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41.  On a sunny afternoon, you are outside playing with your dog. You throw a tennis
ball at an angle of 60.0° above the horizontal at an initial speed of 10.0 m/s and
from an initial height of 2.00 m. If the dog was standing beside you when you
threw the ball, how far would the dog have to run to catch the ball just as it hits
the ground? value: 7

v = 10.0 m/s @ 60.0°

vix = (10,0 m/s)cos 60.0° viz = 3.00 m/s value: 0.5
viy = (10.0 m/s)sin 60.0°

viy = 8.66 m/s value: 0.5
When the ball is rising:

vff‘ = v;,” + 2ad

d = (vry" — viy')/2a

d = ((0.0 m/s)* — (8.66 m/s)*)/(2)(-9.81 m/s°)

d=382m value: 2

Therefore, the ball reaches a maximum height of 5.82 m. value: 1
(3.82 m + 2.00 m)

Vi=v;+at

t=(vi—vi)la

t = (0.0 m/s — 8.66 m/s)/(-9.81 m/s%)

t = 0.883 s (to rise) value: 0.5
When the ball is falling:

d = vyt + Vaat’

Since vy is 0

=

= laat”
t* = 2d/a
£ = (2)(-5.82 m)/(-9.81 m/s?)
£=1.195
t=1.09 s (to fall) value: 1
Therefore, the total time is 1.09 5 + 0.883 s = 1.97 5 value: 0.5




For the horizontal range:

v=d/t
d= vt
d = (5.00 m/s)}(1.97 s)
d=9.85m
Therefore, the dog ran 9.85 m. value: 1

A much shorter solution using the quadratic formula and the displacement equation is
also possible. Score appropriately.




42. A space station is orbiting 250. km above the Earth’s surface.

A) Determine the orbital speed of the space station.

B) How many minutes does it take for each orbit?

value: 4
value: 2

A) r=R, +h=6.38x10°m+2.50x10°'m = 6.63x10° m

F,=F,
2 -
my~ _ Gmgm,

r y

.
"'_‘u' Ze
r

~ J(Ts.ﬁ?xm-“Nm“*rkg”-)(s.gsxm“kg_)
e 6.63x10° m

v =7760 m/s
The orbital speed of the space station is 7760 m/s.
B)

2ar
T

T:E.T.rr

V=

v
T - 27(6.63 x10°m)
T 7760 mis
T=5370s

T = 89.5 minutes

It would take 89.5 minutes to complete one orbit.

value: 1

value: 2

value: 1

value: 1

value: 1




43.  An atomic nucleus, initially at rest, decays radioactively into three pieces that then
travel in the same plane. Two of the pieces are shown below:

A electron
pe=72x%10" kgmis N

PR . neutring
: e Pp=29x 10" kgm/is E

Ll -
L

original nucleus

The remainder of the nucleus travels in an unknown direction. If the remainder of
the nucleus has a mass of 2.8 x 10 kg, what is its velocity? Your solution must
include a suitable vector diagram. value: 7

o= 2.9 % 107 kgm/s

Pe = 7.2 x 107! kg'm/s

Prommuinder

value: 2

(I:]'re:m-ﬂJ'I:u.‘lu:-;r)2 = {P'n}z + {Pe)z e
(Premainder)” = (2.9 % 107" kg'mis)* + (7.2 x 107" kg'm/s)?
Premainder = 7.8 X 107 kgm/s value: 2

Premainder = MremainderVremainder

Viemainder = Premaindes/TMremainder

Viemainder = (7.8 % 107 kgm/s)/(2.8 x 10° kg)

Vremainder = 2.8x 1{]4 m/s value: 1




tan 6 = pe/pa

tan B = (7.2 x 107" kgm/s)/(2.9 x 10% kgm/s)

tanB=2.5

0 =68 value: 1

Therefore, the velocity of the remainder of the nucleus is 2.8 x 10* m/s [W 68° 5].

value: 1

]

44. Four +45.0 uC charges are arranged in a square as shown below. Determine the net
force on charged particle C. Include in your answer a force vector diagram. value: 7

@( 0.125 m e
A\

N
0.125 m 0.125 m w E
S
é@u_us m
| 4

Foo=k3

r

< -5
Koo = (8.99%10° lefczj(d"mxm C}(4.5Elxlﬂ C)
(0.125m)"

F,. =1170N

value: 1
Fy. =F,. =1170N




'FBC =k ‘Iifc

(4.50x107° C)(4.50x107° C)

F,. =(8.99%10° Nm®/C? :
o =¢ 3 ) (0.177 m)*

Fye = 581N

Fye, = (581 N)cos45 =411N
Fyg, = Fae = 411N

F,=Fye + Fpe =411 N+ 1170 N = 1580 N
F,=Fyo +F,c =41IN+1170N=1580 N

|Fou| = JF2 + F} = /(1580 N)* + (1580 N)* = 2230N
F, 1580N

tanfl = —=
F, 1580N

H: 454’!

F,, =2230 N [W45°S]

The net force on particle C is 2230 N, in a direction [W45°S].

value: 1

value: 1

value: 1

value: 1

value: 2




45. A) On the diagram below, draw in appropriate lines that show the electric
field between the negatively-charged sphere and the positively-charged
plate. value: 2

&

F + + +

F + + +

B) Why can “g" have units of N/kg or m/s* ? value: 2

‘ g = F/m has units of N/kg

N/kg = kg m/s’/kg = m/s’

C) Find the gravitational field strength, “g”, acting on a satellite orbiting
Earth with an orbital radius of 42 000 km. value: 2

[ Fy= (_Trmme;"Iz

Fy/m = Gmy/r’

g= GIII,,"I‘E

g = (6.67 x 10" Nm*/kg?)(5.98 x 10™ kg)/(4.2 x 10" m)’
g=10.23 N/kg

Therefore, the gravitational field strength acting on the satellite 1s
0.23 N/kg.




46. The circuit of a simple DC electric motor is shown in the figure below. It consists of a
current-carrying coil of 50 turns as the armature. The coil is square with sides of 0.05 m.
The coil is in a uniform magnetic field of strength 0.005 T. A current of 3.0 A flows
through the coil in the direction shown in the diagram by the arrows.

\axis of rotation

'

=

A) When the coil is in the position shown in the diagram, indicate the direction of the
force on side P of the wire. value: 1

B) What happens to the direction of the force on side P when the direction of the current
is reversed? value: 1

C) Give 2 different ways that the armature could be made to spin faster. value: 2

A) The direction of the force is down.

B) The direction of the force will now be up. Full points should also be awarded if
students indicate that the direction is opposite to their answer in (A).

C) Possible answers include:

increase the current

increase the amount of wire in the field
increase the magnetic field strength
lubrication




47. A) When you walk through a doorway, you represent a particle having
momentum and, therefore, having a wavelength. Why is it improbable that you
will be “diffracted” as you pass through the doorway? value: 2

According to deBroglie’s wave behavior of matter, wavelength of a particle can be

h
calculated by: A = ;‘: . In order for a wave to be diffracted, the wavelength (%) must

be large compared to the opening through which it passes. The magnitude of the
momentum of a human being is so large that the deBroglie wavelength is extremely
small compared to the door width.

Sample Calculation: (not required for full value}

milikg L b _ 6626 x 10° Js
h=6.626 x 10 Js My gokgx1 —

5
v=1—= A=8x107° m

S
NOTE: The number of significant digits chosen is irrelevant as it is order of
magnitude that is important.

values: 1 point for knowing the wavelength is too small, 0.5 point for supporting
argument, 0.5 point for comparing wavelength to door opening

B) Some science fiction writers use a large sail to enable a space vehicle to move
through space. They argue that sunlight will exert a pressure on the sail, causing it to
move away from the sun. Explain which Quantum Theory experiment supports this
claim and how. value: 2

Compton’s experiment showing that photons have momentum supports this claim. As
the photons strike the sail, they lose momentum. According to the conservation
principle, the sail must gain the momentum lost by the photon.

10




C) According to the wave theory of

i : 1
light, increasing the light intensity ight source

shone on a photo-emissive surface

emitted electrons. Experiments with
the apparatus seen on the right showed

should increase the kinetic energy of @

that when the light intensity was ——y——
increased, the axgnmtter reaﬂin P o Faiter (allows oply
; g % <% one wavelength to

irrscregsed, however the maximum pass through)
kinetic energy of the emitted electrons

did not change. F i

L . |

Describe how Einstein explained this result. value: 4

Einstein’s theory of light was that the energy of light photons depended on the frequency
of the light source. Einstein’s photoelectric equation: £ kmax) = A — W sets the

maximum kinetic energy of the ejected electrons equal to the energy of the incident
photons minus the work function of the surface. Since increasing light intensity changes
the number of electrons ejected but does not change Af (and W is constant for the
surface), we would expect an increase in the ammeter reading but not Ex i

values: 1 point for indicating photon energy depends on light frequency, 1 point for
expressing the relationship of kinetic energy and work function, 1 point for
indicating that light intensity changes the number of photons emitted, 1 point for
indicating that increasing the intensity changes the number of photoelectrons
emitted, not their maximum kinetic energy.

11




49,

48.A) Write an alpha decay equation for ;;Ra . value: 2

B) Write a beta decay for *j; Po. value: 2
C) Complete the following decay equation: "5 Ir — 7+ ¥ value: 1
A) 2 Ra—";Rn+;He value: 2
B) 22 Po—2E At+ Se +v value: 2

(It is not necessary for students to include the antineutrino, V)

C) The missing symbol is ‘55 1r value: 1
CASE STUDY ANSWERS
A) Answers must include 3 of the following five and be written in complete
sentences
= Expensive to operate’
¢ Limited passenger capacity
« Dirty
e Noisy
e Stress on tires value: 1
B) These planes lack a tail rudder, are mostly wing, have the engines placed near
the rear. (Two of these three are enough for full value.) value: 1
2 g 2 ' AR 3
C) The velocity will increase by a factor of J; which is 1.15 times.  value: 2
D) The velocity because its effect relates to the square of its value. value: 2
E) Either plane could be supported. value: 4
Airbus
s Less infrastructure change necessary
s Fewer design problems
+ Windows
e Does not have BWB problems of cabin pressure, acrodynamics, and propulsion
BWB

More fuel efficient, better for environment

Gear placement away from fuel tanks therefore safer
Cheaper to run

Bigger passenger load

Less maintenance because of better structural integrity




