Name;
Advanced Higher
TMA 011 Answers

1) The equation for the relativistic mass of a neutron when travelling at speed v is given by the equation:
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a) Calculate the relativistic mass of the neutron  when it is travelling at 2.8 x 108 ms-1.

[image: image1]
b) Calculate the relativistic energy of the neutron.

E = mc2
E = 4.66x10-27 x (3x108)2
E = 4.197 x 10-10 J

2) Electrons can behave like waves or particles depending upon the situation.

a) Give one example of each.

Waves :  electron microscope
Particles:  cathode ray tube

b) Calculate the wavelength of an electron when it is travelling at 2.1 x 108 ms-1.

de Broglie wavelength:
[image: image4.png]



c) What is the condition for these electrons being able to be used to examine a crystal structure with atom separated by 3.0 x 10 –10 m  ?

The wavelength of the electrons is of the SAME ORDER as the spacing between the atoms.
3) Simple harmonic motion can be described by the following:
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a) What does " ? " stand for ?


acceleration
b) Starting with    y = A. sin t    derive     ? = - 2.y 


y = A. sin 

v = A.cos t


a = - A2.sint
but y = A. sin t    
so
a = -2.y
c) An equation of motion  for  SHM might be:   y = 0.5 sin 10t.

d) What is the maximum displacement of the SHM ?

A = 0.5 m

e) What is the frequency of the SHM ?

 = 2f. = 10.
f = 5 Hz

f) By sketching waveforms of sine and cosine waves, explain why the expression is given as: 
y = 0.5 sin 10t.  rather than       y = 0.5 cos 10t.
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g) Write down the equation for the moment of inertia of a flat disc.


I = ½MR2.
h) What factors is the moment of rotation of an object about an axis dependant upon ?

· mass of the object
· distribution of mass

· around axis of rotation

i) State the equation for angular momentum.

L = mv.r = I
j) State the law on conservation of angular momentum

Total angular momentum before equals the total angular momentum
in the absence of external torques.
k) Write the equation for the law on conservation of angular momentum

I11 = I22.
l) Describe how the apparatus shown below could be used to demonstrate the law of conservation of angular momentum
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· How is the experiment carried out ?

· How are the measurements made ?

· What results are obtained ?

· spin stool and time a number of rotations with a stop watch
· calculate initial angular velocity

· pull in arms and again time a number of rotations with stopwatch

· calculate final angular velocity

· final angular velocity is greater than the initial angular velocity as the Moment of Inertia has decreased, conserving angular momentum
4) A boy ( mass = 40 kg ) is standing on a roundabout as shown below at a distance of 0.7 m from the centre.
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a) Write down two equations for the centripedal force ( Fc ) that is keeping him on the turntable.
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b) Calculate the size how this centripedal force.


Fc = mr2

Fc = 40x0.7x0.42

Fc = 4.48 N

c) The roundabout has a moment of inertia of 300 kg m2.

Calculate the total moment of inertia of the boy and the roundabout.


IB = mr2
I Total = 300 + 19.6

IB = 40 x (0.7)2
I Total = 319.6 kg.m2.

IB = 19.6 kg.m2.

d) If the boy now moves away from the centre of the axis of rotation to a new radius of 1.1 m.

Calculate the final total moment of inertia of the boy and roundabout.


IB = mr2
I Total = 300 + 48.4

IB = 40 x (1.1)2
I Total – 348.4 kg.m2.

IB = 48.4 kg.m2.

e) Calculate the final angular velocity.


I11 = I22

319.6 x 0.4 = 348.4.2

2 = 0.367 rad.s-1.

f) Write the equation for gravitational field strength  ( hint:  weight for it ……….. ) and use it to define gravitational field strength.
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gravitational field strength is force per unit mass.
g) As the moon orbits the earth, it may be described as a satellite.  The moon is held in orbit by the centrifugal force from the Earth's gravity.

i) State the equation for centrifugal force.

[image: image13.png]



ii) State the equation for the Universal Inverse Square Law of Gravitation.
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h) Use the above equations to show that the period of a satellite is given by:
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i) The moon is  3.84 x 108 m  above the surface of the earth. Then distance r of a satellite from the centre of the earth is r = ( RE + h ).  
Calculate the period of the moon about the earth.
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Radius = 0.7 m





boy





ME : mass of the Earth.


R:  distance from centre of earth to satellite
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sin:  y starts at 0.





cos:  y starts at 0.5 (=A ).





= 0.4 rad.s-1
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