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Part I (1 hour maximum per section)

PHYSICS STUDIES / ELEMENTS OF PHYSICS PAPER EP1.1

· Candidates should attempt the sections on ALL modules for which they are registered.

· The time allocated is 60 minutes per section (up to two hours in total).

· In each section attempted, candidates should answer all parts of question 1 (10 marks), and   either  question 2 (20 marks)   or  question 3 (20 marks).

· Mark weighting is indicated by the numbers in square brackets following each part.

· Use a separate answer book for each section attempted.   Please write in INK.

LIST OF PHYSICAL CONSTANTS

acceleration due to gravity
g
9(814 m s2  (at Lancaster)

Avogadro’s number
NA
6(022 ( 1023 mol1 

Bohr magneton
(B
9(274 ( 1024 J T1 (or A m2)

Bohr radius
a0
5(292 ( 1011 m

Boltzmann’s constant
k
1(381 ( 1023 J K1
electronic charge
e
1(602 ( 1019 C

gas constant
R
8(315  J mol1 K1
gravitational constant
G
6(672 ( 1011 N m2 kg2
mass of an electron
me
9(109 ( 1031 kg

mass of a proton
mp
1(673 ( 1027 kg

permeability of space
(0
1(257 ( 106 H m1 = 4( ( 107 H m1
permittivity of space
(0
8(854 ( 1012 F m1
Planck’s constant
h
6(626 ( 1034 J s

        h / 2(
(
1(055 ( 1034 J s

pressure of a standard atmosphere

1(013 ( 105 Pa (or N m2 )

speed of light (in vacuum)
c
2(998 ( 108 m s1
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Section A:   Module 141/151  Mechanics I.

(Start a new answer book for this section and answer question A1 and either A2 or A3.)

A1
(a)
Give two examples in each case of (i) scalar quantities and (ii) vector quantities which are used in physics.
[2]

(b)
Describe how you would find the sum of two vectors.
[2]

(c)
Explain what is meant by the principle of the conservation of energy.
[2]

(d)
On a Blackpool roller-coaster, cars are released from rest 50 m above ground level and roll freely down the rest of the track.  What is the maximum speed at which they can travel during the run?
[2]

(e)
A racing car accelerates in a straight line from rest at the starting line at a constant rate of 5(0 m s2.  How far has it travelled when its speed has reached 40 m s1 ?
[2]
A2
State Newton’s Laws of Motion, specifying what is meant by any physical quantities you mention.
[5]

Explain why in principle all objects near the Earth should fall towards the surface with the same acceleration.  Why in practice does this not happen exactly as predicted?
[5]

If a lift (elevator) is totally enclosed, with no windows, how could a passenger measure the rate and direction of its acceleration?  (You may assume the availability of basic measuring equipment.)  Can the passenger measure the velocity of the lift?
[4]

An object of mass 50(0 kg is suspended at the end of a rope attached to the ceiling of a lift (elevator).  Calculate the tension in the rope if the lift is:



(a)
moving upwards at a constant speed of 5(00 m s1. 



(b)
accelerating upwards at 4(00 m s2. 



(c)
accelerating downwards at 9(81 m s2.
[6]
A3
Carefully defining any physical quantities which are involved, explain what is meant by the conservation of momentum.
[5]


In terms of momentum conservation, describe how a rocket motor works.
[5]


A boat with a mass of 1000 kg is moving East at a speed of 15(00 m s1, when it collides with and sticks to a ship of mass 2500 kg moving to the North at a speed of 6(00 m s1.  Calculate the initial speed and direction of movement of the combined wreckage.
[6]


Discuss if the crew of the larger or of the smaller vessel would experience a greater impulse during the collision, and find the ratio of the magnitudes of their accelerations.
[4]
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Section B:   Module 142/152  Mechanics II.


(Start a new answer book for this section and answer question B1 and either B2 or B3.)

B1
(a)
Give two expressions for centripetal acceleration (i) in terms of tangential speed and (ii) in terms of angular speed.
[2]

(b)
Derive an expression for the escape speed of a projectile launched from the earth’s surface.
[2]

(c)
What condition(s) in relation to applied forces, etc. must be satisfied for an object to remain in mechanical equilibrium? 
[2]
(d) If a uniform solid ball and a uniform solid cylinder of the same mass and radius were allowed to roll down the same inclined plane from the same point, which would reach the bottom in the shortest time?  Explain your answer. 

(You may assume they roll without slipping.)
[2]

(e)
Why does an iron ship float in the sea? 
[2]
B2
Define the terms angular speed, angular frequency, angular acceleration, and centripetal acceleration as applied to circular motion. 
[4]

A car moves at a constant speed v across a bridge made in the shape of a circular arc of radius r.  Find an expression for the normal force acting on the car when it is at the top of the arc.  If r = 30 m, at what minimum speed will the normal force become zero (causing occupants of the car to seem weightless)?
[6]

A skier starts at rest at the top of a large hemispherical hill of radius R.  Neglecting friction, show that the skier will leave the hill and become airborne at a vertical distance of h = R/3 below the top of the hill. 
[6]

Explain why centrifugal force is a fictitious concept and use the operation of a spin dryer to illustrate your answer.
[4]
B3
State the Archimedes principle.
[4]

Calculate what percentage of the volume of an iceberg will be submerged below sea level, assuming that the density of the sea water is 1030 kg m3 and the density of ice is 917 kg m3.
[4]

Write down the continuity equation and Bernoulli’s equation for an ideal fluid, carefully defining the physical quantities involved. 
[6]

Water at a pressure of 3(00 ( 105 Pa flows into a horizontal pipe at a speed of 0(50 m s1. If the pipe narrows to one fourth of its original diameter, find (i) the flow speed in the narrow section and (ii) the pressure in the narrow section.
[6]
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