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The wavelength of the waves is of similar size as the barrier, so 

significant diffraction around the barrier will occur and the boat will be 

buffeted by the diffracted waves.

T T

W
2Tsin10 = mg

T= (65)9.8)/2sin10

= 1830 N

o

o
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R B V

D = HO x V

   = 160 x 12 000 000

   = 1.92 x 10 km/s9

Hubble's Law states that the velocity of a star is proportional to it's 

distance from us. If distant stars are moving faster than closer stars, 

then the Universe must be expanding.
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E =V/d

   =60/0.1

   =600 V/m

KE of electron =100 eV = 1.6 x 10  J

= 1/2(9.11 x 10   )v

v = 5.9 x 10  m/s

-17

-31
2

6

The force applied by the hand acts close to the pivot, producing a 

certain amount of torque. This torque produces a force at the load 

which is smaller, as the load is further from the pivot.
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The scientists needed to observe/measure the orbital radius R and orbital period T 

of Pluto's moon. With these values they could calculate the mass M of Pluto, as 

Kepler's third states:
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Both interpretations are equally correct. No reference frame is favoured over 

any other in determining the sequence of events.

From Sophie's point of view, the front strike was first, then the back strike, which 

explains why Eloise (travelling to the left) sees them as simultaneous. i.e Sophie infers 

that Eloise was travelling to the left to meet the light from later strike, thus seeing it at 

the same time as the earlier strike.
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The white car reaches the bottom first. The magnet in the grey car induces eddy 

currents in the aluminium ramp (Faraday's law), which produces magnetic fields 

opposing the motion of the magnet (Lenz's Law), hence applying a retarding force 

to the grey car.
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4 mm

0.3 s

3.33 Hz

2.4 cm

0.08 m/s  (8 cm/s)
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Low flux density

High flux density
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The electrons fall to lower energy levels, 

releasing photons of light as they do so.

KE = Vq = 240 x 1.6 x 10   J

     = 3.84 x 10   J 

so maximum frequency of light:  f = E/h

   = 3.84 x 10 /6.63 x 10

   = 5.79 x 10   Hz

-19

-17

-34-17

16

As the max freq photons are 

in the uv region, lower 

energy visible photons are 

certainly possible.
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Spectrum B

Spectrum A has its emission lines shifted toward the short wavelength end of the spectrum 

(blue shift). As the source of the light is approaching us, the waves are bunched up and 

therefore the wavelength shortened. The opposite is true for the light emiited from the 

receding edge of the Sun, so spectrum B is produced.

An   occurs when light passes through a cold, dilute gas and atoms in 

the gas absorb characteristic frequencies; since the re-emitted light is unlikely to be emitted 

in the same direction as the absorbed photon, this gives rise to dark lines (absence of light) 

in the spectrum.
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w w

F (magnetic)

As the rod gains speed, it is cutting flux and induces an emf across CD (Faraday's Law). As it is 

a closed circuit, a current flows. The current flowing has a magnetic field that opposes the 

external field (Lenz's Law), thus applying a force that opposes the motion. This force increases 

with the velocity of the loaded rod until eventually it is equal in magnitude to the mass of the rod 

and there is no net force and the velocity becomes constant.
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BIL = mg

I = mg/BL

V = IR

mgR/BL = BvL

v = mgR/B L2 2

eg:

The generator is not "cyclcical". i.e. the loaded rod would need to be 

raised again
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t = 7.14 s

Relative velocity is 40 m/s

Therefore distance = 40 x 7.14

    = 286 m

(2 marks)
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Needs to cover 191 m. At a relative speed 

of 40 m/s, this will take him:

t = s/v

  = 191/40

  = 4.78 s

6 marks

v(H) = 40 m/s

v(V) = 70 m/s

v(V)  = u + at

        = 0 + 9.8 x 7.14

=70.0 m/s

70

40

R
R = 80.6 m/s
tan  = 70/40 

 =60
therefore v is 80.6 m/s 60  below the horizontal.

o

o

The helicopter would be directly above the car as the stuntman and the 

helicopter have the same horizontal velocities. 
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I = P/V
  = 4200/240

  = 17.5 A

I = P/V
  = 4200/48

  = 87.5 A

0.3
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P(lost) = I R
  = 17.5 x 0.3

  = 92 W

2

2

P(lost) = I R
  = 87.5 x 0.3

  = 2300 W

2

2

Configuration A has % loss of (92/4200) x 100 = 2.2%

Configuration B has a % loss of (2300/4200) x 100 = 54.7%

Therefore configuration A is the best to use.
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Sound waves from the speaker travel towards the metal sheet and then get reflected 

back towards the speaker. The original waves and reflected waves interfere to 

produce a standing wave with nodes (quiet spots) and antinodes (loud spots).

Internodal distance = 

0.29 m
f = v/  = 346/0.29 = 1190 Hz

Doubling frequency will halve wavelength, therefore halving internodal 
distance.

14.5/2 = 7.25 cm

(3 marks)

Near the metal plate the reflected waves will be of similar amplitude to the original waves, 

so the nodes will have very small amplitude and hence be quieter.
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F = ma = 365 x 2.6 = 949 N

F = BIl

so: B = F/Il

        = 949/825 x 23.5

= 4.89 x 10  T

-2

As the glider accelerates forwards, it cuts magnetic flux and generates an emf across its wings.

The induced emf opposes the DC voltage supplied (back emf resulting from Lenz's Law). Hence 

the net voltage in the circuit decreases and so does the current flowing.
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T

W(light)

W(pole)Reaction from pivot

Take moments about A:

CW = ACW

(15)(9.8)(3.75)sin53 + (25.5)(9.8)(7.5)sin53 = T(3.80)

T = 510 N

R(v)  = (15)(9.8) + (25.5)(9.8)

= 397 N

R(h) = 510N

tan    = 397/510

= 38
Therefore reaction force is 646 N at an ange of 38  above the horizontal

510 N

397 N
646 N
(from Pythag)

o

o

o
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M= (0.17) mass of Sun

R = 0.06 x Earth-Sun distance

Distant stars are used as a background to 

measure the angle subtended from a star to the 

line representing the diameter of the Earth's 

orbit around the Sun (2 AU). This gives a simple 

triangle where, tan(p) = 1 AU/d, where d is the 

distance to the star in question. If the angle is 

small tan(p) = p. So d(in AU) = 1AU/p
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d = 1/0.549 parsec

   = 1.82 parsec (5.94 ly)
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The graph is curved so it can not represent a linear equation.

2.35

s
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At v=35, D/v is 3.35, so D = 3.35 x 35 = 117 m

0.6 s

(3.35-1)/35-5 = 7.83 x 10   s /m
-2 2

0.6v + 0.0783v
2

2.74s +/- 0.062 s

Taking averages will reduce random errror in measurement and hence reduce 

the uncertainties in data points.
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A combination of dark matter (~25%) and dark energy (~70%) 

He observed that in the Coma cluster of galaxies, the velocities of the 

galaxies were not as expected. He proposed that there must be other matter 

exerting gravity on the galaxies in the cluster.

She observed that outer stars in a galaxy had similar velocities to those 

close to the centre. This was counter-intuitive as in any normal orbit 

system, outer satellites have greater periods and correspodingly slower 

velocities (eg: Pluto's velocity is much less than ours). She concluded that 

there must be other matter exerting gravitational effects in a galaxy.

Dark matter must have immense mass to exert the observed effect on 

stars in galaxies. Dark matter particles must therefore have large 

masses too. Perhaps 1000 times the mass of a proton.
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Presumably he theorised that all parts of the Universe would be pulled 

toward the Universe's centre of mass.

There is evidence that the Universe is expanding (eg: Doppler observations). If 

the "Big Bang" is over, there must be something else causing it to expand. This 

"something else" has ben loosely called "Dark Energy".

r= 2.46 x 10  m
20

T= 7.10 x 10   s
15

= 5.56 x 10   kg  (about 28 billion solar masses)40
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