GCSE (9-1) Physics A (Gateway Science) 	Practical Pack	
Purposeful Practicals 
Determining density of a liquid
This Practical Pack is part of OCR's Purposeful Practicals. This resource can be used to contribute to PAG 1 and is referenced in the Practical Menu (P1). There are also accompanying Integrated Instructions for students to use. 
Aim
To take appropriate measurements of mass and volume and to calculate the density using gathered data.
Time taken: 30 minutes 
Introduction
Students will accurately measure the volume of water with a measuring cylinder and the mass of the water with a mass balance. Students will use these measurements to calculate the density of water. Students will then repeat this procedure with a second liquid (sugar solution, salt solution or oil) to calculate the density of this second liquid. These calculated densities will be compared to the true densities of the liquids.
Specification content links
Physics A J249: P1.1d, P1.1f, M1a, M1b, M1c, M3c, WS1.2b, WS1.2c, WS1.3c, WS1.3d, WS1.4a, WS1.4b, WS1.4e, WS1.4f, WS2a, WS2b, WS2c, WS2d 
Health and safety
	Hazards
	Mitigations

	Getting liquids in eyes or on clothes
[image: Hazard icon]
	Wear safety goggles and wash hands after handling the liquids

	Slip hazard from liquid spills
[image: Hazard icon]
	Wipe up spills immediately



Technician notes
A 1 litre bottle of vegetable oil should be enough for a full class of students.
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Physics A (Gateway Science)
Make sure that waste buckets are provided so that the oil can be disposed of correctly. 
Version 2	1	© OCR 2024
You may prefer to use an aqueous solution of sugar or table salt, as this is usually much easier to clean from measuring cylinders. 

Equipment
Each group will need:
mass balance
measuring cylinder
water
around 30 ml to 40 ml of second liquid (oil, sugar or salt solution)
access to a waste bucket.

Procedure and procedural understanding
	Procedure
	Understanding

	Collect a measuring cylinder that is suitable for measuring a volume of about 40 ml.
	Why is it important that the measuring cylinder is neither too small nor too big?
The smallest division on the measuring cylinder is its resolution, what is the cylinder’s resolution?

	Place the empty measuring cylinder on the mass balance, and zero (tare) the mass balance.
	What is the resolution of the balance?

	Add about 40 ml of water to the measuring cylinder and then measure the volume accurately at eye level using the measuring cylinder. Record the volume in the table 
(1 ml = 1 cm3).
	Why isn’t it necessary for everyone in the class to use the same volume?
Why is it important to measure at eye level?
Have you read the volume from the bottom of the meniscus of the liquid?

	Measure the mass of the water using the mass balance. Record the mass in grams in the table.
	

	Calculate the density of the water using the equation: 


	

	Empty and dry the measuring cylinder (or get a new one).
	

	Repeat steps 2 to 6 using a different liquid.
	Why does the cylinder need to be dry before testing the second liquid?





	Liquid
	Mass of liquid (g)
	Volume of liquid (cm3)
	Density of liquid 
(g / cm3)

	Water
	
	
	

	
	
	
	



Further questions
1. The actual density of the two liquids are:
Water density = 1.0 g / cm3
Oil density = 0.92 g / cm3

The percentage difference gives a measure of how close a value is to the true value. It is calculated using this equation: 


Calculate the percentage difference for your calculated water density
Calculate the percentage difference for your calculated oil density
Suggest why there is a difference between the calculated density and the actual density of the liquids.
Discuss the accuracy of your calculated densities.
2. The table below gives some data on two different unknown clear liquids, X and Y that look like water.

	Liquid
	Mass of liquid (g)
	Volume of liquid (cm3)
	Density of liquid (g / cm3)

	X
	462
	431
	

	Y
	425
	494
	



1. Calculate the density of the two liquids, X and Y.
1. State which liquid is most likely to be water.
1. It is later found that neither X nor Y is water.
Explain why it is possible that neither liquid is water.



Answers 
1.  a)	i)	(student density – 1.0) × 100%
For oil, ((student density – 0.92) ÷ 0.92) × 100%; replace 0.92 with appropriate value for salt or sugar solution.
1. Errors in measurements, e.g. not measuring volume at eye level / measuring cylinder not fully dry.
Water used is not pure.
The percentage difference gives an idea of accuracy, the smaller the number the closer the calculated density is to the actual value. However, the percentage difference only gives us a valid measure of accuracy if the uncertainty in the calculated value is low. 
a)	X = 1.07  g / cm3   Y = 0.860 g / cm3
1. X, as it is closer to the actual value for water density.
1. They could be different liquids that have a density close to the density of water. There are other liquids that have the same density. 
There could be errors in the data leading to the density being incorrect.

Practical skills, apparatus and techniques assessed
	a
	Reference
	Description of skill/technique

	
	1aiii
	Measure mass with a mass balance.

	
	1av
	Measure volume with a measuring cylinder.

	
	1bii
	Use of measurements to determine the density of a liquid.

	
	1aiii
	Measure mass with a mass balance.



Scientific and practical understanding
Accuracy
How close a measured or calculated value is to the true value. 
Density
Calculated by dividing the mass of the liquid by its volume:  
Mass
Measured using the mass balance to determine the amount of matter in the liquid.
Mass Balance
Equipment used to measure the mass of the liquid.
Measurement Error
Minimising errors during measurement by carefully reading the measuring cylinder and correctly using the mass balance.
Measuring Cylinder
Used to measure the volume of the liquid.
Meniscus
Ensuring the volume is read at the bottom of the meniscus to increase accuracy when using the measuring cylinder.
Percentage Difference

Calculating the percentage difference between experimental density values and known/reference values to assess accuracy 
Tare
Setting the mass balance to zero before measuring the mass.
Volume
Measured using the measuring cylinder to determine how much space the liquid occupies.
Practical understanding
Students are able to: 
follow written instructions
take measurements of mass and volume
calculate the percentage difference
comment on the accuracy of the calculated density
comment on the errors in the experiment.
Scientific understanding
calculate density using measurements.

Notes and references
Health and safety should always be considered by a centre before undertaking any practical work. A full risk assessment of any activity should be undertaken including checking the CLEAPSS website. 
Centres should trial experiments in advance of giving them to students. 








Please note – web links are correct at date of publication but other websites may change over time. If you have any problems with a link you may want to navigate to that organisation’s website for a direct search.
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We’d like to know your view on the resources we produce. Click ‘Like’ or ‘Dislike’ to send us an auto generated email about this resource. Add comments if you want to. Let us know how we can improve this resource or what else you need. Your email will not be used or shared for any marketing purposes.
Looking for another resource? There is now a quick and easy search tool to help find free resources for your qualification.
OCR is part of Cambridge University Press & Assessment, which is itself a department of the University of Cambridge.
For staff training purposes and as part of our quality assurance programme your call may be recorded or monitored. © OCR 2024 Oxford Cambridge and RSA Examinations is a Company Limited by Guarantee. Registered in England. Registered office The Triangle Building, Shaftesbury Road, Cambridge, CB2 8EA. Registered company number 3484466. OCR is an exempt charity.
OCR operates academic and vocational qualifications regulated by Ofqual, Qualifications Wales and CCEA as listed in their qualifications registers including A Levels, GCSEs, Cambridge Technicals and Cambridge Nationals.
OCR provides resources to help you deliver our qualifications. These resources do not represent any teaching method we expect you to use. We update our resources regularly and aim to make sure content is accurate but please check the OCR website so that you have the most up to date version. OCR cannot be held responsible for any errors or omissions in these resources. 
Though we make every effort to check our resources, there may be contradictions between published support and the specification, so it is important that you always use information in the latest specification. We indicate any specification changes within the document itself, change the version number and provide a summary of the changes. If you do notice a discrepancy between the specification and a resource, please contact us. 
You can copy and distribute this resource in your centre, in line with any specific restrictions detailed in the resource. Resources intended for teacher use should not be shared with students. Resources should not be published on social media platforms or other websites.
OCR acknowledges the use of the following content: N/A 
Whether you already offer OCR qualifications, are new to OCR or are thinking about switching, you can request more information using our Expression of Interest form. 
Please get in touch if you want to discuss the accessibility of resources we offer to support you in delivering our qualifications.
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