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Trial Examination 1

Motion in one and two dimensions

Electronics and photonics

Investigating materials and their use in structures

Area of study 1 − Motion in one and two dimensions
Jack, sitting at the back of a moving truck, throws a tennis ball vertically upwards. The truck has a constant velocity of  25 ms-1. Jill, standing on the ground, observes the motion of the ball. Air resistance is assumed to be negligible. Ignore the motion of the earth. g = 9.8 ms-2.


                                                                Ball

            Jill                         Jack


                                                                                                                                               Constant velocity    



Question 1   Which one of the following statements is correct?                                                                  2 marks

A    The ground is an inertial frame of reference but the truck is not.

B    The truck is an inertial frame of reference but the ground is not.

C    Both the truck and the ground are inertial frames of reference.

D    Both the truck and the ground are non-inertial frames of reference.


Question 2   Relative to Jack the velocity of the ball on its way up is best represented by which arrows shown below?                                                                                                                                                           2 marks


A                                  B                                 C                                D                                   E



Question 3   Relative to Jill the velocity of the ball on its way up is best represented by which arrows shown above?                                                                                                                                                           2 marks


Question 4   Relative to Jill the path of the ball on its way up is best represented by which arrows shown above?

                                                                                                                                                                      2 marks


Jack, with the tennis ball in his hand, passes Jill at t = 0.0s. He throws the ball at t = 1.0s and catches the ball at 

t = 1.6s. Let the x-axis points in the direction of motion of the truck and the y-axis be vertically upward. 

Question 5   Determine the coordinates (in metres) of the tennis ball relative to Jack’s frame of reference at 

t = 1.3s, assuming the ball is at the origin O at t = 0.0s.                                                                               3 marks


  x =                   y =


Question 6   Determine the coordinates (in metres) of the tennis ball relative to Jill’s frame of reference at 

t = 1.3s, assuming the two frames of reference coincide at t = 0.0s.                                                            2 marks


  x =                   y =


Question 7   Name two quantities related to the tennis ball that are considered as absolute in the Newtonian model of motion.                                                                                                                                           2 marks



A fork-lift truck lifts up a 500-kg load from the ground to a height of 0.35 m. It carries the load forwards from rest to a speed of 0.80 ms-1 and turns right along a circular path of 3.5-m radius at that speed. 



                                                                                           Radius = 3.5 m


                                                                       Load 500 kg


                                                                       Fork-lift truck

Question 8    Calculate the total amount of work done by the fork-lift truck on the load just before it makes the right turn.                                                                                                                                                       3 marks


Question 9    How much work is done by the fork-lift truck on the load in completing the right turn?      1 mark


Question 10  Explain your answer to question 9. Include all the forces exerted by the fork-lift on the load in your explanation.                                                                                                                                           3 marks


A 1500-kg van hit the rear of a 1000-kg moving car. The collision lasted 0.20s and reduced the van’s speed by 18 kmh-1. Brakes were not applied immediately before, during and immediately after the collision. The driver of the van had her seatbelt on and her motion was the same as the van’s motion (assumption). Take 55 kg as the effective mass of the van driver. Both vehicles moved along the same straight line.

Question 11  Determine the change in velocity of the car.                                                                          3 marks


Question 12  Determine the impulse exerted by the seatbelt on the van driver.                                          2 marks


Question 13  Calculate the average force exerted by the van driver on the seatbelt?                                  2 marks


Immediately after the collision the van and the car moved forwards at 42 kmh-1 and 48 kmh-1 respectively.

Question 14  Use calculations to show that the accident was an inelastic collision.                                   3 marks


The moon is in circular orbit around the earth.

Radius of the earth = 6.4 ( 106 m

Distance between the centres of the earth and the moon = 3.8 ( 108 m

Mass of the earth = 6.0 ( 1024 kg

Mass of the moon = 7.4 ( 1022 kg

G = 6.7 ( 10-11 N m2 kg-2

Question 15  Use the above information to show that the period of the moon in circular orbit around the earth is approximately 27 days.                                                                                                                                 3 marks

Question 16  A satellite is placed in circular orbit around the earth. The radius of its orbit is 
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 of the radius of the moon’s orbit. Determine the value of the ratio 
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 where v represents speed.                                 3 marks


Question 17  Which one or more of the following statements is/are correct?                                             2 marks

A. Both the moon and the satellite are in free fall.

B. The force of gravity due to the earth on the moon is greater than that on the satellite.

C. The acceleration of the moon is greater than the acceleration of the satellite.

D. The satellite would have the same period as the moon if it was placed in the same orbit as the moon.



Area of study 2 − Electronics and photonics

A photodiode is connected to a 300-k( resistor to form a light sensor. 

It is used to detect light signals that vary with time. It responds to light intensity variation about a thousand times quicker than a LDR does. When it is in photoconductive mode, the conducting current is directly proportional to light intensity. The following I-V graph shows the characteristics of the photodiode at different illuminating light intensities.

                                                          I ((A)


   –12                                            0                V (v)


   500 lux                                    –5


 1500 lux                                  –15                                                                              Photodiode circuit symbol 



 2500 lux                                  –25

                  Reverse bias                    Forward bias

Question 1    Which of the following circuits is the correct connection of the photodiode and the resistor R to form a light sensor?                                                                                                                                       2 marks

A.                                          B.                                           C.                                             D.

            +                                               +                                       +                             vo           +                          vo




                                     vo                                            vo                                   R                                           R

                      R                                              R

                                                                                                     0v                                          0v

           0v                                             0v

                                   

The photodiode is exposed to the following time-varying light signal.

                          Illumination (lux)

                   2050

                   2000

                   1950



                            0                          0.2     t ((s)

Question 2    Sketch a graph showing the photodiode current versus time when it is exposed to the time-varying light signal.                                                                                                                                                    3 marks

                     I ((A)

                       –19.0

                       –20.0

                       –21.0



                                 0                                       0.1                                       0.2                 t ((s)

Question 3    Explain why a LDR is not a suitable alternative to the photodiode as a sensor of the above time-varying light signal.                                                                                                                                       2 marks

Question 4    When the photodiode is connected in series with the 300-k( resistor and exposed to 2000 lux light, what is the voltage across the photodiode if the series is powered by 9-volt?                                    2 marks



The following circuit shows a correctly biased (centred) npn transistor as a single stage common emitter voltage amplifier. It is powered by 12v, and 
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, i.e. no input voltage signal. The npn transistor has a current gain of 50 and a voltage gain of  – 6.

                                                                       Vcc = 12v

                             R1                        Rc

                       22k(                        6k(
                                                  c

                                                                        output

                                       b                                   vo
                 input                                e

                    vi                                  
                             R2                        Re

                                                         1k(
                                                                       Ground 0v

Question 5    When there is no input voltage signal show that the potential at the emitter 
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                                                                                                                                                                       2 marks

Question 6    When there is no input voltage signal show that the potential at the base 
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Question 7    The following diagram shows the graph of 
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 for the voltage amplifier. 
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 is the centre of the linear section. Write down the values of a and b.                                                                    2 marks
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    a =                     b =

Question 8    Determine the resistance of the ohmic resistor 
[image: image14.wmf]2
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.                                                                2 marks


Question 9    Determine the maximum peak-to-peak input signal voltage allowed before clipping occurs.

                                                                                                                                                                       2 marks


This voltage amplifier is used to drive a loudspeaker. There must be no DC voltage component present in the voltage applied to the loudspeaker. This can be achieved by placing a coupling capacitor at the correct location.

                                                                                   A

                                                                                                                                              +12v


                                                                                                           Loudspeaker



                                               Voltage amplifier      B                                      C

         Input signal


                                                                                             D

                                                                                                                                                0v

Question 10    Draw (inside dotted circle) a coupling capacitor at the correct location, A, B, C or D on the diagram above.                                                                                                                                              2 marks


Optical fibres are used for long distance transmission of information. Analogue electrical signals in metal conductor can be changed to intensity modulated light signals to be sent through an optical fibre. At the other end of the optical fibre, the intensity modulated light signals are changed back to electrical signals.

Question 11  The appropriate photonic transducers for these applications are respectively,

A. Photodiode, phototransistor.

B. Phototransistor, photodiode.

C. Photodiode, laser diode.

D. Laser diode, photodiode.                                                                                                                       2 marks


Question 12  LEDs are opto-electronic converters. Describe the energy transformation in a LED in terms of electron movement and photons.                                                                                                                  2 marks


Area of study 3.2 − Investigating materials and their use in structures

A 1.6m ( 1.0m 7.5-kg picture (and frame) is supported by a cord on a frictionless nail of radius 1.5mm driven into a vertical wall. See diagram below for more information.

                                                                            Nail

                                                        Cord

                                                    30o                                           30o


                                                                                                                             Upper member of frame

                                                                          Picture


Question 1    Determine the tension in the cord.                                                                                          2 marks


Question 2    Determine the shear stress on the nail.                                                                                   3 marks


Question 3    State the type of stress and calculate its value on the upper member of the picture frame. The upper member of the frame has a uniform cross-sectional area of 4.5cm2.

                                                                                                                                                                       3 marks



A suspension bridge is to be built and a member of the structure is expected to be under tensile stress as high as 50 MPa. An engineer studies a material that has the following stress versus strain graph.


                       ( (MPa)



               50


                  0                          0.05                          0.10                                                         0.20            (
Question 4    From the above graph estimate the elastic limit.                                                                      1 mark


Question 5    From the above graph estimate Young’s modulus for the material.                                       2 marks


Question 6    Give two good reasons why this material is suitable or not suitable for making the particular member of the structure mentioned in the introduction. Use some numerical values to justify your answer.

                                                                                                                                                                       3 marks


A reinforced concrete beam is used to span a stream.




                                                                                   Water

Question 7    Which one of the following diagrams shows the correct placement of the reinforcing steel rods inside the concrete beam?                                                                                                                               1 mark

A. B.


C.                                                                                         D.

                                                                                                                                                                                     


Question 8    Explain your choice in question 7 in terms of cracks and their propagation, and hence the properties of concrete and steel when they are under stress.                                                                        3 marks

Question 9    If steel rods for reinforcement were not available, which one of the following concrete structures would be the strongest and most suitable to span the stream?                                                                       1 mark

A. B.



C.                                                                                        D.               





A tall rectangular parcel (of uniform density) is pushed with force F newtons at a point 1.4m above the floor. The mass of the parcel is 25kg and the friction between the floor and the parcel is at its maximum value of 52 newtons. The dimensions of the parcel are shown in the diagram below. 

                                                                                              0.70m                     


                                                                       0.70m

                                                                                                           2.0m






                                                                                                                                         Floor

Question 10  Assuming the parcel is at the point of toppling over draw arrows on the above diagram to represent the force of friction 
[image: image15.wmf]f
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 and the normal reaction of the floor 
[image: image16.wmf]n
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 on the parcel. Make sure each arrow points in the correct direction and the head of each arrow points at the correct location.                            2 marks

Question 11  Show with calculations that the parcel is not about to topple over.                                        3 marks

Question 12  Calculate the maximum height above the floor at which the person can push the parcel without causing it to topple over.                                                                                                                               2 marks

                                                              

                                              End of trial exam, solutions available early June 2005                             
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