Motion and Uncertainty analysis

	Topic area
	Text book pre-reading
	Syllabus ref
	Max possible score in exam questions
	Your score in exam questions

	Key terms, equation and units

	
	
	10
	

	Displacement, velocity and acceleration

	p 41
	3.1.1
	8
	

	Velocity, acceleration and displacement graphs
	p 48-58
	3.1.1
	9
	

	Analysing experimental uncertainty and error

	p 29-33
	2.2.1
	15
	

	Equations of motion (SUVAT)

	p 41-42
	3.1.2
	8
	

	Acceleration of free-fall (g)

	p 43-45
	3.1.2
	4
	

	Vehicle stopping distances

	p 63- 64
	3.1.2
	5
	

	Investigating motion and collisions in objects

	p 59-62
	3.1.2
	3
	

	Projectile motion

	p 46-47
	3.1.3
	12
	

	Synoptic question

	
	
	10
	

	Total

	85
	



	By the end of this topic you should be able to…..
	Check 

	Describe the difference between accuracy and precision and random and systematic error

	

	Calculate and combine percentage and absolute uncertainties

	

	Construct error bars and lines of worst fit to establish uncertainty in a gradient

	

	Define and calculate displacement, instantaneous speed, average speed, velocity and acceleration

	

	Describe features of distance-time and displacement-time graphs and calculate the gradient to find velocity (including for non-linear graphs)
	

	Describe features of speed-time and velocity-time graphs and calculate the gradient to find acceleration and area underneath to find total distance/displacement (including for non-linear graphs)
	

	Use the equations of motion in calculations
	


	Describe methods to measure acceleration of free-fall (g)
	


	Define and explain factors that affect stopping distance, thinking distance and braking distance
	


	Calculate variables in projectile motion by splitting into horizontal and vertical components of motion
	


[bookmark: _Hlk139023401]Glossary of key terms- Match the term to the definition (5)
[bookmark: _Hlk138345484]Accuracy, Precision, Resolution, Random error, Systematic error, Zero error, Absolute uncertainty, Percentage uncertainty, Scalar quantity, Vector quantity, Distance, Displacement, Speed, Velocity, Acceleration
	[bookmark: _Hlk139023391]

	How close a measured value is to a true value

	
	These cause readings to differ from the true value by a consistent amount each time a measurement is made

	
	The interval within which the true value can be expected to lie given as a percentage of the measured value

	

	Displacement per unit time

	

	The complete length travelled

	

	How close each measured value is to another measured value

	
	These cause readings to be spread about the true value, due to results varying in an unpredictable way from one measurement to the next

	
	Any indication that a measuring system gives a false reading when the true value of a measured quantity is zero

	

	The interval within which the true value can be expected to lie.

	

	Has only magnitude

	

	Has magnitude and direction

	

	Distance travelled in a particular direction

	

	Change in velocity per unit time

	

	Distance travelled per unit time

	
	The smallest change in the quantity being measured (input) of a measuring instrument that gives a perceptible change in the reading.



[bookmark: _Hlk139023464]Equations given in exam- Complete the table with the definition of each variable symbol (5)
	[bookmark: _Hlk139023454]Variable symbol
	Variable
	Unit symbol

	s

	
	

	u

	
	

	v

	
	

	a

	
	

	t
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Displacement, velocity and acceleration
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Velocity, acceleration and displacement graphs 
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Analysing error and uncertainty in experiments
	
		1.
	A metal strip has thickness t, as shown below.
 
	[image: A picture containing line, diagram, sketch, white

Description automatically generated]



Five measurements of the thickness t at different positions along the length of the strip are shown below.

1.86 mm 1.88 mm 1.85 mm 1.89 mm 1.88 mm

Determine the percentage uncertainty in the thickness t.






percentage uncertainty = ..................................................... % [3]




	
	 
	
	

	2.
	A toy parachute is falling through air.
The air resistance F acting on the parachute is given by the expression

F = kv 2 

where v is the speed of the parachute and k is a constant.

The following items of data are collected for the parachute.
	 •
	v = 1.20 ± 0.12 m s−1

	•
	F = 4.00 ± 0.24 N



Calculate the absolute uncertainty in k. Write your answer to 2 significant figures.




 
	absolute uncertainty in k = ..................................................... kg m−1 [3]









	 
		
	

	3(a).
	A student measures the diameter of a ball in different directions.

The student’s results are:
 
	2.43 cm
	2.54 cm
	2.59 cm


i. State the name of a suitable measuring instrument to measure the diameter of the ball.
[1]
ii. Calculate the mean diameter d of the ball.
Include the absolute uncertainty in d.



 
	d = ................... ± ................... cm [2]


iii. Show that the volume of the ball is about 8.4 × 10–6 m3.




 
	[1]


iv. The mass of the ball is 23 ± 1 g.
Determine the density ρ of the ball.
Give your answer to an appropriate number of significant figures.




 
	ρ = ............................................. kg m-–3 [2]


v. Determine the percentage uncertainty in ρ.





 
	percentage uncertainty = ..................................................... % [2]








Equations of motion
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   Acceleration due to gravity = 9.81 ms-2
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Acceleration of free fall
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Vehicle stopping distances
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Investigating motion and collisions of objects
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Projectile motion 
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Synoptic question
	
		
	

	1 (a).
	A student is carrying out an experiment in the laboratory to determine the acceleration of free fall g. The student drops a small steel ball from rest and records the time t taken for the ball to fall through a vertical distance h.

The results for different vertical distances are shown in the table below.
 
	 
	h / m
	t / s
	t2 / s2
	 

	 
	0.660
	0.365
	0.133
	 

	 
	0.720
	0.385
	0.148
	 

	 
	0.780
	0.400
	0.160
	 

	 
	0.840
	0.415
	0.172
	 

	 
	0.900
	0.430
	 
	 

	 
	0.960
	0.445
	0.198
	 



	 Complete the table for the missing value of t2.
	[1]







	
		 
	

	  (b).
	Fig. 3 shows the graph of t2 (y-axis) against h (x-axis).
 
	(i)
	Plot the missing data point and draw the straight line of best fit.
	[2]

	[image: A picture containing text, diagram, number, line

Description automatically generated]
Fig. 3



	(ii)
	Determine the gradient of the straight line of best fit.








 
	gradient =  
	 
	s2 m−1 [1]








	 
	 
	
	

	  (c).
	1. Use the equations of motion for constant acceleration to show that the relationship between t and h is
 
	 
	[image: A picture containing text, font, symbol, number

Description automatically generated]
	 



where g is the acceleration of free fall.
	 





[1]


1. Use your answer to (b)(ii) to determine the experimental value for g.





 
	g = 
	 
	m s−2 [1]


 




	
	 


	
	

	  (d).
	Describe and explain how the student could use standard laboratory equipment to make accurate measurements of h and t.
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
 
[4]
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(ii) Calculate the distance travelled by car A in the first 4.0s.

distance = ... m [2]
(iii) Use Fig. 1.1 to find

1 the time at which both cars have the same velocity

2 the time t at which car A overtakes car B.
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Fig. 2.1 shows a graph of velocity against time for an object travelling in a straight line.

velocity ‘

time

Fig. 2.1
The object has a constant acceleration a. In a time t its velocity increases from u to v.
(a) Describe how the graph of Fig. 2.1 can be used to determine
(i) the acceleration a of the object

/ In your answer, you should use appropriate technical terms, spelled correctly.
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(b) Use the graph of Fig. 2.1 to show that the displacement s of the object is given by the
equation:

s=ut+ %at2

[2]
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The figure below shows a gannet hovering above a water surface.

30m

1 water
! G fish

The gannet is 30 m above the water. It folds in its wings and falls vertically in order to
catch a fish that is 6.0 m below the surface.

Ignore air resistance.

(a) Calculate

(i) the speed that the bird enters the water

[2]
(i) the time taken for the bird to fall to the water surface.

(2]
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Fig. 2.1 shows an arrangement used in the laboratory to determine the acceleration g of free
fall.
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Fig. 2.1

rapdoor

The steel ball is held at rest by an electromagnet. When the electromagnet is switched off,
the electronic timer is started and the ball falls. The timer is stopped when the ball opens the
trapdoor. The distance between the bottom of the ball and the top of the trapdoor is 0.600 m.
The timer records a time of fall of 0.356s.
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(i) Show that the value for the acceleration g of free fall obtained from this experiment is
9.47ms™2,

[2]
(ii) State one reason why the experimental value in (i) is less than 9.81 ms=2.
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(iii) On Fig. 2.2 sketch a graph to show the variation of the vertical distance s fallen by the
ball with time t.
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Fig. 2.2
[1]
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A driver travelling in a car on a straight and level road sees an obstacle in the road ahead and

applies the brakes until the car stops. The initial speed of the car is 20ms~". The reaction time of
the driver is 0.50s.

Fig. 2.1 shows the velocity against time graph for the car.
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Fig. 2.1

(a) Define thinking distance.

(c) Use your answer to (b) and Fig. 2.1 to determine

(i) the thinking distance

thinking distance = .........ccccoiiiiiiiiiiciiiccc e m [1]
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(ii) the braking distance.

braking distance =
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(c) A student repeats one of Galieo's classic experiments from the sixteenth century. Fig. 1.2
shows the arrangement of this experiment.

trolley

ramp

Fig.12

A number of tiny bells are hung above a ramp. A trolley is released from rest from the top of
the ramp. It rings each bell on its journey down the ramp. The procedure is repeated several
times. The separations between the bells are adjusted until the time taken by the trolley to
travel between successive bells is the same. This means that the bells ring at regular intervals.
‘The distance between successive bells increases down the ramp.

(i) State what you can deduce about the motion of the trolley as it ravels down the ramp.

m

) The positions of the bells are unchanged. The mass of the trolley is increased. This
heavier trolley is released from rest from the top of the ramp. State and explain the
observations made by the student for this trolley.
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Fig. 2.1 shows the path of a metal ball fired at a velocity of 24ms~" at an angle of 30° to the
horizontal.
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Fig. 2.1

Air resistance has negligible effect on the motion of the metal ball. The ball is fired from point A
and it reaches its maximum height at point B. The mass of the ball is 4504g.

(a) State the direction of the acceleration of the ball during its flight.

(b) Calculate the horizontal and vertical components of the velocity of the ball at A.

horizontal velocity = .........cceoveeeeeceeeeennne. ms™"

vertical veloCity = .......cocveeveeveeeeceeeeeene ms~' [2]
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(d) Calculate the maximum vertical height h of the ball.
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4

Fig. 2.1 shows the path of water from a hose pipe.
hose pipe

7.0ms?

path of
water

ground
36m

Fig. 2.1

The end of the horizontal hose pipe is at a height of 1.3m from the ground. The initial horizontal
velocity of the water is 7.0ms~". The horizontal distance from the end of the hose pipe to the point
where the water hits the ground is 3.6m. You may assume that air resistance has negligible effect
on the motion of the water jet

(a) On Fig. 2.1, draw an arrow to show the direction of the acceleration of the water at point P.
(Mark this arrow A). 11
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(d) Show that the water takes about 0.5 to travel from the end of the pipe to the ground.

m
(€) Show that the speed of the water when it hits the ground is 8 6ms
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Formulae and relationships
Module 2 - Foundations of physics
vectors Fe=Fcos 0
F,=Fsino

Module 3 - Forces and motion
uniformly accelerated motion

V=1 +2as

force Foop
At
p=mv
turning effects moment = Fix
torque = Fd

density

pressure

P

>|n| <|3

P =heg
work, energy and power W=Fxcos 0
iseful energy output
total energy input

efficiency = x100%

Springs and materials
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(a) Speed is a scalar quantity and velocity is a vector quantity. State one difference and one
similarity between speed and velocity.
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toy locomotive
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The locomotive travels at constant speed round the track in a clockwise direction. It takes 12s
to travel completely round the track. At time t = 0, the locomotive is at point A.

(i) Calculate the speed of the locomotive.

(ii) Calculate the magnitude of the displacement s of the locomotive from point A after it has
travelled one quarter of the way round the track.
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(iii) Explain why the average velocity of the locomotive is zero after a time of 12s.
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(a) Define a vector quantity.

(b) Circle all the vector quantities in the list below.
acceleration speed time displacement weight [1]

(c¢) Fig. 1.1 shows graphs of velocity v against time t for two cars A and B travelling along a
straight level road in the same direction.
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Fig. 1.1
At time t = 0, both cars are side-by-side.

(i) Describe the motion of car Afromt=0to t=10s.




