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#'I (a) The graphs show how a car driver's sfopping distance and thinking distance are expected
to depend on the speed at which the car is being driven (on a straight dry road).

thinking distance = distance travelled between driver seeing a hazard ahead and
starting to apply brakes

braking distance = distance travelled while brakes are bringing car to rest (with
constant deceleration)

stopping distance = thinking distance + braking distance
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(D] Determine the time interval that has been assumed between the driver seeing the
hazard and starting to apply the brakes. [11

(i) Evaluate whether or not a consistent value has been used for the car's deceleration
while the brakes are being applied. [3]

(=) Marks, called ‘chevrons’, are painted at 40m intervals on the road surface along a few
stretches of motorway in the U_K.
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Large notices say "Keep apart 2 chevrons” Using the information in part (a), discuss
whether the use of chewvrons is likely to help prevent accidents on motorways. You may
consider whether the scheme has disadvantages and whether it could be improved. [3]
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#2 @y (i) Define velocity. 11

(i) Give an example of a situation where an object has: =1

I a changing velocity but a constant speed;

(L acceleration in the opposite direction to velocity.

o) Sarah throws a ball vertically upwards and catches it. A velocity-time graph for the flight
of the ball iIs shown below. lgnore the effects of air resistance.
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(i) Calculate the acceleration due to grawity. 21

Ciiy Calculate the maximum height of the ball from Sarah’s hand. =1

iin) State the displacement of the ball from Sarah's hand after 3 seconds._ 11

<) When Sarah was asked to sketch a displacement-time graph for the flight of the ball from
the time it was first throwwn until it was caught, she sketched the shape shown below.

Evaluate whether yvou think she was correct. Further calculations are not required . =4
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#3 7. (al Ignoring the effects of air resistance, describe how, if at all, the vertical and horizontal
components of a projectile’s velocity change during flight on Earth. [2]

(b) (i} A football player takes a free kick 21 m away from the goal. The ball leaves the
ground at an angle of 20°. Show that the velocity he must strike the ball at is
approximately 25m s~ if it is to reach its maximum height at the moment it reaches
the goal. lgnore the effects of air resistance. [4]
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(i) The height of the cross baris 244 m above the ground. Justify numerically whether
the ball crosses the goal line above or below the bar. [3]

(i) Discuss how air resistance might affect the height at which the ball reaches the
goal. [2]
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#4 George attempis to determine the acceleration due to gravity using the following apparatus. The
ball bearing starts from rest just abowve the top beam of light. When the ball bearing cuts the top
beam it starts the timer and when it breaks the bottom beam it stops the timer.

Light sensor 1 Ball bearing Laser 1
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Light sensor 2 Laser 2

| |___"'_ _________________

a) (i) The wvertical distance, M1, between the two light beams was measured using a meaetre
ruler of resolution 1 cm and was found to be 1.25m. Determine the percentage
uncertainty in this result. [11

(i) The time, r, taken to fall through the distance, /7, was measured threese times and the
Ffollowing results were obtained.
Time 1 Time 2 Time 3
= = /s
0.51 o.53 0.50
Determine the mean time taken for the ball bearing to fall along with its percentage
uncertainty. [=1
i) Use the eqguation:
PR {5
T T
to determine a walue for the acceleration due to grawvity along with its absolute
uncertainty. [<]
(iw) State why the value you obtained in (@) (iii) is less than 9. .81 ms=2. [11

(=) (i) Annabel suggests that the experiment would be more accurate if times were
obtained for the ball bearing to fall different vertical distances and a graph was
drawn. Do yvou believe Annabel is correct? Justify yvour answer. [=1

i) Explain which graph should be drawn to determine o and how it can be used to find
a value for o [=21
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#5 (a) State what is meant by a body’s mean acceleration over a period of time. [1]

(b) Protons are ‘stored’ by being made to go round and round a circular path of radius 0.25m
at constant speed. They perform 5.2 » 10% revolutions per second.

(i) Show clearly that the protons' speed is approximately 8 = 108ms-1, [2]
(i) Determine the magnitude and direction of a proton's acceleration at point B [3]
(i) Calculate a proton's mean acceleration over the semicircle ABC. [3]

(¢} Two students discuss the mean force on a proton over one revolution ABCA. Adam says
that the mean force is the same as the force at B, because the force is the same all the
way round. Brian says that the mean force is zero. Evaluate these opinions. [2]

Question taken from Edugas examination paper 842101, November 2020
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#6 1. (@ Inaninvestgation of projectile motion, a student throws a stone. It 1Is moving horizontally
when it leaves his hand (at point P). It reaches the ground at point Q.
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() By analysing a video of the stone’s flight, its horizontal velocity component, vy, Is
found to be almost constant. Discuss whether or not this is to be expected. [2]

(i) The approximate value of v, obtained from the video was 9.0ms~". Determine whether
this value is consistent with the measured distances recorded in the diagram. Show
your reasoning clearly. [3]
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{b) Calculate the magnitude and direction of the stone’s velocity just before it hits the ground.
[4]
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