Diploma Review

This booklet summarizes your Physms 30 course and g.tves you helpful tips to prepare you to
wtite your Physics 30 diploma exam.

Tips,
Tricks,

_ & helpful _
. S Hints

The Physics 30 Diploma Exam will be written:

Date:

Tiﬁle:

Locadon:




Measurement

All messurements contain some estimation — no measurement is petfect The number of slgmﬁcant
digits Wﬂl communicate the quality of 2 measarement

Units
Memorize the four fundamental units and the common derived units.

?

1. Answers must always have appropﬂate units, Cornpiete the chart below by writing in the name
of the unit,

Answets for all qﬁestions are on page 42.

Fundamental units " Derived units
(m) for distance o ) for fotce
(s) for fme R () for wotk or energy
(kg) for mass a ' (W) for poﬁrer |
(A) for current T (C) for charge
i (T) for magnetic field
(V) for potential difference

Charts

The manipulated variable should be in the first column; the respondmg vasiable should be in the
second column.

Voltage (V) " Current (mA)

20 6.3
4.0 125
6.0 18.8
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Vectors & Scalars

Vectors have both magnitude (size) and ditection. Sealars have magnitude only

2. Construct a list of scalars and vectors
Scalars Vectors
s peed veloo Fy
distence A splalemet
Eime _ogcelenadion
work [eneray | arauvity ?relc@

£ tampenctale “electAe field
Mmass racactic Freld

_ (/L\C\/‘QQ,— rVIniY\en]!'u,n
Vo l+&’3e, i M{gulse,

Indicating vector direction:
* use +/— for linear

3. Aballis travelhng 2t 9.0 m/s to the -north when it collides with a window. Deterrnme the balP’s
' change in velocity if it - :

a. breaks the window and continues to travel to the north at 4.0 m /s
b. bounces off the window and travels south at 4.0 m/s

Q> av \ff—v |
“Ho ~ 10

- ‘§.Om,
T

b) D.\-f}” V‘F-—V*

\
v

W

3
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2-D Ijirection

Use a compass rosette for geographic references,

N

4. State the direction indicated by the following vectors.

ESpeCiaHy for multiple choice questions, a scale diagram may obtain an answer for a non-right angle
vector question much faster than using components.. ‘

5. Two forces act on a mass as shown in the free-body diagram below. Determine the net force.

medhod | = R (mporecds
Q?S 35““’))@5 b0 f30) {511 20 L) ¥ ~ (4 ["’ﬁ?_")
37,837, + 15 3,48, + (25,961

587N 1230

40N

- $2.567

™y

"'e:c
;G';)'- *U"
:rq.a\r\l |
Kon B Ll’;..?.': -(17° $EN
. 7587

_(ﬁ_a “’\) ‘}a '}'&ei
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Free-body Diagrams

Free-body diagrams are used to communicate forces actmg on an object and are a necessary part of -
showing your Work in questions involving forces. :

How to draw free-body diagrams.

*  Draw the object (or a simple shape representing the object) without any suttounding
objects.

+ Use arrows to represent forces acting on the ob]ect Label them.

*  The length of an arrow represents the relative magnitude of the force.

» Do not draw a net force or acceleration arrow on the object.

Use the information below o answer guestion 6.

Four different freé—body diagrams are drawn below.
' : § €«————> N
a. b _ oo d.

6.  Idendfy the free-body diagram(s) that represents forceg causing the object to be:
A. inconstant motion. G —ael FOoxe :
B. acceleraung to the north. - net Force iS nockhh
C. given a net force to the south. b and {, Cnet ‘FO/&.& 15 50\’(7"’
‘D. stat;onary a - aet Fofct it ﬁ

7. Use free-body diagrams when describing forces. Draw a free-body diagram for an elevator that
is: ' '
1. stationary. | : _ : b moving downwards at a constant
velocity. -

-...> /]0 ﬁqe‘é t

g . .“’. ‘ __..,.. ;-",p—..
‘TF; =Fy T T

- : S ) [
' . "

i) -' A 5

c. accelerating upwards. : o d. accelerating downwards.

P B Fﬂﬁt}l'T_Fﬁ T,.’ }'f\tém/ [—3"'!"_[.

ffe

9 : _ , Fj'
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Graphing

* The title should be in the form responding variable vs. manipulated variable.
* Draw best-fit lines or curves as required.
-+ Never force your line to go through zero (the ongm) even if it theoretically should go
through the zero.

For calculating slope of a straight line: : J‘l@be‘ _ TN

Xy T

8. Identify the graph showing the propetly drawn best-{it line.
A. | B. Ve
o

®, , i

: Phy.sics 30 Review
Graphical Analysis

When'presented with the nééd to analyze.a graph, follow these steps.

Idenufy the responding and mampulated vatiables.

Identify a formula that contains the mampulated and responchng vanables

Isolate the responding variable.

Identify the slope as anything mlﬂuplymg and/or dividing the rnampulated variable.

el NS

-y“—“mx-I-b

When the responding vatiable is graphed against the modified rnarﬁpulﬁted vatiable a straight
line will tesult. Sometimes the responding variable has to be modified. ' :

" Copyright © Resource Development Services, Edmonton Public Schools 2009
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Curve Straightehing _

Once the responding variable is isolated, note what is happenihg to the manipulated variable. Catry
out this operation on each of the manipulated data and re-graph to get a straight line.

9. Sketch the gtaphsrand provide the general formula for each of the following relationships.
~ a. linear ' b. parabolic

de

l-lﬁ is \, el.x'l.
nal’ u\‘\;‘n-l}
: /g‘ d
c. invetse S d. inverse square
yeLl o | | 21

Ptoéedure for n_laking a g:urved line straight.

* Isolate the responding variable. ,

*  Recognize what is happening to the manipulated variable (e.g,, is it squared or inversed).

*  Modify (square it or inverse it) the manipulated variable and place the modified numbers in 2 new
column. _

*  The modified variables are plotted to give the'lincar graph (also modify the units in the same way).

10.  An experiment is done to determine the value of Coulomb’s constant, k. The distance between
two chatge spheres are manipulated and the corresponding electrostatic force is measured.
: {': .eﬁ e a. Sketch the expected graph when electrostatic force is plotted as a function of separation
o ﬁ: = - & . - o
3= stance, - : , . : '
U b. Identify what must be plotted in ordet to obtain a straight line. Sketch the line. '
¢. Show how the straight line graph could be used to determine the value of Coulomb’s

constant. :
g kg
¢
ﬁ‘fope e k‘()v%m

R R RS 7T L L
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Major pomts

Linedr collisions: use +/— signs for direction.

Energy is transformed from one type to another; momentum is transferred from one
object to another. .
An isolated system has no interactions (exchange of energy, mass or forces) with other
systems. -
Impulse of an ob]ect is its change in momentum

The area under a net force versus time graph is impulse.

net

Collision types:
« elastic collision — kinetic energy and momentum ate conserved
+ inelastic collisions — only momentum is conserved

: .Ti'ps

Two-dimensional collisions must involve trigonometry.

When asked to explam any question involving momenturm, make sure to state that
momentum is conserved. : '

Use Ft = mAv to help expla-in how increasing the time of impact decreases the force of
impact, thus limiting damage. This can be used to explain concepts, such as air bags,
bungee cords, trampolines, crumple zones in cars, and many other collisions. '

" To show that a collision is either elastic or inelastic, compare the total kinetic energy.

befote to the total kmetlc energy after. Klnetlc energy is conserved only it elastic
collisions.

“Copyright © Resource Development Services, Edmonton Pubhc Schools 2009
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11, A42 g racquetball is moving east at 14.0 m/s when it is struck by a racquet giving it a velocity -
0f 22.0 m/s east. Determine the impulse given to the ball.

if'\leSC - A€

vi = 14.0 m/s _ mO\/‘ o b 2 D3NS
- 22.0m/s M{\/{, - - | East

=004 (o.z—w)
=0 3':1 Ko m % O NS

12, A 42 g racquetball is moving east at 14.0 m/s when it is struck by 2 racquet giving it a velocity
of 22.0 m/s to the west. Determine the impulse gwen to the ball.

W-<€<—> +[ inp.»\sc > O | -
‘ : - LS M
vi=14.0m/s (“"F’“") _ lﬂf"’u ) U"?L
<9- > [ "09‘{1( 2-14) - o
Vf=22.om/5 - - Lg k&"?’

.13 ngh jumpers must land on soft mats to avoid injury. Use physics terminology and formulae to

describe how the soft mat works to prevent injuries, . _ Jse
ch’ch(r YDJ ‘F’f»” bn bhe Ma»'rd’?/ bre 3,\)‘)%9 yw Cyf'eﬁt'ﬁﬂf.ﬂ 4 S0 lfv'f’ |

5 -é /V\o»‘k %
moep T b by ERR

lorge foae |
14.  Two objects, A and B, arc’on a head-on collision course. Object A’s mass is 2.0 g and it is
travelling at 12.0 m/s to the right. Object B’s mass is 4.0 g and it is travelling at 3.0 m/s to the
left. After the collision, object A is travelling to the right at 1.5 m/s. The velocity of object B

after the collision is:
The s o 1D ‘Co“{h’w\. (doﬂ'- shek)

9/‘0\#\(9

A, 23 m/s to the tight. -
- B! 23'm/s to the left. :

C. 83 m/stotheright. (?b = P e
‘D, 8.3 m/sto the left.

(gom) ’r(q,ox zo) @uuc)-;f Hox g

gl__l + --|’2 = 3.0._+ lf‘OVg

43 -3D - v
Lt AV
Uo |
'-Q.:L}'m'/ —_A

2 3 ‘?’ [8) 3"\"’ kd
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Forces & Fields

Fields are the space around an ob]ect that can be influenced by that ob]ect The effect produced Isa
force. You have studied three types of fields in Physics 30.

Field - | Source / cause | - Direction Range |  Testobject
Gravitational mass attraction only infinite - small mass
‘M Flectric . charge attraction & repulsion infinite small positive
L (|E]D charge
: ‘ . Magnetic ~ moving attraction & repulsion “infinite compass needle
(B) charges '

' Copynght © Resource Deveioprnent Services, Edmonton Public Schools 2000
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Major points
*  Charge is conserved.
* There are two types of chatges, positive and negative. A neutral object contains equal
_ amounts of both.
* Law of Electric Charge like charges repel; unlike charges attract.
* Conduction is the transfer of charge. -
* Induction is the separation of charge due to another near-by charge. (no contact)

Thete are three ways to charge an object: . |
* by conduction (e.g., contact) — produces ldenuCally charged objects.
* by friction — produces oppositely charged objects.
* by incluction — produces oppositely charged objects.

Coulomb’s law dcscﬂbes the electrostatic force between two

. charged objects. _ %49,

Ry

Tips -
* Do not forget to square the distance in Coulomb s law formula. :
" Do not confuse spring constant “k” with Coulomb’s constant “k.”” They are totally different.

15. Two point charges produce an electrostatic force of attraction of 5.5 mN. Determine the
electrostatic force produced if the charge on both objects is doubled and the distance between

thern is tIlpled ( e N)
. ...--""""
n'L Izv L.‘Db ? . Q.me\/w
16.  Two identical metal objects, one neutral and the other with a charge of +6.0 uC, are brought
into contact-and then separated to a distance of 0.20 m

a. Is the fotce between the objects attractive or after contact?
b. Calculate the magnitude of the electrostatic force between the two charged objects.

‘?70 Q R N

IZL ' '
k ZX/ y 2ol $f""\f - s
LO Lo) ﬂ r\} 9‘6,6 'H" b
- 0 E}? Qf, ’2.0’\)

8\

&

4
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EIeCtric Fields

- Major points

* The direction of an electric field is defined as the direction a small positive charge (test
charge) would move when placed in the field.

* A test charge may be defined as an imaginaty positive charge placed in the field.

e To determine electric field direction, ask the question: “Which way would a positive charge
move?” The direction of movement is the ditrection of the field.

Tips . :
» Don’t confuse E for enetgy and E for electric field. They may be used in the same

solution and are often mixed up.
e Torce and field are often confused. Be cateful not to confuse the two. (Often students solve

for an electric force when the question asks for electric field.)
o ka
* Bl ="

. * - Fe = q|E| works for all situations.

is used only for point charges, not parallel plates.

17. Draw the eleciric field pattern for each situation below.

a. Positive'point charge b. Negative point charge c. Parallel plates

\T/ NP2 s
2% 3 (1

r'-—‘-_;

Noa—V m{o_fm eleche 'Ec\dg

Un \_’F’er f/\ﬂb{"f 12
‘F‘C! ds

Copytight © Resource Development Semces Edmonton Public Schools 2009
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18. - Complete the two columns below. In the first column, sketch vector arrows representing the
electric field at point P as a result of each of the two chatges: In the second column, sketch the
head-to-tail vector diagram. The arrow length should represent the relative magnitudes of the

vectors.
_ Tndividual Vectors . Head-to-tail Vector diagram -
Ask: “What direcdon would a positive " The net electric field is the vector sum of
charge move if placed at point P?”/f’ the individual fields.
2. -
BN A,
, P N
El>
Bl
e ) | 4
1 2 \L’ 1

=
Cemembin [E) A 0(}

()4 1 | -

Coéyright © Resource Development Services, Edmonton Public Schools 2009 -
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- Major pomts

19,

Moving charges create magnetlc ficlds. :

A charged particle moving through an external magnetic field expenences a force

(F,, = qvB).

Magnetic field direction is determined by the direction the notth end of a compass points
(i.e., from the north pole to the south pole on the outside of a magnet).

Motor effect — A current-carrying wire inside a magnetic field Wlll expetience a force.

(Fm_BIQ

-Induction (generator effect) — A wire that is forced to move through a magnetic field will
-produce a cuttent. 'The cutrent produces its own magnetic field that opposes the otiginal

magnetic field (Lenz’s Law).

. Use your left hand for negative charges and your right hand fot posmve charges

(conventional current).

A compass needle is deflected perpendicular to a current carrying wite.
'The compass shows the direction of the magnetic field (B).

The direction of current flow will affect the chrectton of the magnetic field.
The vector convention is:

- vector into the page vector out of the page

ON BENO

>

Idendfy the magneti.c field direction to the left-hand side of the bar fna.gnet shown below.

Copyright © Resource Development Servlces, Edmonten Public Schools 2009
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Hand Rules

Hand rules relate cusrent chrectlon with magnetic field direction. Use your left hand for neganve
charges and your tight hand for positive charges.

First left-hand rule for Second left-hand rule for " T'Thixd left—haiﬁd rule for the flow of

electron flow. through a electron flow thrcmgh a coil. | negative particles through a
straight wire. magnetic field or electrons through

| a wire. Charged particles will turn in
a circle as they move through a
magnetic field.

Morth Pole Flow

Electric chatges and magnetic poles are different phenomena. POSHJve and negative

charges are NOT attracted to, or repelled from, north and south poles.

¢ Know your hand rules. The hand rules help determine the relauonslup between current,
magnetic field and magnetic force. - '

* A mass spectrometer (charged particle through a magnetlc ﬁeld) can be used to-
determine the mass of- charged particles.

* Be able to derive the expression for the speed of a charged particle through a velocity -
selector :

20. A beam of singly ionized lithium ions is not deflected as it passcé through a velocity selector

having a magnetic field strength 1.8 X 10-3 T perpend_lcular to an electric field of 500 N/C
towards the ground.

- Draw a free-body dlagrarn of a lithium ion as it passes thmugh the ﬁelds
b "Determine the speed of the ions. :

o) undePlecked 59+ b) - F.

T e Y

PR
\LF”‘ | , = 3 "

18R

2. qu!o;';‘ =Y

. Copynght © Resource Dcvelopment Semces Edmonton Public Schools 2009
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Energy may be transported by the movement of patticles or byr waves (vibration of a substance).

Major points

" Accelerating charges produce electromagnetic radiation (EMR).
* For certain behaviours EMR must be thought of as a wave.
Diffraction and interference can be explained by assuming light is a wave.
The direction of the EMR’s propagation is perpendiculat to the direction of the changing.

" magnetic field and is also perpendicular to the direction of the changing electric field.

All types of TMR travel at the speed of light (3.00 % 108 m/s in a vacaum).
'The seven colours of the visible spectrum may be remembered usmg the acronym ROY G
BIV. -

700 nm : ' ' 400 nm

low energy S - high enesgy
low frequency high frequency
long wavelength short wavelength

EMR may be considered to be a wave or a particle.

EMR whose frequency is less than visible is generally more wave-like.

EMR whose frequency is greater than visible is generally more particle-like:
Visible light may be treated as both as a wave and 2 parude depending on the
experiment or phenomenomn. _

' Copy::lght © Resource Developnient Services, Edmonton Public Schools 2009
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21. The main areas of the electromagnetic spectrum ate shown below. Classify the different
regions as ionizing radiation, acts like a wave, or acts like a particle. Fill in the blanks.

low energy " jow long
frequency | wavelength

radic waves

b Qe N%

microwaves
. wavl
infrared -
uitraviolet ,&g c. a¢+} HA&’
Lo ALY ' Fawt_:‘a\e, .
2 OMIMAKX §  Xorays [ L)o‘h)’\)
rafiation |
o : X | gamma

high energy high -short
_frequency wavelength

Measuring the speed of ]ight typically requires measuring large distances and/or short times.

Wave Mathematics

c=-Zf

Tips : _
~*  Memotize the different sections of the EMR spectrum and theit trends.
* The universal wave equaton works for all types of EMR.

Copyright © Resource Development Services, Edménton Public Schools 2009
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Speed of EMR

* Al EMR travels at 3.00 X 10 m/s through a vééuum.
* Many experiments have been done to better measure this value.

22 An experiment using a spinning wheel Wlth 360 cogs and a distance of 450 m between the wheel
and the mitror was used to measured the speed of light to be 3.00 x 108 m/s. Determine the time
required for llght to travel from the spinning wheel to the mirror and back.

_'\/:&

]

£

€= 4542 300 s

3.60 7([0‘6?
3

A rotating disk or mitror can be used to determine the speed of light. Michelson used the
following apparatus to determine the speed of light.

Light source

Plane

Rotating
mirror mirror

Observer
(detector)

" The formula v = 2dnf works for man situations, though vou should be able to derive it.
. y gh you sl
\b_ I Ada +J&t, '6’1“5 WMV!W S clugy W@
\QO\IMJ "]‘O - _
o e oo ) dime b HR
D Ve rehs o ‘F\‘h SLALA T L
' ' : Come e
D Since Wt ookes round £eop the 5o
v Ad
'é@/‘é)_
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Refraction

, Major points
Refraction is the changing of direction or bendmg of a ray as it passes.from one medium to-
another, It is caused by a sudden change In speed as the waves pass from one medium to another.

medium 1

\’JEdium 2
&2

Speed decrease - ' Speed increase
|'* 'The wave is faster in medium 1. ¢ ‘The wave is slowerin 1.
* The refractive index of 1 is less thanin 2. * ‘The refractive index of 1 is greater than in 2.
. - |
&1 fhi
|

medium 1

!

|

!

|

! medium 2
£

02N

Snell’s Law

23. A ray of light from air strikes the surface of a block of glass, having a refractive index of 1.50,
at an angle of 67°. Determine the angle of refraction.

Sta B - AL LR (7 - ‘_;_5_'2,
PR - s . ’.DQ
IONCS N, $1a Bv

o, -36°

DISPCtSlOI’l is the separation of EMR into mdlwdual wavelengths. It occurs when waves pass from
one medium to another, : : .

| When EMR travels from high to low refractive index it bends away from the normal line. If the incident
ray is greater than the critical angle, total internal reflection occurs — the boundary acts as a mitror,

Y o : o 8 |
7 n1=?\ - ny

i ny . 1 np

-Total internal reflection may occur when EMR travels from a substance to another substance with a
lower refractive index. ' :

Tips o
* For critical-angle questions the angle used for the angle of reftaction is 90°.
¢ Draw a labelled diagram when solving refraction questions.

Copynght © Resquice Development Services, Edmonton Public Schools 2000
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Tips

Lenses & Mirrors

Lenses and mitrors may be used to redirect the path of EMR and fotm images.

-~ Major points - _

*  The amount of redirection for a mirror depends only on its shape. For a lens, both its
shape and refractive index will affect the amount light is redirected.

* The characteristics of an image include:
Attitude: inverted or upright
Type: real or virtual
Size: - larger or smaller than the object

Characteristics of an image may be determined using formulae or tay diagrams.

; ;

ﬂ.in—n

_FLI»—‘-
Gﬂ.
R

1
I 4

24. Lenses and mirrots can redirect light’s path. Sketch a simple ray diagram for each situation below.

.Converging (+) Diverging (-f) - .
Lens Convex Concave A .
(refraction) |. :

Mirror
(reflection)

It is very easy to mix up lenses and mitrors. Underline the wotd mirror or lens in a question to
help make sure you do not solve for a mirror when the question asks for a lens and vise versa:
¢ The most efficient way to determine the characteristics of an image may be to draw a careful
sketch.. ' ‘

Copytight © Resource Development Services, Edmonton Public Schools 2009 '
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Diffraction

Major points
* Diffraction is the spreading out of a-wave as it passes a corner or through an opening. Since
light diffracts, this is evidence that hght must be a wave, not a particle. :

light __y =2 ___} ' -
beam double . e . dx _ dsinf
stit b

. -~ screen

Tips ' A
s ‘The angle must be less than 10° for the first equation to give good results If you are not
glven the angle, you should check using tan6 = x/L

*  Blue light is affected more (devmtes more — larger angle) by refraction whﬂe red is more
" affected more (deviates more — larger angle) by diffraction.

25. Monochromattc light falls on a pair of slits 1.35 pm apart. The maxima are measured to be
41.0 cm apart and the screen is a distance of 1.00 m from the slits. Deterrmne the Wavelength

of the light. (Hint: Check the angle) : X - d ’

=dn @ _
,;Q‘}g?{io:igh 31‘7":1) : rlu—)(_h;ﬂﬁ ' : E'\éfv {g ._)»z
! | X f;\lx!u

bt ot de !

&&F. ' Ty ‘66""‘ o= % o o] - frvwi.ali C«‘-.f':)}f.- L
%{g\‘a//p';;bpe z T,;; A : -QP{)”}{ e Al

N oz 2225 S ,H,‘ L onSutal
Polarized light bfates in the same plane. Polanzaﬁon is evidence hat light is'a transverse wave, w/enéy -

Copytight © Resource Development Services, Ed'mbnton Public Schools 2009
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Particle Nature of MR

Major points

For certain behaviours, EMR must be thought of as a patticle (photon).
*  The Photoelectric Effect
¢ Compton Effect

EMR can act as a wave ot a particle depending on the circumstance, even though they should be mutually
exclusive (i.c., has to be one or the other; cannot be both).

The energy of a single photon is given by:

Tips
 Slightly different answess may be obtained depending on the version of Planck’s constant used.

26. A beam of monochromatic light having a wavelength of 560 nm is incident on a detector. The
beam delivers 1.28 X 10 16] of energy to the detector each second. Determine the number of

1 photons incident on the detector in 2.00 seconds. J

; : ‘ E b be

) ind bR E=P 4 ab o nE-

i S 128w T Les E 345’74'0 P
RS B TV

. 2,;!,')(15”’
: = 21 p"‘?‘}w 'n

2) fi-d E of & sinde PL‘#M" - , 2 Se{.ﬁ‘ ;

J’

f;\-}‘,\ he ~ "\L 23.0¢ o a
_ ‘; ﬂJJX!a J\D’%h««'

L

-
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" The Photoelectric Effect

Major points
* Tinstein explained the photoelectric effect using the premise that light must be a particle
(photon), not a wave.
*  Threshold frequency is the minimum frequency needed to release electrons from the metal’s

- surface,
*  Work function and threshold frequency are unique for every metal and can be used to

identify a metal.
* The law of conservation of energy is used for photoelectric effect calculadons:

Photon energy = kinetic energy of electron + work function

27.  Label the three main sections of the following photoelectric effect graph.

Maximum kinetic energy as a function, of frequency

oo

SlopeC; "1 CMJ‘}'G-.‘}' |

Frequency -

Ve

‘e\b'Uw'{ £ nchon

Kinetic enetgy in electron volts (V) is numerically equal to the stoppmg voltage
{(e.g., £ Ex =10 eV the Vstop =10V).

Maximum Kinetic' energy -

 More photoelectric effect graphs - ' \}f 1’/\ o2

ﬁ’?’}" 51'70}4‘0

photocutrent
photocutrent

- photocurtent

frequency .  intensity stopping voltage

Tips
* Light intensity is propottlonal to the number of photons present. -
‘e Light frequency is proportional to a photon’s energy.
* A photoelecton is identical to an electron

" Copyright © Resource Development Services, Edmonton Public Schools 2009,
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The Compton Effecf

Major points _ : .
* The Compton Effect is explained based on light being a mass-less particle that has

momentum.

p:% BE=p

* High energy EMR (e.g., X-ray or gamma ray) contacts an electron in an atom. The electron

is ejected along with a lower enetgy X-ray.
* It provides evidence that light must be a patticle (photon} not a wave.

Compton Equation

Low ffequency X-rays .

metal 7
W ' A/"L=i(1—-cost9)
: ' R T

- Tips : o
*  Use the J*s version of Planck’s constant for Compton calculations. (6.63 X 10 Jes)

e Male sure you can solve a 2-D glancing collision between 2 stationary electron and X-rays.

28. Make a list of phenomena that suggest EMR must be ‘at'wave and a list of phenomena that -
suggest it must be a particle. ' ‘

Wave - - Particle

dffuctin od? Yourgs | pe efed
N .do le ‘\‘b - '
.inl’er'Fffwe | 'tff‘f | CWF’}M o

| | lpﬁi.w;w‘hy\ ({!&JU&ECM})

w2
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Major boints

“Here ate four atomic models you must know:

Thomson's raisin bun model  Thomson used cathode rays to discover the electron and
determined its charge-to-mass ratio.
CEh

S

Rutherford's nuclear model ~ Rutherford used the scai:tering of alpha particles through a gold '
foil to find that an atom is mostly empty space surrounding a

@ e- positive nucleus..
-
Boht's energy level model - Evidence that the electrons can only be found in certain energy
' ' levels can be provided from absotption and emission spectra.
"Thus, the atom is quantized. The law of conservation of energy

n=13 can be used to help solve these problems.

n=2

n=1
Wave méchanical model de-Broglie and others used the idea that the electron is a wave '

surrounding a nucleus to develop the wave mechanical model.

*  Use the law of conservation of energy for energy level diagram questions.

e Cathode rays are composed of electrons emitted from the cathode of a CRT.

s Absorption spectrums occut when an electron goes up on an energy diagtam. Emission spectra ate
produced when electrons go down on an energy diagram.

Copyrlght © Resource Development Services, Edmonton Public Schools 2009
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29.  Mercury gas is used in compact fluorescent thf bulbs. Some of ionization 0 eV
the possible transitions for an electron in a mercury atom are ve
given in the energy level diagram shown on the right.

F | 2.48eV

E -2.68 eV
A passing electron that has a kinetic energy of 6.90 eV collides with-
the electron in a mercury atom at ground state. Determine the: /P\D T v J -3.71 eV
a. total number of different photons that could possibly be C . WY 552ev
produced. B ToE> a3V 574y
b. Wavelengrh of the photon with the maximum energy p -
;J ﬁé -4 . LLI e
24

A _ -10.38 eV

- é]f\ez Faxs.Sv\ e‘CbT/O(\ {,J\H 'é/&qS’(t/ L{J")ev O—F
fnery/ 4o Ele mefc:urY e~ a-d reforn 0.L3 e/

~ b Hﬁ' e’ u;ll be C\,Lc,\'{:_c'(ﬂ o ,tur,Q- O

y Ly il | v\) Ehay CW\oo rasld e
L diffaet (,Mw prodecd

o Hhe
19 The Jston (,J\Hn He mak Cacrs s from
) \C(.’l‘/ff\ L b 'Q-Ol gfdm‘l'ﬂ% {VO\ZSs("\m (D—)A)

£ ke

A W& 5 B
é 61 e\'/“- Y rjtis <3 00¥Iv
N
_ -
xz LBbs ™

18'(7(\12\
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Major points
Radiation Safety
The danger of a radioactive substance is related to the: -
* type of radiation produced.
* activity of the substance. Activity is the amount of radiation produced in a glven ttme Itis dependent
on the stability and the amount of the radioactive substance. ‘

Safety can be improved wheni working with rachoacuve material by:
. decreasmg exposure time.
* increasing distance between people and 'the radioactive matertal.
* increasing shielding used.

Four conservation laws are used in this unit:
*  momentum
» charge
. * nucleons _
®  mass-energy ' : ) ' , .

Nucleat notation

A - Where: _
7% X is the symbol of the element;
A is the atomic mass number (total number
- of protons and neutrons); and
Z. is the atomic number (number of protons).

Copytight © Resource Development Services, Edmonton Public Schools 2009
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Types-of nuclear radiation.

alpha o2t helium nucleus (2 protons and two neutrons)
beta-negative P High-speed electrons from a nuclear source
beta-positive ' _[3+

gamima Y High-energy EMR from a nuclear source

Beta-negative decay occurs when a neutron changes into a proton and an antineutrino.
Beta-positive (positron) decay occuts when a proton changes into a neutron and a
peutrino. _ ' :
Balancing nuclear reactions depends on two conservation laws: conservation of nucleons
and conservation of charge. ' '
Mass-enetgy is conserved in a nuclear reaction.

Energy is released in a nuclear reaction because the total amount of matter decreases
according to E = mc”. . :

All radioactive decays show a characteristic decay curve:

S amount

time

Fission occurs when a large nucleus is split into two daughter nuclei.

Fusion is the combining of small atomic nuclei to make a heavier element.

Copyright © Resource Development Services, Edmonton Public Schools 2009 -
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Half-life

Where:
N is the amount remaining;
N, is the amount at the start; and
n is the number of half-lives.

Half the amount {

“——
Half the time

Half-life can be found from the
curve by selecting an amount
then half that amount.

Copyright © Resource Development Services, Edmonton Public

Schools 2009
33




Tips

balance and predict nuclear reactions.

The law of conservation of nucleons-and the law of conservation of charge are used to

* A moving electron is consideted beta radiation when it is produced through a nuclear

Process.

*  When asked to calculate a time or half-life, constructa table of n and amount: The log

function on your calculator may also be used, if you are familiar with it.

Particle Tracks

n Cunad.

e [450

t gHo

2 Y20 o
2 210

Detection chambers, such as bubble chambers, have been used to detect and analyze the nature of

moving particles.

Photographs of the tracks can be analyzed knowing that:

*+ positive and negative particles curve in opposite directions.
+ lighter particles tend to curve more than heavier particles.

* - neutal particles don’t leave tracks.

+  all conservation laws (e.g., momentum, charge) must be obeyed.

30. - Anelectron and a protbn produce the tracks
shown in the bubble chamber p1cture on the

right. .
 a. ldentify the track most likely prod'uccd by the: Particles
1. electron. enter fro_m
iL proton. here:

b. Deterrmne th(: dlrectlon of the magnetic field.

Lo,

- s th A e, 6 13 b g e Sl ol
Wd\ {'(Aj 'I\, (P TVE mafe ‘Hr\c.,n ‘MSE/‘ F&rhb\{,}

g - USWD 3(‘(9 hG’YQ lefa’ 15@
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Standard Model

Major points
¢ The Standard Model attempts to organize the hundreds of subatomic particles.
*  Quirks are fundamental particles that have fractional charges.
- ¢ Protons and neutrons are made from quarks.
- Electrons are elementary particles and therefore are not made from quarks ot anything
else.

31. Complete the following flow chart showing the relationship between first geheration
particles of matter. '

' Particles of Mattér

%\ka Corlotng trang | _ _ 'e‘a'}bf\s
L : | _ N
E o 1 |
Ve %\ka down %mli electron _elcf}:ﬁf\
+Z ) _ NeSTAno
s o5 T

~ Each particle has an associated antiparticle having opposite' charge.

Tips
Your data table has quark charges so there is no need to memorize them.
32. Quarks that make up normal matter must be first generadbn quarks (no antiquarks are -

allowed, since combinations of mattet and antimatter are unstable). Use the charge on quarks
1o 1dent1fy the three quarks that make up a:

a. Proton. 7 ' b. neutron.,
vivtd utd +d
2 FL +T) = 4 - 2441 FL = ¢
yrypren o Ran e
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Strategies for the Physics 30 Diploma Exam

Multiple Choice Strategies -

The muldple choice responses have a nearly equal amount of As, Bs, Cs and Ds. They make sure no
pattern appears; guessmg is a 25 % proposition.

- If you have spent two minutes and still do not have an answer, go on to the next question and come
back to it later.

Show all your work because:
« there is less chance of making mistakes.
*+ itis easier to check your work.

Scenario questlons tmay give extensive context or background preceding a seties of questions. Much
of the context is not required to solve the assoc1ated quesnons Some students find it advantageous

to try the questions before reading the context.

33, A230g ball is ttave]]mg at 12.0 m/ s to the north when it is hit by 2 bat and moves at 14.0 m/ s
to the south. The impulse of the ball is:
A. 0.50 kg*m/s, north.
© 0.50 kg*m/s, south. :
6.5 kgem/s, north. - ‘M(va‘&b'-" b{? ,

O 65kg-m/s south. . _,,m >
)
'—,)Jo(-l‘fa- ilv)
- -150 2(’ )

b Skt o L Es}
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Use the following information to answer the next guestion.

A toy contains a wound-up spting. A timer releases the spring, causing the toy to
explode into three identical pieces that move along the floor. Two of the pieces travel
as shown below. Piece number 1/travels at 50 cm/s while piece number 2 travels at 30

cm/'s. :
> i‘;\;;w{ “6‘5 e(,(;l-\

* ’ 7_

34. 'The dlrectlon the third piece moves is: : )
‘ 35° Sof LK. - V- fog Yok ' fgn")}(\’a {’ Sm‘NX? t

B. 35 NofE. O = kcw?vx Yl ) o ok ©2) by

C. 55°NofE. - - - . —| 1

5 tmen 0= =1 #2048 4 s (0= Y698+ 71428 Py

H'O.oﬁ,. o ?3‘{ , ‘ O = 27.70% "’€37¢
| RIS Qoe)'

(p'yy}o\‘f - | o
- bon @220, 5Y° SF

v | ‘ 7 q-oi" '}

4 *18 ‘”‘&‘ ’

35. 'I'wo charges', —6.0 uC and +4.0 uC, are separated by a distance of 60 cm. The electrostatic
" attractive force between them is: - ;
COJ v'm‘;? Lcud '

A 6OX10°N Lo |
B. 36x10°N —
Y 0.60N o , f'&,Q; k%,%rf
D. 036N . : LA
. . v '&)
(0:0)*

= 0.9743 WV
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Use the following information to answer the nesct question.

Twro charges are separated by a distance of 0.20 m as shown in the diagram below.
+2.0 uC +4.0 uC
& ®© ,"’ 2)
14 e, @ (& +q
S A
v
0.20 m

36. Determme the magnitude of the electric field at the midpoint between the two charges.
1.8 X 10° N/C

1.8 % 10° N/C {E,,Jrc lE/ - E/e

1.8N/C

5.4 x 10°N/C

SO

kaa _ kaxp®
‘!)Z (1)*
- f.‘B;{)Q"?

- 37, A candle is placed 5.0 em away from 2 convex lens havmg a focal length of 4.0 cm. The image

type must be i and the orientation of the i  image i$ i
i) Image tyi)e ' , ii) Orientation
@ real _ upside down
B. real right-side up
C virtual upside dbwn
D vittual right-side up
CDAJ.',\Ji:; le~d, , GQ
. re
| . ’ muo\w
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Numerical Response Strategies

Three types of numerical response questions will be on the dlploma exam.
* answer from a calculation
* sclecting from a list or a diagram
* identification of a sequence of events

The numbers must be cortectly entered into the box. The front of the exam has examples.

Show your wortk.

* Record your answer on the answer sheet provided by wntmg it in the boxes and then marking

the cortesponding circles.

*  For an answer between 0 and 1 (e. g (.35), record the 0 before the decu'nal place.
¢ Enter the first digit of your answer in the left- -hand box and leave any unused bozes blank on the

 tight.

38, A121cm Iong current-catrying wite is suspended in a magnetic field. The wire’s mass is
2.21 g and the current passing through it is 4.51 A. The magnetic field strength expressed

in scientific notation is X 10771

: (Record your three-digit answer in the numencal—response section of the answer sheet)

fr

T i _Sui( Vr(;f(.’ -Eyfg,(j balw\(-(oo

-
%IA‘W
He

2] 1911

©
©®
®0
®

CRONGRCRON - ACRSE
ORVNCRORCRTESRS)
CRONSRORCATASNS
SN  JORCRORCEINS)

&)
&)
]
®©

2.9 %8

'39. A beam of photons is produced from 2 laser to give a total enetgy of 4.27 X 10™° J/s. Bach
photon has an energy of 5.25 X 107 J. The number of photons emitted by the laser in 2.00 s

expressed in scientific notation, should be a.bc X 10%. The values of 2, b, ¢, and d are __

-2

section on the ANSWer sheet)

‘ , -
P'é : : 13 /XS RS )
z ., ""‘”"’"‘TE',

. ofpm
9._(\! (ors | ¢~

o I GL(,,L
Eho%m é' lgil £ 7

[~
o~
| ]
W)

030
ONORORO)
CHORORO,
@2QQ@
R ee
ORORONO]
[ORORORO]
0®®®
Q00
OJORORC)

>3

. (Record all four digits of your answer in the numerical-response .
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 Two NR questions will be linked to the same scenatio. One of the questions will ask you to identify
the two physics principles necessaty to solve the question. The second NR will require the answer to
the calculaton. This NR question may be a challenging calculation. You may want to leave it to the
‘end. '

Use the following information to answer the next two questions.

. An electron moving hotizontally at 2.50 X 106 m/s enters a 150 N/ C electric field
exactly halfway between two hotizontal parallel plates and follows a parabolic path as
' shown in the diagram.

. 14.0 cm. _
i e

x}} vertical displacement

SR S i

10.0 cm

Use the additional information below to answer the nesct question.

Six out of the 10 Physicé principles from your data sheet ate listed below. Use these six
principles to answer question 40.

Unifotm motion (balanced forces) *""7 her L“’\i“"o /"‘0{:“"
Uniformly accelerated motion (unbalanced forces) - wetie {V\o TN
Wortk-energy theorem

Conservation of momentum

Conservation of energy

Conservation of chatge

N S
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