GEOE
01GLO10)
®OO®
G

26.  The wavelength of the yellow spectral line for helium, based on the students’ observations,
expressed in scientific notation, is a.be X 10 m. The values of a, b, ¢, and d are ,
, , and
(Record the four digits of your answer in the numerical-response section on the answer sheet.)

//\ — U.35 mEé‘)(,{SS)

Lo U

(ontreos "‘b""'@?v‘“,« fomis\f 2 5. 5F xd p
Head | rool <tow | hneoted 10 |
Splidk preSsae pﬂ;@u«a 3&3 ;< C3. . 50 =135

.@ﬁ_
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74.

Use the following additional information to answer the next question.

The students are also given the following reference energy level diagram for
helium. Transitions 1, 11, 11, IV, and V correspond to the spectral lines that

were observed by the students.
lonization

Fifth excited state

Fourth excited state

Third excited siate

Second excited state 3

First excited state

Ground state

0.60eV

—056eV
.87 eV

-1.53 eV

-338eV
-3.64 eV

Which of the following rows matches the transition corresponding to the violet spectral
line, and the frequency of a photon corresponding to the violet spectral line?

\) {m'éhCﬂ" —P (’f)

Row Transition Frequency of a photon
corresponding to the | corresponding to the
violet spectral line violet spectral line
A. I 7.44 x 10" Hz
B. I 4.47 x 10" Hz
LQ \% 7.44 x 10" Hz
D \% 4.47 x 10" Hz
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Use the following information to answer the next question.

Energy States of Chromium in a Ruby Crystal Laser

E
5y

‘ 0.40 eV

£, {metasiable)

-
T
™

<

[.8eyY

Y

75.  What is the frequency of light emiited from the Jaser when the electron in the chromium
atom goes from state E, to state Eo?
o hE

E,

A 97x10°Hz .8 8
)  43x10"Hz -

C. 53x10MHz oyt
D. 1.1x10"°Hz

are accelerated toward a tungsten target When they strike the target, the
kinetic energy of the electrons is converted into X-ray radiation.

electric potential energy — kinetic-energy-ofeleetron > photon energy

. electric potential energy = photon energy

AEclectric = E photon AE electric Eph()l(m
qAV=hf or @AV = EKE
F_ 98V L

h gAVv
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Use the following information to answer the next three questions.

X-rays were discovered in 1895 by Roentgen. In the cathode ray tube that
he used, a high electrical potential difference between the anode and the
cathode accelerated the electrons. The electrons then collided with a copper
target.
Three Types of Energy
1 electrical potential energy
2 electromagnetic energy
3 kinetic energy
D QO
OO :
DOOD
eE® :
@@®® 27,  Inthe production of X-rays, the three types of energy listed above occur in order from
OOBO \ 10 % to .
101010,
%% g {(Record your three digit answer in the numerical-response section on the answer sheet.}
®
OIOIO0)]
“L 28 The minimum accelerating voltage necessary to produce an X-ray with a wavelength of
6.25 x 10" m, expressed in scientific notation, is a.be x 104 V. The values of a, b, ¢,
}@@@ anddare L , & , A and Y.
DOOO _
%g%g {Record all four digits of your answer in the numerical-response section on the answer sheet.)
a3{3
POOG | rdwfnt "“P“"‘
EOEE % v= hce
DOO® o o “:\—
IGIGIONE : : :
D) e .UV = h.C
GRS X 10!
- l.aq vlo u
76.  The damage to biological organisms that X-rays can cause is a result of their
A. high speed igh gnuj\(j — 5Xl'\or'r
B. small mass \c] et
short wavelength ﬁ’y
D——high radioactivity WAL
e )
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®Ffi¢ Compton effect

Compton denved the equation(s) that described the saege

ot e

Compton bombarded electrons with x-ray photons. He measured the wavelength of the incoming x-ray

(%) and the wavelength of the scattered x-ray (A;) that scaitered through an angle 0. -
before collision after co]}is.ioy
MWW <
A

The collision between the x-ray photon and the electron is a purely eHi: ton. Therefore, in terms

of the conservation of energy we have

And in terms of the conservation of momentum, the collision between the incoming x-ray and the
electron yields

7 p incident x-ray = p € + p scattered x-ray

P.

pscanered X-Tay

pincidcm X-rgy

Utilising both the conservation of energy and the conservation of momentum, along with an application of
Einstein’s special theory of relativity, Compton derived the following relationship for the change 1n

wavelength of the x-ray photon. Xy ‘1“
. /"7
= A?L:?\,f—ki:-jl_-(l——cose) 5’““ m\;dto

mc
where m is the mass of the electron and © is the angle through which the x-ray scaiters.
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Wave-particle duality

It seems that light can be thought ofasa partlcle and as a wave, but which i is correct? The answer is, both

speaking, s
electromagnetic (hght) spectrum
107 10° 10" 10" 10" 107
e | | | | i l i i l | ~
S -
< Nl T oy Ty <
Y Pl P Pl -
radic waves IR | uv< > gamma ray
. X-ray
visible
¥ >
For low frequency, B%smergy light the For high frequency, hi¥##Heey light the

wERgnature of light dominates. %ﬁ

[

e nature of light dominates. %

Wavelengths of matter

When Compton had suggested through his x-ray scattering experiments that light photons had particle-
like characteristics, Louis de Broghe wondered if the converse was true — could subatomic particles hke
the electron behave like a wave? The wavelength of a particle is given by

v o h_ b

QA‘( P mv : ) :

As the speed of the particle become
larger, its wavelength is shorter.

Since diffraction was the easiest
phenomena 10 demonstrate the wavelike
nature of something, Young had done so
for light in 1804, de Broglie and his
associates began to find some way to
demonstrate the diffraction of electrons.
The pictures 1o the right indicate the
results of x-ray and electron diffraction
in aluminum.

x-ray diffraction pattern from electron diffraction patiern
aluminum foil from aluminum foil

So why don’t moving objects in our
everyday experience demonstrate
wavelike behaviour? If we use a 1.00 kg mass traveling at 10. 0 m/s de Broglie’s equation gives us a
wavelength of

h  6.63x10*Js
“mv  1.0kg(10.0m)

This wavelength is far too small to be seen in the everyday world of objects. Therefore, we are not aware
of the wave nature of everyday material objects.

= 6.63x10 " m

For the diploma exam:
=> The de Broglie equation is not on the formula sheet, but it is often given as part of a question (see
below).
= Phenomiena like Planck’s equation, the photoelectric effect, the Compton effect, and de Broghe’s
1deas are all expressions of wave-particle duality.
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W
X \d\\{\b \(voﬁ Use the following information to answer the next question.

Consider the following collision of an incident x“ray on a stationary
electron.

before

V> -

ncident x-ray 'Z/Z/Z/Lj
scattered x-ray =

The diagram is not drawn to scale.

umerical Response

OO 29 The change in wavelength of the x-ray, expressed in scientific notation, is a.b x10° m.

OO

101070, The values of @, b, ¢, and d are , , , and
ofolot6; _
0]0]1C1O)] {Record ali four digits of your answer in the numerical-response section on the answer sheet.)
HOOG
OO0 o h
OOO® M | :
- =663k (1 ~ cos (L)
c] ‘“ X\O’S‘ P 55,?’ o

' ST S
=6 Xe T

B Numerical Reon S o
olol : 1SCHES

QOB 3, A photon has a momentum of 4.0 x 102 N-s. The frequency of the photon, expressed in

%%g% scientific notation, 15 a.b x 10 Hz. The values of a, b, ¢, and d are , R

olololo; and __
0101010)

OLEPEE (Record all four digits of your answer in the numerical-response section on the answer sheet.}

ssee
ololoto; » b=pC

OIO10I0)]
A
—yoxw " Je’

G 63 X\O'SL'

= Lg X \Ow‘
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:

010’
OX2010]

Use the following information to answer the next question.

Consider the folowing collision of an incident x-ray on a stationary

electron. -
before collision after co]lisiy
V> .

QOO

GOOE 3.

0161610
BEEE
9la1G10;
0101020,
HOEeG

77.

If the incident x-ray has a wavelength of 1.658 x10™"" m and the scattered x-ray scatters
at an angle of 40.00°, the wavelengih of the scattered x-ray photon, expressed in scientific
notation, is a.bed X107 m. The values of a, b, ¢, and d are s . , and

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

o)
A-71 (l—oz0)
. AN
The explanation of the Compton effect requires the

Aade b‘:'}, ,'f\‘ﬁ(‘\m bl A €E3x !0,60}

A.  wave nature of light— 36
S RIE t 38,3’

) particle nature of light al ]
~ st
C.  probabilistic nature of quantum physics = 5.6 #5x 1 | 6570

(1- o5 (40)

.. . ' -1
D. ejection of electrons from a metal surface = 1.5 Xe0” -

Compor eNeck | AT s

< deel Ap = &N YA,
\,,;H«(j f

Momentum 1S e,

v
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Use the following information to answer the next two questions.

010}
DBOE 3,
OOOE
161616163
61616016
OO
G
DO
OO
191010

H7= "

has g

2.9

In a glass vacuum tube, electrons are accelerated through a potential
difference toward a metal target.

metal target

High |

r‘ vol:,cge*. ' “Ancds : \ /\\‘-

Cothoden. \1@' w : I }

(The diagram is not drawn to scale.)

According to de Broglie, the wave nature of the electrons results in their
diffraction through an angle 8. The wavelength of the electrons may be
calculated using
ho= —
‘ P
The electrons are accelerated through a potential difference of 615 V and
the spacing between the atoms in the metal target is 0.234 nm.

Numerical Response

The angle for the first order maximum is ab.c degrees. The values of @, b, and ¢
are s , and

(Record all three digits of your answer in the numerical-response section on the answer sheet.)

@ 0v ~Yamu™?

V9 3 G
<615 2 L, 5 (G lxg Xv)
i}a,ixld Su’\@
Q) A=
! m V
= SN &) ) Q g5s¢w <

.\ vt?)t!j

C( U xig™
4

:MG\5 X\~ N
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1010
OIOIOIORYY
101010/
BEOO
GOEE
OI0I010
GI1010)]
GIIGLO!
Q¢ TG
O 2D
HEeE

78.

Use the following additional information to answer the next question.

Two of the following physics principles were used in the calculation of the
angle.

RS

uniform motion (balanced forces)

uniformly accelerated motion (unbalanced forces)

circular motion (unbalanced forces)

conservation of momentum

conservation of energy F L echion Pg'\'eﬁ%z,l — = K
conservation of mass-energy el

conservation of charge

conservation of nucleons

wave-particle duality E | eetion d‘ﬁﬁ focls

LWhe. o wavc.

umerical Response

In the correct order, the principles that were apphed m the angle calculation from
Numerical Response 32 were & and “q -

{Record your two digit answer in the numerical-response section on the answer sheet.}

For which of the following explanations did the diffraction of high-speed electrons
provide experimental support?

Bohr’s-explanation of line spectra S ke Je

Compton’s explanation of the Compton effect"’ V
Po‘{"‘*{,'c.

Einstein’s explanation of the photoelectric effect =7

De Broglie’s explanation of wave nature of matter
e
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UNIT V-~ NUCLEAR PHYSICS (~10%)

Up to this point in our discussion of the nature of the atom we have been studying how the electrons
behave around the nucleus. The study of the electrons around the nucleus is referred to as atomic
physics. Now we tumn our attention to the nucleus (nuclear physics) and the fundamental particles that

atoms are composed of (particle physics). ’\_/

Symbols for atoms and particles may be written as

(# of protons + # of neutrons = # of nucleons)

0

A
r (# of protons) gx X is the atom’s or particle’s symbol

r, more generally, its charge
For example, the clement tungsten-186 1s written as “ﬁW which means that it has 74 protons and
{186 — 74 =) 112 neutrons.

Isotopes of an element have the same atomic number but a different atomic mass. For example, three
isotopes of carbon are
carbon-12 carbon-13 carbon-14

12 .13 14
EC BC BC

We calculate the theoretical mass for a particular isotope by adding together the masses of protons and
neutrons -

m m + m

theoretical = protons neutrons
Using a mass spectrometer, we are able to find the measured mass. Except for hydrogen, the measured

value is always less than the theoretical value. The difference is called the mass defect (Am). In
general

Am= Micasured ~ Mineoretical
Based on the idea of mass-energy equivalence
— M el )
AE=Amc® T (o7 a9

physicists interpreted the mass defect as the binding energy that holds the protons and neutrons together
in the nucleus. Due to the large repulsive electrostatic forces between protons, a large amount of energy
" and large forces are required 10 hold the nucleus together. The binding energy, resulting from what was
later called the strong nuclear force, is equivalent to the mass defect using Einstein’s equation.
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Use the following information to answer the next two questions.

The measurements given below indicate that the uramum-235 nucieus has a
smaller mass than the mass of a corresponding number of free protons and
neutrons. This difference in mass is called the mass defect.

Einstein's concept of mass-energy equivalence, E = m ¢?, can be used to
predict the energy that binds a nucleus together by using the mass defect.

mass of uranium-235 nucleus = 3.9021 x ]0'2; kg /:'7 nevhron )
mass of proton = 1.6726 x 10" kg R |
010] mass of neutron = 1.6749 x 107 kg~ & 35 [E\’IL =3
O1010) '
9101010 | protens
LOOO
6838 ,
@@ég 34.  The mass defect of uranium-235, expressed in scientific notation, is 4a.be x 10™ kg. The
HEEE values of a, b and ¢ are , , and :
QEOO .
@ @ {Record your three-digit answer in the numerical-response section on the answer sheet.)
O101020)

D= Sgpwkﬁ neu‘fw — mods noilesd o
om= @:.me‘w l\nxxl‘b'qu'xr&f’ ~.3,9021A410
ben ~ 3. V33044 T -2, 961 NS‘%/
bm~ 3, 18 Xb_ 27!%

010 |

OOOW@ 35 The puclear binding energy of uranium-235, expressed in scientific notation, is

QOO

OOOG +a.be x 10" eV. The values of a, b, and ¢ are , , and
@6
QO
01610; @ (Record your three-digit answer in the numerical-response section on the answer sheet.)
'GlO) *You can receive marks for this question even if the previous question was answered incorrectly.
ol0]016, | .

c=mc 2

: .
' S =3 1799k (35)

- %6 x0T
L BO x 16T /ey

= lo% )(loq Vv
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Nuclear equations — conservation of charge & nucleons

Nuclear interactions are represented by nuclear equations. Nuclear interactions can involve the

disintegration of a nucleus, the transmutation of a nucleus and a host of other interactions. In nuclear

equations, the original isotope(s) is/arc ofien referred to as the parent isotope(s), while the final

isotope(s) is/are called the daughter isotope(s). When writing nuclear equations 1t is important to

conserve electric charge and to conserve the number of nucleons. In other words:

=> The sum of the atomic numbers on the parent side equals the sum of the atomic numbers on the
daughter side. :

= The sum of the atomic masses on the parent side equals the sum of the atomic masses on the
daughter side.

Nuclear reactions

The presence of such huge quantities of energy within nuclei explains why nuclear reactions are so
energetic. While the electron of 2 hydrogen atom can be jonized with a mere 13.6 €V, it takes about 8
MeV or 8 000 000 eV of energy to remove a nucleon from a nucleus. For this reason, gram for gram, a
puclear reaction can liberate millions of times more energy than a chemical reaction. There are four basic
types of nuclear reactions: induced nuclear transmutations, fission, fusion, and radicactivity.

Induced nuclear transmutations
It is possible to bring about or "induce" the disintegration of a stable nucleus by striking it with another
nucleus, an atomic or subatomic particle, or a y-ray photon. In 1919, for example, Emnest Rutherford

observed that when an o particle ( JHe ) strikes a nitrogen nucleus ("2N), an oxygen nucleus ( "0} and
a proton (1H) are produced. This nuclear reaction is written as

4 14 17 1

He + 5N —— 1,0 + H

Since the incident o particle induces the transmutation of nitrogen into oxygen, this reaction is an
example of an induced nuclear transmutation.

setomrenctionsme Ot .
In nuciear ﬁssmn we take heavy elements and break them apart to produce smaller nuclei. The process
involves bombarding particular nuclei with neutrons. A neutron captured by a fissionable nucleus results

in an unstable nucleus which splits. In the process some of the binding energy of the heavy element is
converied into radiant energy.

235 1 141 92 1
HU + >  gBa + FKr + 3,n + energy

FHions \D\nd \%W

In nuclear fusion we take light elements and force them together to form larger sized atoms. Examples
are the fusion of two deuterium ( 1H) nuclet to form a helium-3 nucleus.

2H + 2H > iHe + on + heat
or the fusion of tritium { ﬁH) and deuterium (21H) to form a helium-4 nucleus

*H + 2H — iHe + gn  + heat
The problem to overcome in fusion reactions is to bring the parent nuclei together so that the electrostatic
repulsion is overcome and the strong nuclear force can take over. Nuclear fusion reactions require
extremely high pressures and temperatures to get them started. Such pressures and temperatures are
found within the core of a star like our Sun. In a star the nuclei are forced together due to the enonmous

gravitational forces involved. In turn, the forces created by the fusion reactions try to explode the star.
Thus there is a balance between the forces of gravity and the forces produced by the fusion reactions.
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Radioactivity

In 1896 Henri Becquerel discovered three new rays being emitted by a sample of uranium ore. These
rays were quickly named alpha rays, beta rays and gamma rays. The emission of these rays is now
referred to as radioactive decay and the rate of release of these rays is called the decay rate or
‘radioactivity (or simply activity). These rays have the following properties:

o rays

»  are helium nuclei with a charge of +2e

=  are emitted for the nucleus at high speed but are stopped by a few centimeters of air, a few sheets of
paper or your skin

e  emission of particles results in (FFF8 istthe cmilting element changes to a new element)

An example of o decay is the transmutation of uraniurn 238 to thorium 234.

238 4 234
»U — SHe + 4 Th
parent o particle daughter
miclens (helium nucleus) nucleus

B rays

s are electrons (charge = —1) or positrons (charge = +1)

»  are emitted with a variety of speeds, some approaching the speed of light, have greater ranges than o
particles, and are able to penetrate several millimeters of aluminum

»  emission of § particles results in Qgam ati

When the conservation laws of charge, energy, momentum and o
angular momentum were applied to alpha decay there were no —- el
problems. However, beta decay did not work out so easily. @" N
Eventually a new particle, the neutrino, was predicted in order for the A
conservation laws to hold. In addition, years later another type of beta : N
positive decay was discovered in addition to beta negative. Thus ‘ * \V

B~ decay involves the transformation of a nentron into a
proton and an electron which also produces an antineutrino

= p+ Se+v
3~ decays involving the nucleus of an atom have the general form

A A ] —
X =Y+ B+v

B decay involves the transformation of a proton into a neutron and a positron which
also produces a neutrino

P> on+ Se+v
B decays involving the nucleus of an atom have the general form

A A 0
A G i T L Y
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Y Yays

+  are photons (or EM waves) of frequencies higher than X-rays

s are neutral in charge

«  are able to penetrate 30 cm or more of lead and kilometers of air
+ emission of ¥ photons deesaai-cansetransmut.

Like the excitation of atoms nuc]el a]so have a series OF e¥tivation
energy levels. When making a transition to a Jower-energy state, a
nucleus emits a gamma-ray photon, similar to the photon emitted when
an electron in an atom moves to a Jower energy level. However, the
difference in energy is much greater for a nucleus — note that the
energy scale is in MeV. Gamma decay does not change either the

atomic number or the atomic mass.

All three of alpha, beta and gamma rays can be absorbed by matter and all three are also ionizing
radiation meaning they can cause atoms in the absorbing matter to lose or gain electrons. In living
organisms this can be a seriously damaging process leading to the development of seripus medical

problems such as cancers.

Example

Write complete nuclear equations for the following:

A. Thep decay of actinium-230.
Atomic mass:
230 s} ? —
WAC — e+ 7 +V

Atomic number:
solution

230 o 230 -
wAc &> e+ LTh+v

B. TheB" decay of neptunium-234.

Atomic mass:

ZNp — Se+ 1?2 +v
Atomic number:
solution
234 0 234
wNp — e+ “SU+v

100

230=0+A
A=230

89=(-1)+2

Z=90
{element 90 is Th - thorium)

234=0+A
A=1234

93 = (+1)+ Z

Z=92
(element 92 is U - uraninm)
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Use the following information to answer the next two questions.

Magnesium-27 is an 1sotope of magnesium that undergoes beta negative
decay. The daughter nucleus of this decay 1s mitially produced in a
metastable, excited state. Three gamma photons may be emitted as the
nucleus makes transitions from this excited state to the ground state. These
transitions are shown in the diagram below.

Metastable statc

U owrmev]

Intermediaite staie”

Sl
T DS438 MeV |

e

Grotind stite’ -

The daughter nucleus produced by the beta negative decay of magnesium-27 1s

A.  TNe 27 o~
27 o A ooV

B. “Na 1~ /‘13 —7 < B P ’

© i

D.  INe

The longest wavelength of gamma radiation that can be emitted by the excited daughter

nucleus is ™ IM;{’{.\(,Q‘ \~ h c
A 1.22x10%m - - V’f‘{’—
B. 147x10"7m E N
C. 185x10Mm w’-—,{“—
@ 728 x 102 m : -/
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Use the following information to answer the next question.

Each of the following statements gives a characteristic of either a fusion
reaction or a fission reaction.

1 A heavy nucleus is split into two or more lighter nuclei.

2 Two nuclei are combined nto one.

3 It is the dominant nuclear reaction i the sun.

4 The products of the reaction are harmless.

5 The reaction produces radioactive 1sotopes.

6 Extremely high temperatures are needed to start the reaction.
0660

O§edNumerical Response
Numerical Response

OO0 .
OIIOI0] . ) . .
GGG 36.  The statements above that describe nuclear fusion, listed in ascending order,
DEOO®E are_ h, 5 , {{ ,and G-
RO
6161010, {Record all four digits of your answer in the numerical-response section on the answer sheet.)
QOO
®
®LEEE
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Half - life .
Radioactive elements do not decay all at once. Their decay rate is governed by a logarithmic or
exponential equation:

N=N, 1~

Where N number of radivactive nucler remaining
OT mass remaming

or activity of the material

original number of radioactive nuclei
or original mass
or original activity of the material

number of half lives*

n=—
t,

’2

*A half-life (1,,,) is the time it takes for 2 of the parent isotope to decay into the daughter isotope or the
time 1t takes for the radioactivity level to decrease by 2. Half-lives can range from a few trillionths of a
second to trillions of years depending on the stability of the isotope.

O parent O daughter
O SN ERS) O O O O
OO@ 1y OoO O =y OOO O 3y OOQO O
OO OO O O OO OO OO OO
00 O O O OO 0O
parent 100% parent 50% parent 25% parent 12.5%
daughter 0% daughter 50% daughter 75% daughter 87.5%
When a set of data is given, one can graph the N, b
results and then determine the half-life. To
determine the half-life off a decay curve, find an
interval on the vertical axis where the mass or .%U
decay rate is decreased by %4. The half-life is the <E
time (horizontal axis) for that interval. a O
' 3 O. 000
2 O O
; Oy, 0 ©Oj000
JRET VY - ® O, 0.0
o A O O
2 :
Z ! O O
L S S /ooo oNe
INf------- R Ponen o ' OO OO
. i oo
1 T .| T
1iyz Zt}é 3t),2 me
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81.

82.

83.

84.

ol0]
O1O1030,
OO0
DR
OO

SYJ000d uerical Responsd Nz s

OO
OOV 37,
QOOD
ORO®
611610]

Use the following information to answer the nexi three questions.

In a number of nuclear power stations, the reaction material is uranium-235.
The uranium-235 will spontaneously decay to produce thorium- 231 plus at
least one other particle. The half-life of uranium-235 1s 7.0 x 10° years.

One of the other particles that is produced during the decay process must be

an alpha particle i
@ an electron ?‘35 u' —I7 Lo ﬂ\ ]L ;{_oL-—

G0

C. a neutron G-
D. a proton

How long would it take 10.0 g of uranjum-235 to decay to 1.25 g? é'hv(_

A 99x102y @ v M’ L @ " e
B, 18x10%y .25 =10-12 3+ bt g
R NS A
Jog.hus” > log s 7 brme = 2,130 o~
3 .n

The fission of uranium-235 will rejease 200 MeV of energy per atom. This energy is
related to the

initial kinetic energy of the initiating neutron E‘__ =)
B conversion of a nucleon to energy -
C. formation of beta radiation o l\ st de et 18 ]Ll-t amosif
@ mass defect of the nucleus , F il (VT ledd 1o Jo EA&J?.

Use the following information to answer the next two questions.

Cobalt-60 is a common radiation source used in cancer treatment. The half-
Jife of cobalt-60 is 5.2 years. A cobalt-60 nucleus decays by emxttmg a beta
negative particle and a gamma photon.

Which of the following equations describes the decay of cobalt-607

60 60
PCo—> SNi+ p+y+v

Al = P2
£) Sco— SNt Spay+y prar
C. %Co— 5%Fe+ P+y+v V5.6
5%
D. %Co— SFe+ Sp+y+V Mo = 00" ‘/’}

The percentage of cobalt-60 remaining after 15.6 years is ‘&5 %.
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Use the following information to answer the next two questions.

Activity as a Function of Time for a Sample of Barium-137
SO0y T T T T - T T
1 BN SG SR W O S0 O O S O
oot A I
_ _ T : i L e
-mmq‘ : : . i o
ey . it T S o I NG 9 S WO
E A |
E A b . ke
E 3
g 3o N 3
o § -
IS 2000 R . N
E ' kN i i ;
< e
1 000 - Sl :
i e iy S _ s w S %ww-:»
et :
0 : \&, 0 00 02000 O O I D .
0 i 3 4 & 8 i i2 14
Fisie mbutes)

umerical Response;

PRV

DICHE
DOWE
DO
DREGE
DOO®®
O1010)
DEE®
IO1610)]
OO
IGI0T0;

38.  The half-life of barium-137 is %5 minutes.
(Record your two digit answer in the numerical-response section on the answer sheet.)

85.  The activity of this sample after 3 half-lives have elapsed is approximately

A. 260 counts/min No = - NS n

520 counts/min 0 | >
: - H{oo </
C 1 900 counts/min -
D. 2 080 counts/min

2 ﬁ}ﬁb
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Use the following information to answer the next two questions.

In certain parts of Canada the presence of radioactive radon gas within the
basements of homes poses a serious health risk. Radon-222 has a half-life
of 3.84 days and it decays through alpha emission.

umerical Response

@@®®® 39.  An 8.82 ug sample of radon-222 decays for 24 hours. The remaining amount of radon-

901010,
6161610)
OO
alotolo]
DO
OO
DOOT
OO
6101016

222 in the sample is a.be pg. The values of a, b, and ¢ are , and
(Record your three digit answer in the numerical-response section on the answer sheet.)
g
Qe

% sxt I

7%

86.  The product of the alpha decay of radon-222 is

2]SP ('4 -
O i 222 i = oL+ ey
B. %po 5 R

C. Rn

D.. “2Rn
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After Einstein demonstrated that energy and mass
are inter-convertible it became apparent that the E.= mekc2

laws of conservation of mass and conservation of - 8 2
energy were actually aspects of one law — the Ee- =9.109383x107"'kg(2.997925x 10 %)
1eV

conservanon of mass—energy
' il i 1.602177x10 ®J

E, =8.187107x10™Jx
E,. =0.510999MeV

% b . In this conception
we can thmk of an electron, for example, as having
amass of 9.109 383 x 10™ kg or as an equivalent energy of 0.510999 MeV. Notice that on your Physw
Data Sheet, the masscs for some first generation fermions are given as energy in €V or MeV over c’.

Particle detectorxs

Subatomic particles are far too small and move too fast to be observed and measured directly. Also, most
elementary particles decay into smaller particles very quickly —i.e. 107 16 107 5. In order for a detector

to sensc a particle, there must be an interaction between the particle and the material of which the detector
is made. Fora cl »when a gas 1s :
S b1, the vapour will condense
into droplets around the trajectories of charged ions as -

) deed. This is the

same principal that produces vapour trails for airplanes.

Sber T quid propane, hydrogen,

helium, and Xenon are a]l used. However, liquid
hydrogen is used most commonly since the hydrogen
nuclel provide target protons for collisions. If a high-
speed charged particle passes through the hydrogen,
hydrogen ions are formed, and the hydrogen boils a few
thousandths of a second sooner around these i 1ons than
in the rest of the container.

Frequently a » ddield is applied across the
chamber, bending the paths of the charged particles.
Postitive particles are curved in one direction, negatlve
particles in the other 3 i T

- neutral particles nor low-energy photons will be

detected.
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AT

e et .ergyeganmé&pﬂons&ggfﬁdedi ihyheneel -g,wnhm a thin lead plate electrons and
posnrons were created simultaneously in a process called pagmepegtition. In pair production, a photon
interacts with a nucleus, the photon ceases to exist, and an electron-positron pair is created.

v— Se+ Se

IR

____Note that there is no trace of a
“=”" gamma ray uniil it collides with
a nucleus.

A drawmg of the electron posnron pair from the
. photograph. Note that the particles spiral in opposite
directions in the external magnetic field.

Pholograph of electron-positron pair
pr()dllCtlDIl ina bubble chamber

For eIectron—posnron pair produchon to-occur two things must happen. First, a photon must colhde with
a nucleus causing the photon’s energy-to be transformed into particles —i.e. a photon cannot
spontaneously decay into a pair. Second, the conservation of mass-energy requires that the minimum
photon encrgy must be equa} to the rest mass of an electron plus a positron.

The positron, like the e_]ectron, is a stable particle. However, the before
positron finds itself in the company of zillions (physics technical . _

term meaning “lots”) of electrons. Under normal conditions, a Com> €08
positron will collide with an electron within a millionth of a second ' ‘
and they. will annihilate (destroy) one another and energy in the form R VAVAVAYA HVAVAVAV- 2
of photons is emitted. This process is known as pair annihilation, . after H
the direct conversion of mass into e]ectromagnetlc energy. Note that - o
two:photons are produced ‘Why?- The gamma rays fly offin - eTte o>yry
opposite dlrectlons in order1o conserve momentum (i.e.zeto

momentum)

Since a proton is 1840 times more massive as an electron, the energy required to produce a

' protonfantiproton pair would have to be 3880 times greater than that of the cosmic rays that produce
positrons — i.e. about two thousand million electronvolts (2 GeV)! The production of heavier particles
and the need to probe deeper into what matter is made of requires larger and larger accelerators. Today
there are accelerators that give particles energies of over 2000 GeV or 2 TeV. The newest and grandest
accelerator so far is.the Large Hadron Collider (LHD) which will operate at 14 TeV. '
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Nuclear forces

Soon after the nucleus was discovered there arose an obvious question: Since a group of positively charge
particles must repel each other, what holds the nucleus together? A simple calenlation of the repulsion
between two protons separated by a distance that puts them just about in contact in the nucleus (~ 107 m)
yields a repulsion value of arcund 230 N. This is an enormous force when we consider the mass of a
proton. By 1925, there was recognition that a new kind of force was needed. The strong nuclear force
binds neutrons and protons together to form nuclei. It has an effective range of 1.0 x 10"° m and can have
energles of as much as 100 MeV. While the strong force is attractive for distances around 1.0 x 10" m, it
is repulsive at distances less than 0.5 x 107° m (i.e. — two nucleons cannot occupy the same space.)

The strong force, which is the mosl potent of all interactions, 1s about 100 times stronger than the
electromagnetic force and is 10™ times stronger than the gravitational force,

The Four Forces of Nature*

Force Interacts between Relative Effective  Mediating Particle
strength range particles observed?
Gravitational All mass-energy 10 Unlimited  gravitons no

All material particles
{quarks and leptons)
Electromagnetic Electromagnetic charges 10° Unlimited  photons yes
Many sub-nuclear particles
{quarks and gluons)

Weak nuclear 107 ~10"m W, W, Z° . yes

Strong nuclear 10 =~10%m  gluons indirectly

*The strengths (in Newlons} are for two protons separated center-to-center, by 2 x 107" m,

However, if the strong force is so dominant, why are some nuclei unstable while others are not? There
are two reasons for the instability of some nuclei. First, the strong force has a very short effective range.
If nucleons become too close the force is repulsive and if they are too far apart the force becomes too
weak. The larger the number of nucleons, the greater the distance between the furthest protons in the -
nucleus. Eventually the distance becomes too large for the strong force to overcome the electrostatic
repulsion. The result is the nucleus decaying into smaller nuclei. Second, some nuclei are unstable due to
the action of the exotic and destabilizing weak nuclear force. This is based on a 1934 theory by Enrico
Fermi which explains how neutrons can convert to protons.and vice versa. It explains the beta decay of
many nuclel.
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Quark theory

For the Physics 30 diploma you are required to know:

— Which quarks make up a proton (uud) and a neutron (udd).

= Fach quark had a fractional charge, either —¥ or +% of the fundamenta] electron charge. When the
quark charges are added together the result was the observed integer charge of the baryon.

Characteristics of quarks and antiquarks”
Quarks Antiquarks

Flavour Symbol Charge  Spin Eggg; Symbotl Charge  Spin El?rl;qyl?:r
i Up T +3 iU -3 oz 3
generation Down d _ % % + % a + % % _%
o Strange S -4 3 +1 3 +1 1 -1
generation Charm c + % .;_ _|_% E _ % % ._%
4rd Bottom b -3 ‘;' + % b + % 3 _%
generation Top t + % % + % T » % % _,.%,

The proton consists of two up quarks and one down quark (uud). The neutron consists of one up quark
and two down quarks (udd). We can show that the sum of their charges add up to their observed
properties.

For the proton: For the neutron:
charge: (+%) + (+%) + (-4} = +1 charge: (+%4) + (=5) + (-¥%5) =0

Neutron decay revisited
When physicists determined that the neutron is composed of quarks, one up quark and two down quarks,
they reallsed that the neutron nself was not decaying, but rather one of the quarks was decaying.

The decay of a neutron can also be representcd as a quark decay:
udd ———uud+e +v,
Similarly, the decay of a proton can also be represented as a quark decay:

uud——udd+e” + v,

The standard model

In the standard model, our understanding of the building blocks of matter follows the pattern illustrated in
the figure below. Molecules, such as water (H,O) and glucose (C¢Hj206), are composed of atoms. Each

atom consists of a nuclens that is surrounded by a cloud of electrons. The nucleus, in turn, is made up of:
protons and neutrons, which are composed of quarks.

o 1@'
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87.

88.

Use the following information to answer the next question.

The first evidence of antimatter was a photograph of the track produced by
a positron as it moved through a perpendicular magnetic field inside a cloud
chamber.

An electron moving in one direction through a magnetic field in a cloud
chamber leaves a track identical to that of a positron moving in the opposite
direction. To prove that a track was made by a positron, scientists
conducted an experiment: a thin lead barrier was placed across the path of
the particle to slow the particle as it passed through the barrier, thereby
revealing the particle's direction of travel. The results of this experiment are
lustrated below. '

X Represents a magnetic field directed into the page

The relative speed of the positron on either side of the barrier is determined by comparing
the '

A.  length of the track on either side of the barrier Gor e It’”

B.  direction of the curvature on either side of the bartier ‘
- . - . ] p ‘;\&\)]‘VL‘\ N
C.  strength of the magnetic field on either side of the barrier

@ radius of the curvature of the path on either side of the barrier

To study sub-nuclear structure, high-energy particle accelerators are required because

A.  plasma exists at high energy

B.  antimatter exists at high energy

C.  ofthe short-range effect of the electrostatic force ‘ﬂvh e
of the short-range effect of the strong nuclear force & ¥4 whot

GCaJ{/\J\n Hm’Om Conarth 2ra
'}’M Sff/ofﬁ f’\“iugtm -Qf&g V) ng}\ $o
!?ffsji -He r\-vu't-us .
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89.  Which of the following decay equations describes beta positive decay?

A.
B.
C.
G

]

udd —uvud+e” +v .

udd > uud+e" +V

uud ->udd+e” +v oo™
Pf A vedd
uud —>udd+e” +v Vv z -y -l
EIC T S
30303

Use the following information to answer the next question.

Fon
— negtier 7 o>

A high energy gamma ray traveling up the page enters a cloud chamber
within a magnetic field. The gamma ray collides with a stationary atom
resulting in the formation of two high speed oppositely charged particles.

90. The tracks that would result from the described interaction would be;

A

&

land I S c
Iand IV . ‘ _pcu‘r ‘a/oddbﬁo‘\
Il and 1V

Vand VI | ﬁyﬁi/? %ﬂ}?
\

GG\’%UQ‘} (P\ﬂ' g‘f}"y
: Je{*feukeg (gml! mts) LA

dB Fuee haag
ofafaf 2 d ff
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91.  Two types of pions are modelled as consisting of either a down quark and an anti-up
antiquark or an up quark and an anti-down antiquark. The only possible charges for these
types of pions are

A. *zeor —ée uf” a»h 01(
1 ; o h~y 4 '§ = *)
B. +-cor+=e owa At ™ 3
3003 a4 -2 ochyek
—leor+le /3 6 - -’l
—leor@

Use the following information to answer the next six questions.

One Solar Nuclear Fusion Reaction Eqguation
H+ H — ‘He+ 'n+energy
] F 2 0

Representation of Naclei Involved in Fusion Reactien

/,
Demerium @ Trittum
\ / Legend
Inermediate (%3‘ @ Neurron

goduct +

3 / \ E:, Pruton
Alpha N Neutron
particle @’@ @

One way to harness this energy on Earth is to use a nuclear fusion reactor.
One of the problems in terrestrial fusion reactors is the very high energy
required to overcome the electrostatic repulsive force between the
deuterium ions and the tritium ions.

A particular reactor design uses magnetic fields in a process called magnetic
confinement to keep the ions inside the reactor. However, neuirons escape
magnetic confinement. These neutrons are captured by a shield called a
hthium blanket.

92.  Energy is released in this nuclear fusion reaction because the

A.  free neutron has a high energy
B.  number of protons remains the same

C.  number of nucleons remains the same

mass of the alpha particle and neutron is Iess than the mass of the intermediate
product — 4 c@%f' f
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40. At a particular instant, the clectrostatic force that the deuterium ion exerts on the tritium
jon is 23.3 N. The distance between the centres of the two ions, expressed in scientific
notation, is a.be x 10" m.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

Use the following additional information to answer the next question.

A positively charged deuterium ion enters a magnetic field directed out of
the page, as shown below.

2'& T, 'F’?'""Whgff

'S gr} ) Lo 9“""\!) - easJ-
» poim = bothe of

» Represents a magnetic field directed owt of the page

brd

s
fege

93, The direction of the magnetic deflecting force that acts on the positively charged
deuterium ion as it just enters the magnetic field is

A.  into the page

B. outof the page

C. toward the top of the page
@ | toward the bottom of the page

94.  The neutron produced in the fusion reaction cscapes_the: magnetic confinement because

neutral particles are not deflected by magnetic h fields
the neutron is moving so fast that it escapes the magnetic field

C. the energy produced in the nuclear reaction is enough to cause the neutron to
escape

D. conservation of momentum requires that the neutron has to be pushed in the
opposite direction to that of the helium produced
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95.

96.

As a particular neutron travelling at 5.21 % 10° m/s hits the lithium blanket and
stops, it experiences an impulse of i, and the neutron-lithium collision is
classified as __ §i

The statements above are completed by the information in row

impe = O
F/ = mivf Y 6)
- l“ j\b"v} O *;'}Iﬂjb

n L E 820087V

\> b a-d cl?())

Row ] i

A. —8.70 x 1077 N-s elastic
(B) | -8.70x107"Ns inelastic  —]
-C. —227x107"] elastic-

D 227 %1071 inelastic

Ey is mherened !

(iq ;,fui}‘c)‘

Which of the following equations most likely describes a neutron—lithium collision?

@
B,
c
D

i 77 8y :°
on+ 3Li—SLi
I 47« Sy -
0n+3L1—>3Ll
oN+ iLi —>7Be-

4y - 5
on+3Li—  Be

GOOD LUCK ON YOUR EXAM!!!
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ANSWERS

Multiple choice Numerical Response

i. D 25.C 49. A 73.C 1. 401 25.54(x1) 3 7(x1)
2. A 26. A 50.C 74.C 2. 3141 26. 5827 or 5877
3. A 27.D 51.A 75.B 3. 4641 27.132

4. B 28. A 52. A 76.C 4. 5007 28. 1994
5. C 29.D 53.D 71.B 5. 780 29. 6213
6. C 30.B 54.B 78.D 6. 9445 30.1819
7. A 31.A 55. A 79.C 7. 8407 31. 1715
8. C 32.B 56.D 80.D g 17180r1818  32.122

9. A 33.D 57.D 81.A 9. 6.94 33.59 or 29
10.D 34. A 58. A 82.D 10. 21 or 51 34.318
11.B 35.D 59.B 83.D 11. 6412 35.179
12.D 36. C 60. B 84.B 12.9.29 36. 2346
13.B 37. A 61.B 85.B 13. 3875 37.12.5
14.D 38.B ' 62.B 86. A 14. 9305 38.2.5
15.D 39.B 63. A 87.D 15. 3124 39. 736
16.C 40. A 64.B 88.D 16. 1.60 40.3.14
17.C 41.D 65.D 89.D 17. 36

18.D 42.D 66. B 90. C 18. 5014

19. A 43.D 67.C 91.C 19. 24.6
20.A 44. A 68.B 92.D 20. 1263

21.D 45.D 69. A 93.D 21. 5833

22.D 46.C 70. C 94. A 22.1812

23.D 47.B 71.C 95. B 23. 2942

24.B 48.C 72.D 96. A 24. 8618
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