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PHYSICS

2005

Trial Examination 2

Electric power

Interactions of light and matter

Sound

AREA OF STUDY 1 – Electric power

At certain location on the earth’s surface the magnetic field is horizontal and has a magnitude of 
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A horizontal overhead power line carries a 500A current to the east at a particular time.

Question 1    Which of the following is the direction of the magnetic force on the power line at that moment?

A.    Vertically upward       B.    Vertically downward       C.    NW       D.    SE         E.    North       F.    South


                                                                                                                                                                       2 marks

Question 2    What is the magnitude of the magnetic force per metre of the power line at that moment?


                                                                                                                                                                       2 marks

A small bar magnet falls inside a long vertical metal tube that is evacuated to ensure zero air resistance.
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Question 3    Which of the following is the direction of the induced current at point P when the magnet falls towards P?

A.    Up      B.    Down      C.    Out of the page      D.    Into the page      E.    Anti-clockwise      F.    Clockwise


                                                                                                                                                                       2 marks

Question 4    Which of the following is the correct description of the motion of the bar magnet?

A. It slows to a stop.

B. It eventually falls at constant speed.

C. It falls at constant speed from the beginning of the fall.

D. It falls at constant acceleration of 10 ms-2.

E. It falls at a constant acceleration less than 10 ms-2.


                                                                                                                                                                       2 marks

Question 5    Explain your answer to questions 4.                                                                                        2 marks

A simple DC motor is used to generate electricity by turning it mechanically at contant speed of rotation with a frequency of 5 revolutions per second. It has a single coil of 50 turns of insulated wire mounted on an armature. The coil is in a uniform magnetic field of 1.0T. The area enclosed by the coil is 20cm2. The following diagram shows only the coil and the magnetic field. 




                                                                                                                                   Uniform B = 1.0 T


                                                                                                                                   Enclosed area = 20 cm2

Question 6    What is the maximum magnetic flux through the coil?


                                                                                                                                                                        1 mark

Question 7    What is the magnitude of the average emf induced when the coil is rotated by 90o?

                                                                                                                                                                       3 marks

Question 8    The following graph shows the induced emf when the armature is rotated at 5 revolutions per second. At t = 0 the magnetic flux is maximum. On the same set of axes draw a graph showing the induced emf when the armature is rotated at 10 revolutions per second in the opposite direction.

                                      emf
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                                                                                                                                                                       3 marks

Question 9    The following graph shows the induced emf when the armature is rotated at 5 revolutions per second. At t = 0 the magnetic flux is maximum. On the same set of axes draw a graph showing the induced emf when the split-ring commutator of the DC motor is replaced by slip rings.
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                                                                                                                                                                       2 marks

The instantaneous power of a heater of 40( resistance connected to a sinusoidal AC voltage supply is shown in the following graph.

                            P (kw)
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Question 10    Determine the frequency, peak-to-peak voltage and rms voltage of the supply.

                                                                                                                                                    1 + 2 + 1 = 4 marks

Question 11    What is the voltage of a constant DC supply that provides the same power to the heater as the AC voltage supply?


                                                                                                                                                                       2 marks

Consider the following set-up as an ideal transformer with two outputs. The number of turns for each coil is shown above the coil. Coil 1 is the primary and the other two are secondary coils.

                              Coil 1  N1 = 300          Coil 2  N2 = 400     Coil 3  N3 = 500

                                                                                                                                                  Soft iron rod

                                                                                                                                                 

                                               V1                                 V2                         V3
Question 12    Coil 1 is connected to an AC voltage supply of Vrms = V1. What is the value of the ratio 
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                                                                                                                                                                       2 marks

Question 13    The AC voltage supply is now replaced by a varying DC supply. The variation of voltage in the DC supply is shown in the following graph. 

                                                V (volt)

                                       9.0


                                           0                                                          5.0                 t (second)

Which of the following statements is true for the first 5.0 seconds?

A. The voltages at both outputs of the transformer are zero.

B. The voltage at coil 2 decreases from 12 to 0 volts.

C. The voltage at coil 3 is constant and equal to 15 volts.

D. The voltages at both outputs of the transformer are constant and different.


                                                                                                                                                                       2 marks

Question 14    Explain your answer to question 13 above.                                                                           3 marks

A generator supplies electric power to two farm houses. The output of the generator is kept constant at 240 volts rms. Farm house A is 50m and farm house B is 100m from the generator. Total resistance of the transmission lines to farm house A is 2.0 (.

                                                                                                                                                            

                                                                          Generator                       2.0 (
                             B                                                                                                              A

The voltage at farm house A is 230 volts rms when some electrical appliances are switched on. 

Question 15    What is the total current through the switched on appliances?


                                                                                                                                                                       2 marks

Question 16    What is the power loss in the transmission lines to farm house A?

                                                                                                                                                                       2 marks

The following graph shows the load curve of farm house B from midnight to midnight the following day.

                                   P (kw)
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Question 17    Calculate the electrical energy consumed by farm house B in the 24-hour period.


                                                                                                                                                                       2 marks

Question 18    At what time is the voltage at farm house B the lowest?


                                                                                                                                                                       2 marks


AREA OF STUDY 2 – Interactions of light and matter

The following schematic drawing shows the set-up in Young’s double-slit experiment. A red filter is used initially. A bright fringe appears at location P.

    Filament


                                                                                                               P (

      Light

      source        

                                                                                                                            Interference pattern

                                Red     Single slit      double slits                        ‘screen’

                                filter

Question 1    Use the wave model to explain the formation of a bright fringe at location P.

                                                                                                                                                                       2 marks

Question 2    Describe and explain the effects of removing the single slit on the interference pattern.

                                                                                                                                                                       3 marks

Question 3    Describe the effects of replacing the red filter by a blue filter on the interference pattern. No need to say the pattern becomes blue.

                                                                                                                                                                       2 marks

Electrons are ejected when ultraviolet light falls on a clean bismuth (a reddish-white metal) surface. 


                                          UV light                                   (
                                                                        (       (
                                                                          (
                                                                                      (
                                           Bismuth                       (     (

Question 4    Which of the following is observed when the intensity of UV light is increased?

A. The same number of electrons are ejected per second at higher speed.

B. There are more electrons ejected per second and they are ejected at higher speed.

C. More electrons are ejected per second and the maximum speed is the same as that before the change.

D. No change is detected.

                                                                                                                                                                       2 marks

Question 5    When the UV light is replaced by visible light, no electrons are emitted from the bismuth surface. Use Einstein’s photon model to explain this observation.

                                                                                                                                                                       3 marks

Question 6    The minimum frequency at which the photoelectric effect is observed for bismuth is 8.2 ( 1014 s-1.

Find the work function of bismuth.


                                                                                                                                                                       2 marks

Louis de Broglie had a deep conviction about the symmetry in the nature of light and matter. The idea of matter wave was confirmed in 1927 when Davisson and Germer performed the electron diffraction experiment. They used the orderly array of atoms in a crystal as a type of diffraction device. The spacing of atoms in a crystal is on the order of 10-10 m. However the wave properties of ordinary objects go undetected.

Question 7    Calculate the de Broglie wavelength of a 0.10-kg ball moving with a speed of 15 ms-1.

                                                                                                                                                                       2 marks

Question 8    Explain why the wave properties of ordinary objects go undetected.

                                                                                                                                                                       3 marks

Question 9    Louis de Broglie proposed that an electron in orbit in a hydrogen atom is actually a standing wave. Which one of the following standing waves best represents an electron in the first excited state in a hydrogen atom?


A.                                                                                        B.                                                          

C.                                                         D.




                                                                                                                                                                       2 marks

The following diagram shows the four lowest energy levels of the Bohr model for the hydrogen atom.

                                     n = 4                                                                           – 0.85 eV

                                     n = 3                                                                           – 1.50 eV

                                     n = 2                                                                           – 3.40 eV

                                     n = 1                        Ground state                              – 13.6 eV


Question 10    Calculate the frequency of light emitted when a hydrogen atom makes a transition from the n = 4 to n = 2 energy level.


                                                                                                                                                                       2 marks

Question 11    If a hydrogen atom is in its third excited state, how many emitted photons of different frequencies are possible?


                                                                                                                                                                       2 marks

DETAILED STUDY 3 – Sound

A household burglar alarm was activated accidentally. Neighbour P measured a sound intensity level of 110 dB and neighbour Q measured a level of 98 dB. Assume zero reflection and diffraction in the following two questions.


                                                                                           P



                                                Alarm                         R                                                      Q


Question 1    Determine the value of the ratio 
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 are the sound intensities at P and Q respectively.


                                                                                                                                                                       2 marks

Question 2    Given 
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 is the sound intensity at neighbour R and 
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 are the distances of P and R respectively from the alarm.


                                                                                                                                                                       2 marks

Question 3    If reflection was taken into account, would the sound intensity level measured at Q be higher, the same or lower than 98 dB? Give an estimation of the level if applicable.

                                                                                                                                                                       3 marks

A science student connects a dynamic loudspeaker to a low voltage AC power pack in an Australian school. The loudspeaker sends sound waves directly towards a concrete wall 3.0 metres away. Take 340 ms-1 as the speed of sound.


                                                  Loudspeaker                                                        Wall


       AC

       power

       pack

               Variable resistor

               (to lower the voltage)                                     3.0 m

Question 4    Which one of the following is the number of soft (low dB) spot(s) between the loudspeaker and the wall? Explain and show calculations.

A.    0                           B.    1                           C.    2                             D.    3                               E.    4


                                                                                                                                                                       3 marks

Question 5    Draw a graph of air pressure variation (at a location next to the wall) versus time for 40 ms? The magnitude of the amplitude is not required. At t = 0, take the pressure variation (p = 0 at your chosen location.

                                    (p



                                        0                     10                    20                    30                    40          t (ms)


                                                                                                                                                                       3 marks

The following graph shows two equal loudness curves for average human hearing. The 60dB 1kHz sound is on curve 1 and the 80dB 1kHz sound is on curve 2. Three other sounds are marked as X, Y and Z in the graph.

                            L (dB)


                                                Curve 2                                                  

                                                                                                       X (
                                                   (Z                                                                                                         

                                    80                                                      ( Y         

                                    60

                                                                                                     Curve 1


                                                                                  1k                                                      f (Hz)

Question 6    Arrange the loudness of the three sounds X, Y and Z in ascending (increasing) order. Let LX, LY and LZ be the respective loudness.


                                                                                                                                                                       2 marks

Question 7    Estimate the loudness of sound Z.

                                                                                                                                                                       2 marks

Loudspeakers are usually enclosed with baffles and some systems have multiple loudspeakers in the same enclosure.

Question 8    Explain the functions of (a) baffles and  (b) multiple loudspeakers in the same enclosure.

                                                                                                                                                                       4 marks The two curves shown below are equal intensity level (90 dB) contours on a horizontal plane. They are plotted for sounds coming from a small loudspeaker enclosed by baffles. One curve is for 100Hz sound and the other curve for 2kHz sound.


                                                                                                                       Equal intensity level contours

                                                                                                                       on a horizontal plane 



Question 9    Write down the frequency next to each contour curve. Explain your choice and the general shape of the contours. 

                                                                                                                                                                       4 marks


END OF TRIAL EXAMINATION

Solutions available for download from www.itute.com in early October
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