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Instructions and answers for teachers
These instructions cover the student activity section which can be found on page 8. This Topic Exploration Pack supports OCR GCSE (9–1) Twenty First Century Science Physics B.

When distributing the activity section to the students either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Mapping to spec level (Learning outcome)

From P5.6, learners should already be able to:

1. recall that the solar system was formed from dust and gas drawn together by gravity 

2. use the particle model of matter to explain how doing work on a gas can increase its temperature (e.g. bicycle pump, in stars) 

3. explain how the Sun was formed when collapsing cloud of dust and gas resulted in fusion reactions, leading to an equilibrium between gravitational collapse and expansion due to the fusion energy 

4. explain the red-shift of light from galaxies which are receding 

qualitative only 

5. explain that the relationship between the distance of each galaxy and its speed is evidence of an expanding Universe model 

6. explain how the evidence of an expanding Universe leads to the ‘Big Bang’ model 

Introduction
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Since this pack deals with a field that is constantly changing and in which new ideas appear at a bewildering rate, it is important to make sure that learners are not bogged down with information, while at the same time being careful not to fob them off with oversimplifications. This can be a difficult line to tread, especially when opinions on important elements of the subject differ among scientists working on it. However, there are some important ideas on which most if not all specialists are in agreement, and it is some of these that provide the focus for the student activities.
Most learners should already be familiar with the very basic notion that the Universe was once very much smaller than it now is and then got bigger. This is really the essence of the concept of the big bang, and there is no need for learners to feel that there is anything more complicated to it than that. It is, however, important to make it clear that, when scientists talk about the “big bang” – a phrase coined initially by Fred Hoyle in order to ridicule the idea - the one thing that they have very little to say about in general is the actual initial event; the point at which the Universe began expanding from its initial hot dense state. The big bang theory is not really a theory about this moment, but a theory about what has happened since, and learners should be encouraged to think of it as a model of the expansion and evolution of the Universe rather than as an attempt to explain its origin. Of course this point of origin is likely to be of interest to learners, but there should be no problem admitting that we really know very little about it. In general relativity, the initial point is held to be a singularity, but since quantum physics does not allow singularities, there is little or no consensus about exactly what happened before the very earliest times to which we can extrapolate backwards. In fact, all we can reasonably say about the big bang is that it wasn’t big and didn’t go bang, what with there not being an amount of space or time big enough for an audible vibration to occur when it happened. However, while we cannot say what the Universe was like at the moment it began, we think we do have some idea what it was like an extremely short time afterwards, and from then on.
The idea of space itself expanding can also be confusing; the question “What is the Universe expanding into?” is common, even among adults and statements such as “the big bang happened everywhere” can lead to glazed expressions. Although this is a difficult area conceptually, it should be made clear that it is the space itself that is expanding, and not the “stuff” within it. This is why, even though the red-shifted light from distant galaxies does work in very much the same way that Doppler-shifted waves would work from any source, cosmologists prefer to talk about the wavelengths of the light having been lengthened by the expansion of the Universe rather than the light being Doppler shifted by the velocity of receding objects.
Suggested activities

Since the main elements of this sub topic are qualitative, what with the real ‘meat’ of the physics being rather advanced, the three student activities included here are in the form of related essay-type questions. Learners who are not comfortable expressing ideas in writing may find it helpful to give a spoken presentation instead, and learners may find it helpful to work in groups or even as a class to produce discussions before reaching conclusions; this is left to the discretion of the teacher.
Before learners attempt these questions, it is recommended that they revisit any relevant information from the relevant sub topic, and some additional links to useful online sources are included in the next section.
Answers:
Learners can give different levels of answer to these questions. While there are of course key terms and concepts to look for, emphasis should be placed on the fluency with which answers are given, and the clarity with which learners can deal with any potential confusion.
Question 1a: What do physicists mean when they talk about the big bang, and why do they think it happened? Make your explanation as simple as possible without leaving out anything important or getting anything wrong.
This is deliberately vague and general, both to ease learners into the topic and to assess the level on which they engage with the ideas. Most learners should be able to come up with a decent answer, and should not be prompted to give extra information if it is not forthcoming; the purpose is to find out what they have made of the information they have so far been introduced to. As with all such answers, learners should be encouraged to find ways of explaining things in their own words without relying on obfuscatory regurgitation of memorised terms and references. What matters, for instance, is what Hubble discovered and how, not who he was or when it happened.

Question 1b: The big bang wasn’t big (the entire observable Universe was smaller than a grain of sand at the time) and didn’t go bang. However, there are a few things we can say about it, or at least about the time just after it. One is that it was very very hot. Why is this a reasonable conclusion?

There are many reasonable ways in which learners might choose to explain this: they could simply refer to experiments with increasing the pressure inside a container, or in a more interesting way, with reference to conservation of energy and the idea that temperature itself is a kind of measure of energy density. 

Question 2a: Since there are stars in every direction, and since the big bang happened at all points in the Universe, we should be seeing starlight from every direction. So why is the night sky dark; why isn’t it bright white with the light of all those stars?
The simple answer is redshift, but learners should be encouraged to mention CMBR, and to link this with their understanding of the EM spectrum. Any analogies with a Doppler-shifted sound becoming too low to hear should be welcomed.

Question 2b: Before the big bang became scientifically accepted, Einstein included a term in his equations, which he called the cosmological constant, that made the Universe expand in order to stop it collapsing in on itself. Why would it collapse in on itself without anything to make it expand? Why wouldn’t it just stay as it is forever?

Again, there is a simple one-word answer: gravity. Again, however, we can look for more interesting points from more able learners. For instance, although a Universe without a “cosmological constant” or equivalent might well eventually collapse in on itself, a wider point could be made about the change in physics from the assumption that the Universe is unchanging and eternal to the acceptance that it is dynamic and evolving. Any mention of dark matter should particularly be applauded.

Question 2c: When we look at things that are far away, we see them in the past, because of the amount of time the light has taken to get to us. The Universe is estimated to be nearly fourteen million years old, so none of the light we see can have travelled more than fourteen billion light years, yet physicists say that the observable Universe (the size of the amount of the Universe that we can see) has a radius of about forty-six billion light years. How can this be the case?

The answer in this case is of course that the objects whose light has travelled thirteen billion light years to get to us have also travelled even further in the intervening time. This brings up an important and very interesting question that some more able learners may come up with: if the entire Universe is expanding, and if there are objects that are so far away from us that the speed at which they are receding is extremely fast, does this mean that there are objects that are moving away from us faster than the speed of light? The answer, surprisingly, is yes, as far as we know. This is because it is not the objects that are moving but the space that’s expanding. While c is the fastest anything can move with respect to the reference frame of any observer, there is no cosmic limit on the rate at which space can expand, and any objects that are receding from each other (because of the expansion of the Universe) faster than light are also definitively not capable of being observed from each other’s frame of reference; they might as well be in different Universes as far as physics is concerned. This relates to the idea of “the observable Universe” that learners may have encountered before; of course, we simply do not know how big the Universe actually is – for all we know at the moment, it might be infinite – so all we can talk about is the part of it that we can observe and thus interact with; the part that is causally linked to us.

Question 3: How might the following help you to explain the idea of the big bang to someone who knew nothing about it?
3a: A balloon and a marker pen
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3b: A recording of a fire engine driving past at high speed with the siren on
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3c: A bicycle pump
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Learners who were comfortable with the previous questions should have no trouble coming up with reasonable answers for all of these. Of course, the balloon and marker pen can be used to show the way that, in an expanding Universe, objects that are further from each other will recede from each other faster, the recording of the fire engine can be used to explain Doppler shifting and, by extension, the frequency-shifting of light and the bicycle pump can be used to talk about pressure, density and temperature.

Additional teacher preparation
Since this area is among the least well-established of all the topics covered at this level, learners should be encouraged to question, discuss and speculate. Grappling with the enormous and tiny scales concerned might be difficult, but it can also be fun to talk about how there are more stars in the observable Universe than grains of sand on the earth and so on. In general, more advanced learners can be given free rein to involve as much extra information as possible.

Useful online resources:

Welcome to Space Math @ NASA  http://spacemath.gsfc.nasa.gov/universe.html
A neat set of problems relating to real cosmology. Of particular interest are:

Problem 50: Measuring The Speed Of A Galaxy http://spacemath.gsfc.nasa.gov/universe/2page11.pdf
and:

Problem 49: The Hubble Search for the Farthest Galaxy in the Universe http://spacemath.gsfc.nasa.gov/universe/10Page114.pdf
Our Universe and the Big Bang https://www.youtube.com/watch?v=AXg732gESeo 
A 14-minute video by EdChat TV in which astrophysicists talk about the scale of the Universe, the big bang and related topics; this provides a useful basic introduction as well as containing much that will interest more advanced learners.
Inflation & the Universe in a Grapefruit https://www.youtube.com/watch?v=m7C9TjdziPE 
Another excellent video in the Sixty Symbols series. Interested learners can be encouraged to explore related videos in the series.

Space - Warped by Gravity - 3D Animation https://www.youtube.com/watch?v=hH69B0Oc2Og 
A very short video in which a wireframe mesh representing gravity is distorted by a massive object moving through it. This is a rather more satisfying visualisation than the traditional “ball-on-a-rubber-sheet” method, whose main flaw is that it itself requires gravity in order to work. This is much more accurate.
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Question 1a: What do physicists mean when they talk about the big bang, and why do they think it happened? Make your explanation as simple as possible without leaving out anything important or getting anything wrong.
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Question 1b: The big bang wasn’t big (the entire observable Universe was smaller than a grain of sand at the time) and didn’t go bang. However, there are a few things we can say about it, or at least about the time just after it. One is that it was very very hot. Why is this a reasonable conclusion?
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Question 2a: Since there are stars in every direction, and since the big bang happened at all points in the Universe, we should be seeing starlight from every direction. So why is the night sky dark; why isn’t it bright white with the light of all those stars?
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Question 2b: Before the big bang became scientifically accepted, Einstein included a term in his equations, which he called the cosmological constant, that made the Universe expand in order to stop it collapsing in on itself. Why would it collapse in on itself without anything to make it expand? Why wouldn’t it just stay as it is forever?
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Question 2c: When we look at things that are far away, we see them in the past, because of the amount of time the light has taken to get to us. The Universe is estimated to be nearly fourteen million years old, so none of the light we see can have travelled more than fourteen billion light years, yet physicists say that the observable Universe (the size of the amount of the Universe that we can see) has a radius of about forty-six billion light years. How can this be the case?
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Question 3: How might the following help you to explain the idea of the big bang to someone who knew nothing about it?
[image: image23.jpg]GCSE (9-1)

TWENTY FIRST CENTURY SCIENCE PHYSICS B
Teacher Instructions



3a: A balloon and a marker pen
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3b: A recording of a fire engine driving past at high speed with the siren on
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3c: A bicycle pump
[image: image18.jpg]




[image: image19]
We’d like to know your view on the resources we produce.  By clicking on ‘�HYPERLINK "mailto:resources.feedback@ocr.org.uk?subject=I%20liked%20GCSE%20(9-1)%20Twenty%20First%20Century%20Science%20Physics%20B%20Topic%20Exploration%20Pack%20-%20Space%20and%20Big%20Bang"��Like�’ or ‘�HYPERLINK "mailto:resources.feedback@ocr.org.uk?subject=I%20disliked%20GCSE%20(9-1)%20Twenty%20First%20Century%20Science%20Physics%20B%20Topic%20Exploration%20Pack%20-%20Space%20and%20Big%20Bang"��Dislike�’ you can help us to ensure that our resources work for you.  When the email template pops up please add additional comments if you wish and then just click ‘Send’.  Thank you.


If you do not currently offer this OCR qualification but would like to do so, please complete the Expression of Interest Form which can be found here: �HYPERLINK "http://www.ocr.org.uk/expression-of-interest"��www.ocr.org.uk/expression-of-interest�





OCR Resources: the small print�OCR’s resources are provided to support the teaching of OCR specifications, but in no way constitute an endorsed teaching method that is required by the Board, and the decision to use them lies with the individual teacher.   Whilst every effort is made to ensure the accuracy of the content, OCR cannot be held responsible for any errors or omissions within these resources. �© OCR 2015 - This resource may be freely copied and distributed, as long as the OCR logo and this message remain intact and OCR is acknowledged as the originator of this work.


OCR acknowledges the use of the following content: Page 2, 8: Evolution of Universe - Jose Antonio/quest.eb.com/ED; Page 9: Dark matter - UIG Satellite Imagery/ quest.eb.com/ED; Page 10 : Galactic centre - 2MASS PROJECT NASA/quest.eb.com/ED; Page 11: Stars in the night sky - David Nunuk/quest.eb.com/ED; Page 5, 6, 13, 14: Balloon – vovan/Shutterstock.com, pen – cTermit/Shutterstock.com, fire engine - Digital Storm/Shutterstock.com, bicycle pump – Mike Flippo/Shutterstock.com; Page 12 – Space/light travel concept – pixelparticle/Shutterstock.com


Please get in touch if you want to discuss the accessibility of resources we offer to support delivery of our qualifications: �HYPERLINK "mailto:resources.feedback@ocr.org.uk"��resources.feedback@ocr.org.uk�

































































































































































































































































Version 1
2
© OCR 2016

[image: image24.jpg]GCSE (9-1)

TWENTY FIRST CENTURY SCIENCE PHYSICS B
Student Activity



