1. Do astronauts on the International Space Station experience zero gravity? Explain the

difference between weightlessness and apparent weightlessness
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2. Craig Lowndes, a V8 Supercar driver accelerates at 35 m/s” off the start line. How many g

forces does he experience?
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3. At the market, a butcher tells you a certain steaks weight is lkg. Explain why this is not

technically correct.
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4. Define the terms Uniform Circular Motion and Centripetal Force.

The moton of an chjed! moving in a carcle

te lwo\vfﬂﬁ
: QQOL De%?‘
with constont SP . COV\‘\‘WWLQ“LJ

Uniform Circvlar Motion =

ok
Constont Speedh L el e Qeen
ég" acceleroting @ 11 valocity (spee
! \ . e AL
b i O\\pedr(on) 15 a\uou\js C]r\anﬂlf\g-
e o CQV\-\foPQT\'O"\

e
oleyorion 13 P(‘O\)LMO‘ Y |
o ants Jowordks the centhe

e whith always ¢ = o
iO(SCJr:: Qe ,(a’\rj Qe o The objects valoety)

A force curected ot r‘\‘ﬂH (ang\e,s 4o o
pactictes veloctty . H can be provided by

a rnge of mechamsms nclocng  gravity,
+ension on a S‘*“hj ; !Y)aﬁre:\-iSM ,eye. The

maﬁv{\\vd& of e {force
mv?:
‘E;nk(uw = C




5. By equating Newton's Law of Gravitation with the expression for Centripetal Force, derive
the formula for the time that a satellite takes to orbit a body in terms of M, the mass of the
large body, and r, the distance between the satellite and the body.
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6. In 1971, Apollo 15 astronaut David Scott dropped a feather and a hammer from the same
height whilst on the moon. Both hit the ground at the same time. With reference to Newton's
Law of Universal Gravitation, identify why both objects accelerate at the same rate?
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7. Does both the hammer and the feather experience the same force?
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8. An alien zooms by on a spaceship at half the speed of light. As he passes, he turns on a
spotlight and shines it directly in front of him. At what speed do you see the light moving? At

what speed does the alien see the torch light move away from him?
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9. State Lenz's law.
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10. A magnetic field of strength B is passing through a circular loop as shown below. With
reference to Faraday's Law and Lenz's law, explain what will happen to the wire if the

magnetic field strength is slowly decreased?
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11. With reference to the set-up in question 10, why is Lenz's law really just a consequence of
the law of conservation of energy?
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12. A loop of wire with area A sits in the presence of a magnetic field of magnitude B. The
loop can rotate with constant angular speed ® as shown in the diagram below.
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After a time t, the loop makes an angle 0 with the vertical. What is the magnetic flux that
passes when the loop is vertical (8 = 0)?
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13. What is the magnetic flux that passes through the loop at time t?
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14. What is the emf (voltage) induced in the loop at time t? Graph the emf in the loop as a

function of time. This question involves differentiation!
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15. Is the induced current in the loop AC or DC?
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16. Is this an example of a motor or a generator?
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17. Define in your own words what the Electric Field is. Draw the electric field emerging

from:
(i) a proton
(i1) an electron

(iii) two charged parallel plates of opposite charge.

The electric field 's a vector feld that Hells you the force Hhat +1C charge
would fect (F=qF ).
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18. Explain how a transformer works.
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19. Why is atransformer useful in terms of power transmission?

The electricity we use in our homes and for industry is usually produced at plants long
distances away from where we use it. To get it to our homes, we use transmission lines
which electrically connect the power plant to where it is used to do work in our homes and
workplaces. Power is defined as the rate at which energy is released, where

P=1V

If the current in a wire increases, voltage must decrease in order to keep the power constant
and conserve energy. A step-up transformer increases the voltage from one wire to the next
but it keeps power constant in order to conserve energy. Thus a step up transformer also
decreases the current in a electrical system. This is useful in power transmission because
once we substitute Ohm's Law V = IR into the formula above we get:

P =1I°R

We see that power loss scales with the current squared. So if we can decrease current at all,
then we will drastically be able to reduce power loss. If we use a step up transformer to
increase the voltage, and decrease the current near the energy power plant, then that will
dramatically reduce losses in power transmission. Before electricity makes it to the home or
workplace, a step down transformer converts the high voltage back to 240V for use in a
domestic environment.

This is how transformers are used in power transmission - to reduce power losses.

20. Two power lines on a street are 1km long, 80cm apart and carry DC electricity each with
acurrent of 3A. What is the force that one wire exerts on the other? The power is flowing in
the same direction.
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The force is attractive since the electricity is flowing in the same direction. If the two wires
had electricity flowing in the opposite direction, the force would be repulsive



21. Define the motor effect.
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22. A wire carrying a 2A current sits in a magnetic field of strength 0.2 mT as shown below.
What force does the wire experience and in what direction?
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23. A magnet is dropped into a loop of wire and falls out the bottom. Using diagrams to aid
your curve, sketch the graph of the induced emf in the loop as a function of time. Explain
your graph with reference to both Faraday's Law and Lenz's Law.

\ @ The [00‘0 b@g{ns o ei(u{eme a0 increose 1y Flu
-.e:z-i'é’b:&}w Comm3 ﬂ\vu,wjl\ from e -}0‘0 Fa(dolg{\jg Law Sews
% this will moluce an emt in The wive- henz Lows

Soiys The tholvced Current will act To dewrea¥

%
V&S
\E“:"‘*”f??‘
| ARy . e
| m W\C(QV\QHC ‘{»ie]d Ud'\ﬂ,(j o{ow,\w@m} so !
‘ ( Orienfatecl as Shown

& _,io.
Indermedlicde cone 2 fluy s kind of constent (&m)

s

@As the maqwﬁ roceokes, less

emf anol ess fluy passes How:ward@
il ‘H ‘H\roug\/\ He wire . The noluced
\ N St <
defing B Qield will ad o 1hcreas
VQ&SO«O“' o time The e dowon ﬂnu)ﬁ\'\ the
Joe Setwe e wire (leny lows)
(dodkzmme when : : : : 2
Uiegoedh Prom 24. Justify why the force that a charged particle experiences in a magnetic field qualifies as a
dbove °) centripetal force.
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25. Derive an expression for the radius of the circle that the charge particle will travel on.
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26. Show that the amount of time it takes for the charge to complete one full revolution is
independent of how fast it is moving.
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27. Will the see-saw below rotate clockwise, anticlockwise or not at all? Validate your
answer with calculations involving torque.
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28. A see-saw below is pulled as shown below. Will the see-saw rotate clockwise,
anticlockwise or not at all? Validate your answer with calculations involving torque.
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29. Iron filling sit on a flat piece of cardboard. The horizontal cardboard has a wire punched
through it which runs vertically (at right angles to the cardboard). What will the iron fillings
do when electric current runs through the wire?

Direction of T g l !
: el electron tron filings
o lron {-‘lhmﬁ fow ol
lirg vp to vt
T¢ g red e
el ,uﬁ) Cardboard—/
Leld lines.

¢ Michoel Fowctdctj dud This -

¢ I oocwrs Because ol moving c'\«arfjés Crecite  a

moagretic Lield on a ploune perpenclicyar lo their
velocity

30. Explain why we denote gravitational potential energy as negative.

D As we move the olojed of mass ™M abowe
The Eads Sorfoce, t will gain more and
More PO’R’/Whal Q)N))fﬂj 8o GPE ingreases with distance .

(:59 carye 1§ aeiuob];- mcwaslrg w s o&\s—\eu\ou)

D> Howeuor, os we wove the object fo infinty ,or a
wry long dlistance  cuwio, the forte of attrachon

Eavh,
pes b zere (F-U) co whan Rred, OPESD
/
[ negaHne G\PE/P
The graph of GPE = - CIM. Sovhifies
CorRECT
groph of o -+ Q’%’” Ao sohs iy o / %‘
conaifion O - G)/’/
=+ Q—Z—‘M /’/ 7 2 GMM
// GPE = 73
reorRECT /
GReow ]/



31. In the absence of air resistance, a projectile has:
A) constant horizontal acceleration and constant vertical velocity
constant horizontal velocity and constant vertical acceleration
C) constant horizontal displacement and constant vertical acceleration

D) constant horizontal velocity and constant vertical displacement.
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32. A tennis ball is launched from sea level at 100m/s at an angle of elevation of 20°.
Ignoring air resistance, it will be at a height of 50 metres above sea level at two different
points in time. What are these two points in time?
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33. How far horizontally will it have travelled when the ball reaches its maximum height.
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34. A hunter is pointing his gun at a monkey in a tree as shown in the diagram below. The
gun is pointed at an angle of 30° above horizontal and fires a bullet a 50 m/s. The base of the
tree is 200 metres away from the hunter. In order to avoid being shot, the monkey lets go of
his branch the moment the gun is fired. How long will it take for the bullet to travel 200
metres horizontally?
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35. How high will the monkey be after that amount of time has passed?
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36. How high above the ground will the bullet be after that amount of time?
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37. Is the monkey doomed whether he lets go or not?
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38. In the diagram below, in what direction will the electron experience a force?

Use 4 left hano rale doc

Gedy o e Pages
i ('\C\'\r\‘\’ \I"\C)(Y\d
y

w d\mcjes ( iro“i ®© chowrge

39, What is the magnitude of this force given it's moving at 10 m/s in a 2T field?
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40. In the diagram below, in what direction will the electron experience a force?
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41. Charged particles ejected from the sun get funnelled towards the Earth's north and south
pole. Account for why these particles spiral around the Earth's magnetic field lines, as shown

below.
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42. Why does the weight of an astronaut change as she moves from the Earth's surface and
into outer space?
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43, Graph her weight as a function of distance away from the Earth's surface and give a
mathematical relation to support your graph.
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44. A human can extract 2300 kJ of energy from a Big Mac. How many red photons (of
wavelength 700nm) are needed to have more energy than a Big Mac?
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45. How much more energy does a blue photon (wavelength 470nm) have than a red photon?
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46. Which charge is positive and which charge is negative?
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47. Which arms of the aperture below experience a force and in what direction?
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48. If all sides of the above square aperture are 15cm long, the magnetic field is 0.5mT and a
4A current runs through the aperture, what is the output torque of the motor?
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49. Outline the difference between electfon current and conventional current.
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50. Assuming the rocket provides constant thrust during take-off. explain why astronauts will
experience increasing g-forces as they ascend into outer space.
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