SHERBORNE

Scholarship Examination

Physics

Carefully write your name in the space below.

Forename: Surname:

Write in dark blue or black pen.

You may use a soft pencil for any diagrams, graphs or rough working.
You may use a calculator.

Do not use staples, paper clips, highlighters, glue or correction fluid.
Answer all questions in the spaces provided.

The number of marks is given in brackets [ ] at the end of each question
or part question.

Mark: / 20




Question 1: Exploring Mars (5 Marks)
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A robotic rover named AstroBot is being prepared for a mission to Mars. Scientists need to
understand how the change in gravity will affect the rover’s components.

On Earth, the gravitational field strengthisg = 10 N/kg.
The equation connecting weight (W), mass (m), and gravitational field strength (g) is:
Weight = mass X g

e a)AstroBot has a mass of 120 kg on Earth. Calculate its weight on Earth. Include the
unit in your answetr. [1 mark]

e b)Astudent states: "Because the weight of the rover on Mars is less, the rover will
contain less matter when it arrives there." Explain whether this statement is incorrect,
using the concepts of mass and weight.

[2 marks]

e c)Calculate the gravitational field strength on Mars given that the 120 kg rover has a
weight of 440 N when it is deployed on the surface of Mars. Show your working and give
your answer to one decimal place. [2 marks]




Question 2: High-Speed Travel (6 Marks)

Engineers are analysing data from a new eco-friendly maglev (magnetic levitation) train system
running between two cities. As part of the investigation the following data was produced for two
different trains on different tracks.
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e a)Llooking at the graph, describe what is happening to Train A during the flat, horizontal
section of the line. [1 mark]

e b) During the first part of its journey, Train A travels a distance of 60 km in 0.5 hours.
Calculate its speed in m/s. [3 marks]

e c) After 20min Train B passes Train A traveling on a parallel track in the opposite
direction. Explain what happens to the relative motion (the apparent speed) of Train B
from the perspective of a passenger looking out the window of Train A. Train A is
travelling at 120 km/hr. How fast will Train B be traveling relative to Train A in km\hr at this
time? [2 mark]




Question 3: Extended Practical - The Sustainable Travel Mug (6 Marks)

Fig. 3 travel mug

A company wants to design a plastic-free, eco-friendly reusable travel mug. They want to find
out which sustainable material is the best thermal insulator to keep coffee hot for the longest
time: cork, bamboo fibre, or wool felt.

e a)To ensure a fair test, identify:

o Theindependent variable.

o One crucial control variable.

[2 marks]

o b)Write a step-by-step method to safely investigate which of the three materials is the
best insulator. Your plan should explain what data you will collect and how you will use it
to determine the winner. [4 marks]




Question 4: Marine Wildlife Protection (3 Marks)

Cargo ships use sonar (sound navigation and ranging) technology to avoid collisions with large
marine mammals like blue whales. The ship emits an underwater sound wave pulse that
reflects off objects and returns as an echo.

e a)Sound travels through the water as a longitudinal wave. Explain why sound waves
travel faster through seawater than they do through the air above it, making reference to
the particle model. [1 marks]

o b)Aship emits a sonar pulse. The sound wave travels through the water, hits a pod of
whales, and the echo is detected by the ship's computer exactly 2.0 seconds after it was
sent. The speed of sound in seawater is 1500 m/s. The computer knows how to
calculate speed but what extra step must it take with the data before it calculates the
final answer? [1 marks]

e ¢)Whales can communicate using very deep infrasound frequencies as low as 10 Hz.
Explain why human sailors cannot hear these whale songs without the use of
microphones. [1 mark]




