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6. (continued)

(b) In an experiment to investigate the deflection of alpha particles in an electric
field a potential difference of 2-0kV is applied across two parallel metal plates.

An alpha particle moving horizontally at 1-6 X 10’ ms™!

enters the region
between the plates. The alpha particle is deflected vertically by a distance s, as

shown in Figure 6C.

| ov
alpha o——————————————______ J %o 8-0 mm
particle
150 mm _
+ .
2:0kv Not to scale
Figure 6C

An extract from the notes on the experiment is shown in Figure 6D.
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Figure 6D

(1) Calculate the vertical deflection s, of the alpha particle. 4

(11) The separation of the parallel plates is now increased. An alpha particle
enters the electric field at the same point and with the same velocity as
before. How does the magnitude of the vertical deflection s, compare
with the value calculated in part (b)(1)?

You must justify your answer. 2

(12)
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7. (a) A proton moving at constant speed v enters a uniform magnetic field of
induction B as shown in Figure 7A.

-
B ==
-
T v
® proton
Figure 7A

Within the field the proton follows a circular path of radius 7.

(1) Explain why the proton follows a circular path.

(11) Show that the radius of the path 7 is given by

1-05 x 10%%
= .

r =

(b) Another proton moving at the same speed v enters the magnetic field at an
angle 0 to the magnetic field lines as shown in Figure 7B.

-
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Figure 7B

Explain the shape of the path followed by this proton in the magnetic field.
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7. (continued)

(¢) 'The solar wind is a stream of charged particles, mainly protons and electrons,
released from the atmosphere of the Sun. Many of these particles become
trapped by the magnetic field of the Earth.

Some of the trapped particles move back and forth in helical paths between
two magnetic mirror points. 'T'he path followed by one particular proton is
shown in Figure 7C.

helical path of proton \

magnetic field line

Figure 7C

1

The speed of the proton remains constant at 1-2 X 10’ ms™ as it travels along

its helical path from one magnetic mirror point to the other.

(1) The proton oscillates between the two mirror points with a frequency of
4-0 Hz. Calculate the distance that the proton travels in moving from one
mirror point to the other. 3

(11) Explain why the radius of the helical path followed by the proton
increases as it moves from point X to point Y as shown in Figure 7C. 1

(i11) At point X the radius of curvature of the helix for this proton is
1-0 x 10" m. Calculate the strength of the Earth’s magnetic field at this
point. 2

(11)

[Turn over
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8. (a) A student investigates how the current in an inductor varies with the
frequency of a voltage supply.

(1) Draw a suitable labelled circuit diagram of the apparatus required to
carry out the investigation. 2

(11) The student collects the following data.

Frequency/Hz 40 60 80 100 120

Current/mA 148 101 76-0 58:2 50-0

Determine the relationship between the supply frequency and current for
this inductor. 2

(b) An inductor of inductance 3-0 H and negligible resistance is connected in a
circuit with a 12 Q resistor and supply voltage V as shown in Figure 8A.

120 _30H

to datalogger

Fod ;

Figure 8A

The datalogger is set to calculate the back emf across the inductor.
Switch S is initially open.

Switch S is now closed. Figure 8B shows how the back emf across the
inductor varies from the instant the switch is closed.
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8. (b) (continued)
time/s
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Figure 8B

(1) Determine the voltage across the resistor at ¢t =0-20s.
(i1) Calculate the rate of change of current in the circuit at £ =0-40s. 2

(111) State why the magnitude of the back emf is greatest at ¢t = 0.

(¢) The switch is opened and the 3-0 H inductor is replaced by an inductor of
greater inductance.

The sketch in Figure 8C represents the graph shown in Figure 8B.

1-4 time/s

207

back emf/V

Figure 8C

Copy this sketch and add a line to show how the back emf across the new
inductor varies with time from the instant the switch is closed.

(11)
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9. (a) A long straight conductor AB carries a current of 0-60 A from B to A as shown
in Figure 9A.

A

0-30m

---->@ P

0:60A A

B

Figure 9A

Calculate the magnitude of the magnetic induction at point P, a distance of
0-30 m from the conductor.

(b) A second conductor CD, carrying a current of 1:80 A, is placed parallel to AB
as shown in Figure 9B.

A C
0-30m
<--->@ P
0-:60A A 1-80A A
B D Not to scale
Figure 9B

At this separation the magnetic induction at point P is zero.
(1) Explain why the magnetic induction at point P is zero.

(11) Calculate the distance of conductor CD from conductor AB.
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10. A police officer is conducting vehicle speed checks using a radar based monitoring
device as shown in Figure 10. A car emitting sound of frequency 500 Hz drives
past the officer at constant velocity.

Figure 10

(a) (i) Describe how the frequency of the sound heard changes as the car passes
the officer. 1

(11) At one instant the frequency heard by the officer is 480 Hz.

Calculate the speed of the car at this instant. 2

(111) Describe the difference in the frequency heard by the officer if the car

had been:
(A) decelerating on its approach to the officer; 1
(B) accelerating away from the officer. 1

(b) 'The radar based speed monitoring equipment uses microwaves to determine
the speed v of a vehicle. The microwaves are transmitted towards the vehicle,
and the reflected waves are detected by the equipment.

The expression for the frequency change Af between the transmitted and
received frequencies is given as

20fr

e

The transmitted frequency, f;, of the microwaves is 10-5 GHz.

(1) Explain why this expression can be approximated by

af = 2 1

c

(1) The frequency change is 880 Hz for an approaching vehicle.
Calculate the speed of the vehicle. 2

®)
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11.

A student carries out a Young’s double slit experiment in order to determine the
wavelength of monochromatic red light.

The student uses the apparatus shown in Figure 11 to produce an interference
pattern on the screen.

/D//\

double slit

screen

red light

Figure 11

The double slit separation d is measured using a travelling microscope. The
distance D between the double slit and the screen is measured using a steel
measuring tape. 'The length L of the interference pattern is measured using a
plastic ruler.

T'he student records the following data.

D = (4250 = 0-005) m
L= (67 +2)mm
d=(0-25 + 0-01) mm

(a) (i) State why it is possible to produce an interference pattern using only a
single light source.
(i1) Calculate the wavelength of the light from the source.

(111) Calculate the absolute uncertainty in the wavelength.

(b) The student repeats the experiment with the same apparatus but uses a
monochromatic blue light source. D remains fixed.

State the effect this will have on the percentage uncertainty in the calculated
value for the wavelength of the blue light.

You must justify your answer.

[END OF QUESTION PAPER)]
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