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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

Time allowed: 1 hour 45 minutes

Instructions
! Use a blue or black ball-point pen.  Draw diagrams in pencil.  Use pencil only

for drawing. 
! Fill in the boxes at the top of this page. 
! Answer both questions in the spaces provided.  All working must be shown.
! Do all rough work in this book.  Cross through any work you do not want

marked.

Information
! The maximum mark for this paper is 30. 
! Mark allocations are shown in brackets. 
! The paper carries 15% of the total marks for Physics Advanced Subsidiary

and carries 7 1
2% of the total marks for Physics Advanced.

! A Data Sheet is provided on pages 3 and 4.  You may wish to detach this
perforated sheet at the start of the examination. 

! You are expected to use a calculator where appropriate. 
! You are advised to spend no more than 30 minutes on Question 1. 
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Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this question 
paper.

! This sheet may be useful for answering some of the questions in the 
examination.

! You may wish to detach this sheet before you begin work.
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Answer both questions.

You are advised to spend no more than 30 minutes on Question 1.

1 When a stream of water falls from a tap into a sink, the water spreads out in a relatively thin layer until
it reaches a particular distance from the stream where the water suddenly increases in depth.  The
phenomenon where this depth change occurs is called a hydraulic jump and separates two distinct
regions A and B, as shown below.

A student observes a stream of water falling vertically on to a smooth plate placed in a sink and notices
that the rate at which water falls on to the plate affects the diameter of region A.

Design an experiment to determine whether any quantitative link exists between the diameter of
region A and the volume of water falling on the plate each second.
You should assume that the normal laboratory apparatus used in schools and colleges is available
to you.

You may wish to use a diagram to illustrate your solution to this problem.

You should also include the following in your answer:

! The quantities you intend to measure and how you will measure them.
! How you propose to use your measurements to determine reliable results for the diameter of the

hydraulic jump and for the volume flow rate of the stream of water.
! The factors you will need to control and how you will do this.
! How you could overcome any difficulties in obtaining reliable results.

Write your answers to Question 1 on pages 6 and 7 of this booklet.
(8 marks)
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2 In this experiment you are required to investigate the equilibrium of a metre ruler, suspended from a
horizontally clamped beam, under different loading conditions.  
Do not adjust the position of the clamps supporting the beam.

No description of the experiment is required.

You are provided with the arrangement shown in Figure 1.

You are also provided with two masses, each of mass 100 g.  These can be placed on the mass hanger,
also of mass 100 g, that is attached to the lower end of the four connected springs suspended from the
right-hand end of the beam.

(a) Make suitable measurements to determine the change in extension, ∆y, of the four connected
springs, when the mass attached to the lower end changes by 100 g.  

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

∆y = ........................................................................
(2 marks)
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(b) Remove the masses and mass hanger and using the hook at the 95 cm mark, connect the metre
ruler to the lower end of the springs.  Allow the ruler to hang freely over the edge of the bench
suspended by the wire at the left-hand end and by the springs at the right-hand end. 

Slacken the terminal T and adjust the length of the wire joining the beam to the ruler until the
left-hand end of the ruler is approximately 5 cm below the level of the right-hand end, as shown
in Figure 2.  Tighten terminal T again once this condition is satisfied.  

Figure 2
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Suspend a 300 g mass from the ruler close to the point of attachment between the wire and the
ruler. 
Adjust the position of the mass until the ruler is suspended horizontally, as shown in Figure 3.

Figure 3

Measure and record x, the horizontal distance between the wire and the point of attachment of
the 300 g mass to the ruler, and y, the vertical distance between the lower edge of the beam and
the upper edge of the suspended metre ruler.

Increase the length of the wire between the beam and the ruler so that the left-hand end is again
lower than the right-hand end.
Adjust the 300 g mass as before to make the ruler horizontal and repeat the procedure to find four
additional values of x and y.

Record the measurements you make on page 12 of this booklet.  
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Measurements and observations. 

.........................................................................................................................................................

.........................................................................................................................................................
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.........................................................................................................................................................

.........................................................................................................................................................
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.........................................................................................................................................................

.........................................................................................................................................................
(5 marks)

(c) Using the grid on page 13 of this booklet, plot a graph with y on the vertical axis and x on the
horizontal axis.  

(6 marks)
(d) (i) Measure and record the gradient, G, of your graph.

G = ......................................................................................

(ii) Evaluate       .

= .....................................................................................
(3 marks)

QUESTION  2  CONTINUES  ON  PAGE 14
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(e) (i) Explain how you ensured that the suspended metre ruler was horizontal before making
measurements of y.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) State and explain how you would use your graph to deduce the value of y if the 300 g mass
were to be completely removed from the ruler.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(iii) State and explain how the gradient, G, would be affected, if at all, if in part (b) of the
experiment the mass suspended from the ruler had been 200 g rather than 300 g.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(6 marks)
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END  OF QUESTIONS
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