s

fe

Example Diploma Examination Part B

1. The risk of a motorist becoming fatally injured in a vehicle collision is reduced when
an airbag or a seatbelt is used because the airbag or seatbelt __ i change in
momentum by ii___ the stopping force the motorist experiences.

The statement above is completed by the information in row

Row i i
{l "~ A.{  achieves the same decreasing
B. achieves the same increasing
C. decreases the decreasing
D. increases the increasing

fmp\/lfé = A()

Ye - T Yo time
FA-é ”'mb__\/ OrYﬁ \!/ Tote Aan‘nb He
Jo'i‘m?/ U,\g mometm 1S

lgroJéLﬂl’ to ¢

39




Use the following information to answer the next two questions.

The initial speed of a remote-controlled toy car on a horizontal surface is
3.0 m/s. The car then experiences a force in the direction of its motion. A

graph of this force as a function of time is given below. The mass of the
caris 5.0kg.

Force on Toy Car as a Function of Time

10.0
8.0
\
\
6.0
Z \
Z
E A
8
= 40 \\
\
\
A
20 \
\
\
0.0 ,
0.0 0.5 1.0 1.5 2.0
Time (5)

Two students analyze the motion of the car. One student looks at the first

1.0 s time interval. The other student looks at the complete 1.5 s time
interval.
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2. The speed of the toy car gt the end of the 1.0 s /time interval is

A. l4mis lrnoulte = B

B. 1.6m/s O\/&L(.{"D(f> - ‘bp
(T 46mis ltos = m BV

D. 8.0mfs

D010 = py
5 f.()“"l; -’/?\Dm(5 (v") = LI.()""/

3. The magnitude of the impulse of the toy car during the 1.5 s time interval is 5
(R 10kgms
B. 12kgm/s IM{)\/‘)& - ofeo
C. 24kgmfs
D. 40kgm/s AN U

- ﬁbln e
- Qi .W@jt@.w 10)

T JoONY (hj,%>
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Use the following information to answer the next seven questions.

There are many different types of propulsion engines for satellites. One type of ion
propulsion thrust chamber and the satellite to which it is attached are described below.

The cylindrical thrust chamber of the engine has a central spike. Electromagnets are
used to produce a non-uniform magnetic field directed radially toward the spike. A
virtual cathode consisting of trapped electrons is located at the rear of the thrust
chamber. An electric field exists between the anode and the virtual cathode.

Positive xenon ions enter the thrust chamber at the anode and accelerate toward

the virtual cathode, which results in thrust on the satellite. As the xenon ions pass
through the virtual cathode, they pick up electrons and neutral xenon atoms fly out of the
chamber,

Diagram I: Thrust Chamber in Engine

Thrust chamber Engine

Location where

; Virtual cathode
xenon ions enter

(trapped electrons)

ﬂ} Exhaust of
! & xenon atoms
i

Satellite

motion

Central spike \Radially directed
magnetic field

Anode

Diagram II: Cross Section of Thrust Chamber

Location where
Xenon ions enter

Magnetic field
direction

Thrust Chamber Specifications

Magnetic field intensity at the location where the xenon ions enter 0.0200 T
Electric field intensity at the location where the xenon ions enter 1.00 x 10* V/m
Mass of one xenon ion, Xe* 2.19 x 1072 kg

Exit speed of neutral xenon atom with respect to the thrust chamber 1.5 x 10% m/s
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U 4. In diagram II on the previous page, the direction of the electric field in region Y is

@ to the right —
‘Q)m + >

B. totheleft
C. into the page
D. out of the page

5. As the xenon ions, Xe*t, move through region Y, as labelled in diagram [ on the previous
page, they experience both electric and magnetic forces. The direction of the magnetic

force that they experience is
yErP ? 90 { j/\’“ I‘\ﬁvaq (’u

V
A. into the page Mergn he .p e[,j Ay fa,hm A t&n’.‘m
out of the page T
C. toward the top of the page o — A et " Mﬂ_ oA
D. toward the bottom of the page ) f‘V‘W(m@d'

IDOJM U@

6. The xenon ions, Xet, enter the thrust chamber at a negligible speed. The minimum
distance between the anode and the virtual cathode that is required fo produce the exit

. speed is
{) A. 12x10%m £Q lE]q ) ) > 1z+gﬂﬂ 5
o 106 m (Lin(h)*' )( hoXto t / ) 4
C§;>15XIUQm - Tas' N (urwo) =f FL003%0 ;
D. 14x10%m - :
) as gy, L™ A 15 e

~u 25

/
mo Ak
73Wwy

n While in the thrust chamber, a xenon ion experiences an 1mpuise expressed in scientific

notation, of a.b x 1074 kg-m/s. The values of a, b, ¢, andd
are , . , and

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

[{V\{)u\k = AP

- m bV

‘{Q,lq X5 [157% ID‘LQ
13@%?ﬂ5”%'
6. 33X15

[3 321
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Use the following additional information to answer the next question.

Xenon ions, m,,, reach the virtual cathode with a speed of v;. When a xenon
ion collides with a stationary electron, m,, in the virtual cathode, the xenon
atom, My,m. formed has a speed of v,

7. The relationship between v, and v; can be expressed as (onSer ‘J“"}“" "‘g
momevnﬁ)/\q
/
M.+ C hvae “")
A vy =|Zin T |,
2 L M atom ] 1 fhe_ﬁ\a PWA‘F‘}‘&\

B. Vo = &) Vi [/IJO/\ \/l ‘ -:” ‘r,- [4;(”0”\ VQ

Mion + Mg
, . 1’4
@V2= e |y, “ion v, - YA
M atom ("\O\‘h&”‘
D. v, =| Taom |y
2 \mion
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Use the following additional information to answer the next two questions.

Ion Propulsion Engine and Satellite Specifications

Average thrust applied by the engine to the satellite 0.200N

Mass of satellite and propulsion system 2.5%10° kg
Speed of xenon atom exiting the thrust chamber 1.5 x 10* m/s
Mass of xenon atom 2.19% 1078 kg

The length of time, in hours, that this type of fon propulsion engine must be in operation in
order to increase the speed of the satellite and propulsion system by 12,0 m/s is

A. 0.0240h jmpdse =5 P
B. 41.7h _I:l)‘[‘f"/mb\/ 3
1(;. ?Sscz)hx 10°h £, 2000 ¢ ot = @,S’){Io ) (IL\
. L /
pEzLsxe’ s g
he

The number of xenon atoms that would have to be discharged as exhaust in order
to increase the speed of the satellite and propulsion system described above by

1.00 m/s is Qew*“’“)ﬁ e oS (achnn)

21
7.8 X 10" atoms ﬂ:’l’@'{"p’ - F"‘H‘&\

B.
C. 1.6x 10> atoms
D. 7.6x10% atoms O = Nt Vb T Mok Vahm

O :Q@ww) 0 4o Qﬁao‘*)

-2.$00 kj r-i( .

m‘;mdw(—ku)
16 %
s
2.9 Lo K

odorn

A. 5.1x 10" atoms

gx’ )([om}ﬂ,lms >

45




Use the following information to answer the next four questions.

A negatively charged, graphite-coated sphere is suspended from the ceiling
on an insulating string in the region between oppositely charged parallel
plates, as illustrated below.

The plates are 20.0 cn apart and are maintained at an electrical potential
difference of 3.1 x 10% V. The charged sphere experiences an electrical force
of 8.4x 107" N,

Ceiling

Insulating string

Positively
i charged
| plate

Negatively
charged |,
plate |

Graphite
coated sphere

10.  One way to give the graphite-coated sphere a negative charge is to touch it with
a __ I charged rod. This process is called charging by __ii

The statements above are completed by the information in row

\ Lok
Row i ii Wﬁt’ﬁ l"/ (oo (f"“ ¢ ]
positively induction ey | {- fm © b ] Cu‘h OCzum/\j ‘H\ﬁ
positively conduction e _}V e 0\{ ch w%

negatively induction

A
B.
C.
C/’]/{ 4 negatively conduction @) .
Numerical Response

The charge on the graphite-coated sphere, expressed in scientific notation, i' @ @
a.bx 104 C. The values of @, b,c,andd are _S__, N | | ,and® l"b’g;l“

{Record all four digits of your answer in the numerical-response section on the answer sheet.) n 65 'J‘V{
o By 222 OETEL
029 ™ )
_ V. Iss0 = "6 %o - 1D
= 1550, T q = S0 ¢




O 11. Which of the following scale diagrams is the free-body diagram for the negatively charged

sphere?
B.
F T
Fe
FS
C. : b F,
Fro
i |
l - F,
Q Use the following additional information to answer the next question.

The charged plates are now removed. The positively charged plate is replaced
by the north pole of a strong magnet and the negatively charged plate is
replaced by the south pole of a strong magnet. The system is allowed to reach
equilibrium.

12.  Asaresult of the magnetic field, the negatively charged, graphite-coated
sphere will

A. swing back and forth between the magnetic poles

B. be deflected toward the magnetic noxth pole

C._ be deflected toward the magnetic south pole
hang midway between the magnetic poles

S1b

oL df\arg,{ s be """’“"")
" Of)"x +o &fenw-e & b,
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O Use the following information to answer the next question.jﬁ {men ﬁ) 7€ o€ a u_,o?

Two small metal spheres are fixed to insulated stands and given static charges N
of —4.00 % 107® C and +2.00 x 1078 C, respectively. The spheres are then ~F/
placed 0.500 m apart. Point P is halfway between the charged spheres. ,}u v

13. At point P, the magnitude of the L‘eléactric gii}d caused by the two char?{ged S_PlLeres is

5
8.63 x 10° N/C —_— éﬁ_._ (‘? e

B. 2.88x10° N/C . )
C. 216x10°N/C (£ = B.a9xw’ - 2X]o

D. 7.19x 0*N/C El/ep/j; o (2s)*
ot - sarigo,

15y Y —
| .U D" engshe, B IE g
Use the following information to answer the next question. ! P
k5300 F 287660
In all electronic camera flashes, there is a capacitor, which is a device that

allows large quantities of charge to be stored. The charge accumulates and is — 8, b3 £ 11)5 N/

-
-

'd “) then released very quickly.
p
The electrical energy stored in a capacitor is given by E = % cv?,
where  V = potential difference across the capacitor
and C = the capacitance of the capacitor in farads

14. Which of the following combinations of coulombs, joules, and/or volts is equivalent

to a farad? E{}} C\/L
s & v
) . 2E  _ o
7«05 v —""
v 4 v C v
\/}% C. lz ___I_, = C,
NY
D v 3’
o= O
67,
jx s ;é
— 48




Use the following information to answer the next question.

An electron is initially at rest at the negatively charged plate. At the instant
illustrated below, the electron has 50.0 eV of kmeuc energy.

|>=-‘:‘:'»._;‘;:g:)- -}' "— *——

e -z -,g(apeu
;k'r
=2V half

;gtf( r 2 e wﬁ.?(

V=215V

cooe

Electron £k >

ME (s conserwidd

Numerical Response

- At any point along the path followed by the electron, the sum of the kinetic energy of
the electron and its electrical potential energy, in units of electronvolts,is _ 2,0 eV

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

Use the following information to answer the next question.

An electron is fired into an electric field between oppositely charged plates,
as shown below,

SR e T A O

15. The path taken by the electron while inside the electric field resembles the path taken by

: ‘ forn
é a rock thrown horizontally from a high cliff 265 ekl protion ™ D un
B. an alpha particle entering a magnetic field perpendicularly ~N 14 CVQ lg)’
C. ahammer tied to a string and whirled above a person’s head V FA/Q

~

a charged oil drop released in the region between oppositely charged plates
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16.

Use the following information to answer the next four questions.

One of the methods used to link a person to a crime scene is DNA
fingerprinting. DNA fingerprints are as unique as the patterns on fingertips.
The laboratory procedure used to produce a DNA fingerprint is called

gel electrophoresis.

The apparatus used in gel electrophoresis consists of two parallel plates that
have an electrical potential difference between them. A layer of thick gel is
placed in the region between the parallel plates such that the electric field
direction is parallel to and inside the layer. In one step in creating a DNA
fingerprint, molecules from a sample are given an electrical charge turning
them into tons. These ions are placed at one end of the gel layer next to the
negatively charged plate. As a result of the electrostatic repulsion, the electrical
force does work moving the ions through the thick gel. Ions with a smaller size
or a larger charge move farther through the gel layer.

Negatively charged plate

2.00 x 10? V-

T R
ositively charged plate

P

Gel

When the molecules in the biological sample are turned into ions,

A.

C.
D.

protons are added 7~ P/ otons Cornnot be. a&l,acJ or (¢ r“OJfJ '
*(un\“SS ‘H“C

protons are removed L YO
C&\MJL jf\\}bl Con

electrons are added

electrons are removed Y

>§Mc{’, VnS gL —

mw&*\"(‘\ow{ am‘-/\ﬁ(} de,r.,bfor\)
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. 17. As an ion moves toward the positively charged plate, the magnitude of the electrical force

experienced by the ion Y _}u
. EJ ( & A,
A. increases as the distance decreases l N O VA VFMM { ,O -

& is constant as the distance decreases ) Ff‘)ﬁ ~}c : C,LW JAJ ‘}U‘P@) ttf

C. increases as the square of the distance decreases

D. decreases as the square of the distance decreases 11; {JQ SENZ e @—7 J@»{

n e fredd

Numerical Response

The magnitude of the electric field between the plates, expressed in - _ \/ QOQ\}
scientific notation, is a.be X 104 N/C. The values of a, b, ¢, and d ( E ) - —
are A, O , O ad % . OQ T A0m
-3
(Record all four digits of your answer in the numerical-response section on the answer sheet.) = Q- ;DO% lo %

"

18. Informing a DNA fingerprint, a particular ion has been moved 3.00 cm through the gel.
The magnitude of the charge of the ion is 2e. The work done by the electrostatic force to
O move the ion this distance is

1.20x 10% eV e
1.20><1021 N Eﬁi
C. 4.00x10%ev f/\) _ /)E/cﬂ
D. 400x10%] %
N @.lOXIS‘C'-D,ODO £ 0,03m

o 1A X198 A des

l,6o>(|5”i3/

N> 20 eV
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Use the following information to answer the next question.

Electrons can produce gravitational, electric, and magnetic fields as a result of
the following properties.

1 Charge
2 Mass *—"'_)j (O '}L‘}'\an._g 'Gc\'ﬂ
3 Speed

G

Sy ks 44

-
~ o moving G cotes o 8

Match electron properties as listed above with the field that they produce as given below.

19.

an accelerating electric charge

You may use a number more than once. There is more than one correct answer.

Property: ;2 / [ and 3 o

Field: Gravitational  Constant Magnetic ¢
Field Electric Field Field

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

An electromagnetic wave is created by

A. aconstant electromagnet

B. achanging field of any kind
C. amagnet in an electric field % > poeed } M ALV sll
S f/ f of ?’

SC(’f@;ﬁ,. I@g/in ?lw/

workbosk .
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Use the following information to answer the next question.

Several Methods Used to Estimate the Speed of Light

et

Observe the time delay for an eclipse of a moon of Jupiter.

2 Observe the time delay between uncovering a light on one mountain
and having an observer on another mountain react to the sign and
uncover a second light.

3 Observe the interference pattern produced by a single source that emits

light that travels slightly different but precisely measured distances.

Numerical Response

B When the methods given above are ordered from the one that produced the least

accurate estimate to the one that produced the most accurate estimate, the order is

least most
accurate accurate

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

See 199 = 201
~ 1 3 <o

N w..;/[,dqaok,
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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 L, travels to the stationary mirror, reflects from surface IV, travels back
to the 8-sided mirror, reflects from surface HI, and is incident on the detector.

Light
source

l Stationary
mirror
\§ v

.

I 35.0km
8-sided

rotating mirror

Light
detector

As the 8-sided mirror begins to rotate, the light does not follow the path
illustrated. Eventually, as the frequency of rotation of the mirror increases,
a series of light pulses follow the path illustrated.

20. The minimum frequency at which the 8-sided mirror must rotate so that a pulse
of light follows the path illustrated is

) hd ime B It fo Faved

536 x 10% Hz
B. 1.07x10°Hz IO K
C. 429x10°Hz
D. 343x10*Hz \/chi
1= 1RES 8 ?7000%7
Jo0M0 T T

54 2.?)(!;‘[! | 4
26 L7




O
Use the following information to answer the next question.

When white light from the sun strikes a flint-glass bead, the white light is
separated into its component colours, two of which are illustrated in the
diagram below.

"" (:hv'e
o 1&6} (A>

é‘wi 3!

Fdr
.lfwiun

21. Which of the following statements contains a valid prediction of the relative indices of
refraction for red and violet light and a justification of that predication?

A. The index of refraction of red light in flint glass is greater than that of violet light
because red light refracts more inside the flint-glass bead.

The index of refraction of red light in flint glass is less than that of violet light
because red light refracts less inside the flint-glass bead.

C. The index of refraction of violet light in flint glass is greater than that of red light
because violet light reflects more inside the flint-glass bead.

D. The index of refraction of violet light in flint glass is less than that of red light
because red light reflects less inside the flint-glass bead.

Numerical Response

On a particular day, the index of refraction of a 5 MHz radio s1gnal in Earth’s atmosphere
is 1.81. The critical angle for this radio signal is .

(Record your three-dlglt answer in the numenca]-response sectnon on nsw[;hs(lvleet

_ o Critic P rdues o Cetriche

— O CfHLJC asz&Pa(Wo“?’f &ess In /"fﬂ““"’} l(ﬂ‘U"C Awf)

$i\n O - [ . ].00
A ﬁ";, n
Sin &, T 55

g{r\ 9! - I!O;O
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S0 1.8l O~ 9.5




Use the following information to answer the next question.

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

(=2F

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

The distance from the image to the mirror is

A.

B.
C.
D

0.0833 cm L. 1L +1
0.184 cm < .
543 cm 1& AO & ‘
12.0cm /{_1 3 ,L —}, __'/
Y 3 é 7 4 :

Gt 16 C

Q/Jf\w o~ { ﬂw o whioh Shasts
that C cCan J(Lf, porret, e njh’(

Gngurin shot & be D,
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O Use the following information to answer the next four questions.

A student follows three procedures to study the properties of laser
light, She uses a laser that emits monochromatic light that has a wavelength
of 634 nm.

Procedure Observation

I | The student first shines the laser | The path of the refracted
light through a crystal that has ray is recorded.
an index of refraction of 1.53.

II | The student shines the laser light | An interference pattern is
through a diffraction grating that | projected onto a screen.
has 5.00 x 10° lines/m.

IIT | The student shines the laser light | No electrical current is
upon & photovoltaic cell that is measured.
connected to an ammeter.

23. The energy of one photon emitted by the laser is I
N A
A 420x107407 : X B
i _ ~3Y 300Xl
) B. 420x 107 [ = bb3Xlo_2
C. 3.14x10°%7 LM

3.14x 107197

E = 3 yxs' '3

24, In procedure I, the wavelength of the laser light in the crystal is __i
The speed of the laser light in the crystal is ___il___ than its speed in air.

S ! wt
The statements above are completed by the information inrow /¢ ’(;'6%'{" M g"‘e/Q‘o 4 ]a

Row i i X '
n - }-
A 4.14x107m less /[ - = [ Cny2 7
-—/ _7 n - M\
B. | 414x107'm greater A L 4 } v
C. | 970x10"m less (7 N )(\5 .53
_7 1 i P
D. 9.70x 107" m greater e [,00
f
ISP oy

gl mre Forse Fhor
E’)N oy

_ St C.f\/
57 i it oAl 4o
r




(e s el )

) e ™ %_/ S{ﬂ 9

N “n

| no

O b= Sy S

"~ A= Soa? T (9= 18,
/

m In procedure II, the angle between the central maximum and the first bright spot
of the interference pattern is °.

O

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

25. Inorder to produce an electrical current in procedure 11, the student must use
electromagnetic radiation that hasa __i wavelength or a photovoltaic plate that has
a __ @i work function than those she actually used in procedure II1.
((,7!/’(, 64(‘%

FA()‘!@ 51

The statement above is completed by the information in row

 ano hicher
s one hi
Row i i - Elébr 0‘\7‘( {a S’\a(k/\ 7\5 5€ﬂch\/ )
A. shorter larger )
T~ M A
B. | longer larger “ Lo ’W L,Jg/k ‘glno'} l‘ #"'\}-C . 2
C/E' shorter smaller e~ ,‘5 6)61/4%5 re_ﬁui finj c{ én 3/,
D. longer smaller

26. Which of the following lists has selected regions of the electromagnetic spectrum arranged
in order of increasing photon energy? y
!2 odia ML j;ﬂ visille VUV X ’«,\/ ganer™
A. Radio, microwaves, X-rays, visible t

Infrared, ultraviolet, X-rays, gamma ~———/—"—_—"/——_—_——-—P

a~d T Enes.
C. Gamma, visible, infrared, microwaves /\ -P /
D. Microwaves, ultraviolet, visible, infrared /_——_—-_/_/

| . wo.,de,’ﬂﬁ:)%'

27. A photocathode that has a threshold frequency of 5.6 X 10" Hz is illuminated with light
that has a frequency of 8.2 x 10'* Hz. The maximum kinetic energy of the ejected
photoelectrons is r(

(oS~
1.7><10-191 I?FM‘”‘ 7E1Aelwm\ b ( tntlsy
w% 10712
B. 37x107°7J hf= EIA ection } }HCD

C. 54x10717]

A N
D. 9.1x107%7 @‘63)(?53\('&7/)(!&;9’/ B clecker _},@Bﬂo‘/,’i’(nﬂa
O 36 o'y = By 4 0 REX T
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O 28. The explanation of the Compton effect requires the

A. wave nature of light ﬂ' . \’_
particle nature of light 1€ o prpe
C. probabilistic natore of quantum physics A +L‘ ﬂ ar %E bt

D. ejection of electrons from a metal surface

~ b
cpes g

29. One immediate result of the discovery of cathode ray particles was that the theory of the
atom was revised to a theory that hypothesized that

Fon  Mametomn - momtefue

ossoci et

N aﬁ‘:—
)

O\

. A. anatom is an indivisible sphere gCC #\?« ]/L'MJ’\ (ﬁ/ €?+

B. electrons exist in probability clouds

n
C. an atom is mostly made up of empty space )ﬂCS}} LB 3 / g\/

an atom contains negatively charged particles

30.  The analysis of the observations from the Rutherford alpha particle scattering experiment
lead to a model of the atom in which the __i _ is on the order of 107 m in diameter,
O the __ii __ is on the order of 107 m in diameter, and the majority of the tii  of
> the atom is in the nucleus.

The statement above is completed by the information in row

Row i ii i
A. atom nucleus charge
B. nucleus atom charge

@ atom nucleus mass
D nucleus atom mass

(ﬁﬁyﬁvﬁ 6"\/9““ JioHeniry ep"f‘?"d’ :

59
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Use the following information to answer the next question.

Energy Levels for Mercury Atoms (eV)
n -

OeV
b ';e\;]\
~16eV o= n>Y

~37eV /1”3
-55eV ,’] > 17
~104 eV Nn=li

31. Uanelectronisinthe —1.6 eV energy level, the minimum frequency of
a photon that would ionize the atom is

.39><1014Hz DU Ean.a,e' EL{

2.1 x 101 Hz

C. 24x10% Hz rE = O "“(’” l\b&/)
D. 13x10*Hz ﬂ
DL,’ - /,é 6\/ /Cﬁv!‘rf

F= ht

| 6ev ﬁ
T L it
Yo wto €74

3.8b%1" Ho= £




st pepedy |
O = L

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

S i¢
A. Bohr’s explanation of line spectra (r\/ﬂ-r/?l oS
B. Compton’s explanation of the Compton effect A;‘Fﬁad‘"ﬁ"\ .
C. Einstein’s explanation of the photoelectric effect 570 -

De Broglie’s explanation of wave nature of matter

Use the following information to answer the next two questions.

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

33, Which of the following equations describes the decay of cobalt-60?
A ©Co - BNi+ Bay+v [emontn .

fea~t | charce
a5 o et o e

C. $9Co— Fe+ 38 +y+v

D. $9Co - PFe+ Jp+y+V

Numerical Response

-
The percentage of cobalt-60 remaining after 15.6 years is [2.3 %.

(Record your three-digit answer in the numerical-response section on the answer sheet.)
N
N =W, S

AN T
( N € %
N 7 = 56
Mo 7
_ 3 S

: ~ _
o ' L S Te g 3

O T T




O Use the following information to answer the next six questions.

One Solar Nuclear Fusion Reaction Equation
%H + ?H - gHe + 5n + Energy

Representation of Nuclei Involved in This Fusion Reaction

Deuterium Q

Trittum

\ / Legend
[ntermediate

N & ~euvon
product o,o

/ ; \ @ Proton
Alpha @ 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
Q 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, neutrons escape
magnetic confinement. These neutrons are captured by a shield called a
lithium blanket.

34. 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 less than the mass of the intermediate

product rotd &c -ﬁ(,‘f' — [O/w.w"foﬂ o E-’K/L‘j\/ |
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Numerical Response

At a particular instant, the electrostatic force that the deuterium ion exerts

35.

By T .

on the tritium ion is 23.3 N. The distance between the centres of the two ions, exprcssed
in scientific notation, is x 107" 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.

+ Represents a magnetic field directed out of the page

The direction of the magnetic deflecting force that acts on the positively charged

deuterium ion as it just enters the magnetic field is
A b hed K

A, into the page (3‘(//3/—_
B.

out of the page
C. toward the top of the page

@ toward the bottom of the page ,(; /‘y‘” ¢ ( ot .,’F {0432_)

theb  —2
(F&[m - '}bww\J 190'}71“”‘
g pest
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U/\\ /V\Oum) d’.\o‘j)d 2
. / a ﬁg‘ﬁff’u‘f d b L(
Kﬂj 36. The neutron produced in the fusion reaction escapes the magnetic confinement because

@ neutral particles are not deflected by magnetic fields
B. 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

¥7.  As a particular neutron travelling at 5.21 x 1 0° m/s hits the lithium blanket and stops,
it experiences an impulse of __i __, and the neutron-lithium collision is classified
as __ i

The statement above is completed by the information in row [ F Jj e =D F

Row i ii EARAYS
A. [-8.70x 1072 N's elastic = g - .
—21 7. . N
4B 3-8.70x 10 4N $ inelastic \ )y o WS((S“ o- ()21)“0)
B C. |-227x10717 elastic /)‘3 te ~ _
D. |-2.27x107*] inelastic Bie nd . - %
\\) corveretd - 8! T0AP M'J

38. Which of the following equations most likely describes a neutron—lithium collision?
In+7Li - 3Li
B.  n+3Li—3Li
C. %n+1Li—7Be

1 41 - 5
D. 1n+3L1 —-)4Be
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39. To study sub-nuclear structure, high-energy particle accelerators are required because

A. plasma exists at high energy /\u{’({“ 5.
B. antimatter exists at high energy
C._ of the strength of the electrostatic force
. jof the strength of the strong nuclear force é// . e_@
f-';g el (\"L"‘\-FM ‘

40. Which of the following decay equations describes beta positive decay?
T {go; deam (potFue Ejfd}l"df\

~ Otiodn

[N )

A. udd >mud+e +V

B. udd suwd+e™ +V

F/o’} on — ne\z’h’*"’\

C. vud—>udd+e +v

@und—wdd-i-e*+v i = 'n _}« !g ‘]L Vv
o

o Y o P vee o
> e
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