AEL5 Unit 4b: Overhaul
Printer-friendly version of exercises + key to exercises
1) AEL5U4b_R_Fixing_LHC.jqz
Reading: How the Damage to the LHC Was Repaired
Quiz
Scan the article on p. 29 in your coursebook (Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman) and decide whether the statements below are True (t) or False (f). 

1) After being heated up for around a month, the damaged magnets were separated from each other and moved up to ground level. 
True
False
2) While the damaged magnets were being inspected and repaired on the surface, a full cleaning operation was being carried out on a long section of the beam tube.
True
False
3) The magnets were set up with equipment to release them from their supports and also with special inlets to allow the helium in the magnets to increase in pressure.
True
False
4) The cable connections between the magnets were covered with copper and then soldered together by the application of heat and pressure to the coating.
True
[bookmark: _GoBack]False
5) Improvements in the warning system mean that hundreds of detectors will check the interconnections and prevent the power supply from switching off during an incident.
True
False

Key:

1) After being heated up for around a month, the damaged magnets were separated from each other and moved up to ground level. 
True
False
2) While the damaged magnets were being inspected and repaired on the surface, a full cleaning operation was being carried out on a long section of the beam tube.
True
False
3) The magnets were set up with equipment to release them from their supports and also with special inlets to allow the helium in the magnets to increase in pressure.
True
False (The magnets were set up with equipment to tie them down and prevent them being thrown off their supports in future, and also with special outlets (valves) to prevent the helium in the magnets  from increasing in pressure).
4) The cable connections between the magnets were covered with copper and then soldered together by the application of heat and pressure to the coating.
True
False
5) Improvements in the warning system mean that hundreds of detectors will check the interconnections and prevent the power supply from switching off during an incident.
True
False (Improvements in the warning system mean that hundreds of detectors will check the interconnections and cause the power supply to switch off during an incident).

2) AEL5U4b_Gr_Phrasal_Nouns.jmt
Grammar: Nouns Derived from Phrasal Verbs
Matching exercise
Scan the article on p. 29 in your coursebook (Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman) and focus on the bold-faced expressions. They are nouns derived from phrasal verbs. Match them to their more formal synonyms below on the left.

1) improvement				build-up
2) change into a molten state		check-up
3) termination				clean-out
4) purification process			meltdown
5) inspection				shutdown
6) heating				upgrade
7) accumulation (or increase)		warm-up


Key:
1) upgrade = improvement
2) meltdown = change into a molten state
3) shutdown = termination
4) clean-out = purification process
5) check-up = inspection
6) warm-up = heating
7) build-up = accumulation (or increase)

3) AEL5U4b_Gr_Changing_Phrasal_Vb_into_N.jcl
Grammar: Changing Phrasal Verbs into Corresponding Phrasal Nouns
Gap-fill exercise
Fill in all the gaps to change the CAPITALIZED phrasal verbs in the sentences below into corresponding phrasal nouns. Don´t forget to check your answers after you finish.

1
Pressure BUILT UP because the fluid FLOWED IN too quickly and FLOWED OUT too slowly.
= The __________ of pressure took place because the __________ of the fluid was too quick and the __________ was too slow.
2
New software will be ROLLED OUT next week and the new system will START UP soon.
= The __________ of new software will take place next week, and the __________ of the new system will happen soon.
3
Production SLOWED DOWN soon after the new owner TOOK OVER the factory.
= A __________ in production happened soon after the __________ of the factory by the new owner.
4
Problems began soon after the aircraft TOOK OFF and continued until it TOUCHED DOWN.
= Problems (in the aircraft) began soon after __________, and continued until __________.
5
Your equipment is very well SET UP, but the wiring needs to be UPGRADED.
= Your equipment has a good __________, but the wiring needs an __________.
6
With a computer system, if you PUT garbage IN, the system will PUT garbage OUT.
= With a computer system, an __________ of garbage will cause an __________ of garbage.
Sentences from: Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman, p. 28).

Key:
1
Pressure BUILT UP because the fluid FLOWED IN too quickly and FLOWED OUT too slowly.
= The build-up of pressure took place because the inflow of the fluid was too quick and the outflow was too slow.
2
New software will be ROLLED OUT next week and the new system will START UP soon.
= The roll-out of new software will take place next week, and the start-up of the new system will happen soon.
3
Production SLOWED DOWN soon after the new owner TOOK OVER the factory.
= A slowdown in production happened soon after the takeover of the factory by the new owner.
4
Problems began soon after the aircraft TOOK OFF and continued until it TOUCHED DOWN.
= Problems (in the aircraft) began soon after take-off, and continued until touchdown.
5
Your equipment is very well SET UP, but the wiring needs to be UPGRADED.
= Your equipment has a good set-up, but the wiring needs an upgrade.
6
With a computer system, if you PUT garbage IN, the system will PUT garbage OUT.
= With a computer system, an input of garbage will cause an output of garbage.

Sentences from: Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman, p. 28).

4) AEL5U4b_SpecR_CERN_Research.jcl
Specialist Reading 1: What CERN Scientists Hope to Discover 
Read the text below and fill in all the gaps using the words from the drop-down list. You may also find it useful to take some notes on the main points given in the texts in order to form your own opinion on the collider.
Words to fill in:
accounts, by-product, cancelled, concerned, conditions, contributes, discovery, equipment, expanding, fundamental, observable, observe, perceive, predictions, proposed, relativity, requires, suggest, support
The European Organization for Nuclear Research, also known as CERN, is the world's largest particle physics laboratory. That means CERN studies the tiniest particles in the universe. CERN uses some of the world's most advanced ____________ to do this, including the Large Hadron Collider (LHC). By studying the ____________ forms of energy and matter, CERN scientists hope to learn more about how the universe works. Finding out the ____________ that were present just after the Big Bang can explain the physics of our universe now - why our universe is ____________.
During the earliest moments of the universe, matter and energy were coupled. Just after matter and energy separated, particles of matter and antimatter annihilated each other. If there had been an equal amount of matter and antimatter, the two kinds of particles would have ____________ each other out. But fortunately for us, there was a bit more matter than antimatter in the universe. Scientists hope that they'll be able to ____________ antimatter during LHC events. That might help us understand why there was a miniscule difference in the amount of matter versus antimatter when the universe began.
Our current understanding of the universe suggests that the matter we can observe only ____________ for about 4 percent of all the matter that must exist. When we look at the movement of galaxies and other celestial bodies, we see that their motions ____________ there's much more matter in the universe than we cannot detect. Scientists named this undetectable material dark matter. Together, ____________ matter and dark matter could account for about 25 percent of the universe. The other three-quarters would come from a force called dark energy, a hypothetical energy that ____________ to the expansion of the universe. CERN scientists hope that their experiments will either provide further evidence for the existence of dark matter and dark energy or provide evidence that could ____________ an alternate theory.
As far as the actual structure of our universe is ____________, scientists ____________ a theory called the Standard Model, which combines elements from Einstein's theory of ____________ with quantum theory. The Standard Model of particle physics says everything in the Universe is made from the most basic building blocks called fundamental particles, that are governed by four forces: gravity, electromagnetic, weak nuclear and strong nuclear.
The Standard Model makes several ____________ about the universe, many of which seem to be true according to various experiments. But there are other aspects of the model that remain unproven. This is why the ____________ of the “Higgs-like particle” in 2012 was so important. The Higgs boson particle may answer questions about mass. Why does matter have mass? Scientists have identified particles that have no mass, such as neutrinos. Why should one kind of particle have mass and another lack it? Scientists have proposed many ideas to explain the existence of mass. The simplest of these is the Higgs mechanism. This theory says that massless particles gain mass via a force called the Higgs field. This field uses a particle the Higgs boson, which contains relative mass in the form of energy, to interact with these massless particles. If these particles can interact with the Higgs boson, they gain mass and become “heavy”.
If theoretical particles, antimatter and dark energy aren't enough, some scientists believe that the LHC could uncover evidence of other dimensions. We're used to living in a world of four dimensions -- three spatial dimensions and time. But some physicists theorize that there may be other dimensions we can't ____________. Some theories only make sense if there are several more dimensions in the universe. For example, one version of string theory ____________ the existence of no fewer than eleven dimensions. 
Possible doors to alternate universes could be through microscopic black holes, which, according to some CERN theorists, may be created as a ____________ of the LHC operation. However, the issue of the interconnection of the LHC operation and the creation of black holes seems to be controversial and is currently a source of the LHC criticism. To know more about the main two reasons why the LHC project is criticized, read the other article.

Adapted from: 
https://science.howstuffworks.com/science-vs-myth/everyday-myths/what-does-cern-mean-for-future-of-universe.htm
https://science.howstuffworks.com/science-vs-myth/everyday-myths/large-hadron-collider.htm
https://www.wired.co.uk/article/large-hadron-collider-explained

Key:
The European Organization for Nuclear Research, also known as CERN, is the world's largest particle physics laboratory. That means CERN studies the tiniest particles in the universe. CERN uses some of the world's most advanced equipment to do this, including the Large Hadron Collider (LHC). By studying the fundamental forms of energy and matter, CERN scientists hope to learn more about how the universe works. Finding out the conditions that were present just after the Big Bang can explain the physics of our universe now - why our universe is expanding.
During the earliest moments of the universe, matter and energy were coupled. Just after matter and energy separated, particles of matter and antimatter annihilated each other. If there had been an equal amount of matter and antimatter, the two kinds of particles would have cancelled each other out. But fortunately for us, there was a bit more matter than antimatter in the universe. Scientists hope that they'll be able to observe antimatter during LHC events. That might help us understand why there was a miniscule difference in the amount of matter versus antimatter when the universe began.
Our current understanding of the universe suggests that the matter we can observe only accounts for about 4 percent of all the matter that must exist. When we look at the movement of galaxies and other celestial bodies, we see that their motions suggest there's much more matter in the universe than we cannot detect. Scientists named this undetectable material dark matter. Together, observable matter and dark matter could account for about 25 percent of the universe. The other three-quarters would come from a force called dark energy, a hypothetical energy that contributes to the expansion of the universe. CERN scientists hope that their experiments will either provide further evidence for the existence of dark matter and dark energy or provide evidence that could support an alternate theory.
As far as the actual structure of our universe is concerned, scientists proposed a theory called the Standard Model, which combines elements from Einstein's theory of relativity with quantum theory. The Standard Model of particle physics says everything in the Universe is made from the most basic building blocks called fundamental particles, that are governed by four forces: gravity, electromagnetic, weak nuclear and strong nuclear.
The Standard Model makes several predictions about the universe, many of which seem to be true according to various experiments. But there are other aspects of the model that remain unproven. This is why the discovery of the “Higgs-like particle” in 2012 was so important. The Higgs boson particle may answer questions about mass. Why does matter have mass? Scientists have identified particles that have no mass, such as neutrinos. Why should one kind of particle have mass and another lack it? Scientists have proposed many ideas to explain the existence of mass. The simplest of these is the Higgs mechanism. This theory says that massless particles gain mass via a force called the Higgs field. This field uses a particle the Higgs boson, which contains relative mass in the form of energy, to interact with these massless particles. If these particles can interact with the Higgs boson, they gain mass and become “heavy”.
If theoretical particles, antimatter and dark energy aren't enough, some scientists believe that the LHC could uncover evidence of other dimensions. We're used to living in a world of four dimensions -- three spatial dimensions and time. But some physicists theorize that there may be other dimensions we can't perceive. Some theories only make sense if there are several more dimensions in the universe. For example, one version of string theory requires the existence of no fewer than eleven dimensions. 
Possible doors to alternate universes could be through microscopic black holes, which, according to some CERN theorists, may be created as a by-product of the LHC operation. However, the issue of the interconnection of the LHC operation and the creation of black holes seems to be controversial and is currently a source of the LHC criticism. To know more about the main two reasons why the LHC project is criticized, read the other article.

Adapted from: 
https://science.howstuffworks.com/science-vs-myth/everyday-myths/what-does-cern-mean-for-future-of-universe.htm
https://science.howstuffworks.com/science-vs-myth/everyday-myths/large-hadron-collider.htm
https://www.wired.co.uk/article/large-hadron-collider-explained

5) AEL5U4b_SpecR_CERN_Criticism.jcl
Specialist Reading 2: What Is Criticized about the LHC
Read the text below and fill in all the gaps using the phrases from the drop-down list. You may also find it useful to take some notes on the main points given in the texts in order to form your own opinion on the collider.
Phrases to fill in:
	1) Apart from criticizing the process of analysing CERN data
2) but they also say those black holes
3) despite these successes
4) However, what is even worse
5) One of them is Michael Peskin 
	6) only about 30 of them
7) Perhaps the reason is that
8) That might seem like a lot
9) to this problem is the LHC Computing Grid
10) which is limited by the speed of our electronics



Not long ago, the LHC celebrated 10 years of operation, with the discovery of the Higgs boson marking its crowning achievement. Yet, _______, no new particles, interactions, decays, or fundamental physics has been found. _______ most of CERN’s data from the LHC has been discarded forever. Out of every one million collisions that occurs at the LHC, _______ have all of their data written down and recorded.
With 15 petabytes of data gathered by the LHC detectors every year, scientists have an enormous task ahead of them. How do they process that much information? Remember, a petabyte is a million gigabytes; that much data could fill 100,000 DVDs. The data has to be moved into the detector’s memory, _______. Even though the electrical signals travel at nearly the speed of light, we can only “remember” about 1-in-500 collisions. The overall result is that about 1000 events can be saved every second. _______, but in fact it is not because approximately 40,000,000 bunches collide every second.
The nightmare scenario of no new physics beyond the Standard Model appears to be coming true. _______ is the very real possibility that the new physics is there, we have built the perfect machine to find it, we have found it, but we will never realize it because of the decisions and assumptions we have made. We have just fooled ourselves into believing the Standard Model is right, because we only looked at 0.003% of the data that is out there. How do scientists know they are looking at something significant? Even using a supercomputer, processing that much information could take thousands of hours. Meanwhile, the LHC will continue accumulating even more data. 
CERN's solution _______. The grid is a network of computers, each of which can analyze a chunk of data on its own. Once a computer completes its analysis, it can send the findings on to a centralized computer and accept a new chunk of data. As long as scientists can divide the data up into chunks, the system works well. Within the computer industry this approach is called grid computing.
[bookmark: _Hlk114016508]_______, some people fear that the LHC could produce black holes. Black holes are regions in which matter collapses into a point of infinite density. CERN scientists admit that the LHC could produce black holes, _______ would be on a subatomic scale and would collapse almost instantly. In contrast, the black holes astronomers study result from an entire star collapsing in on itself. 
[bookmark: _Hlk114016546]Still, although there is a big difference between the mass of a star and that of a proton, some scientists believe that the danger of creating a black hole is real. _______ from the Stanford University. He explains his theory in detail in his article titled “The end of the world at the Large Hadron Collider?”. If you are interested, you can read it online here: https://physics.aps.org/articles/v1/14 or download it as a pdf text from this Moodle course.

Adapted from: https://medium.com/starts-with-a-bang/has-the-large-hadron-collider-accidentally-thrown-away-the-evidence-for-new-physics-9874d98d6e6a

Key:
Not long ago, the LHC celebrated 10 years of operation, with the discovery of the Higgs boson marking its crowning achievement. Yet, despite these successes3, no new particles, interactions, decays, or fundamental physics has been found. Perhaps the reason is that7 most of CERN’s data from the LHC has been discarded forever. Out of every one million collisions that occurs at the LHC, only about 30 of them6 have all of their data written down and recorded.
With 15 petabytes of data gathered by the LHC detectors every year, scientists have an enormous task ahead of them. How do they process that much information? Remember, a petabyte is a million gigabytes; that much data could fill 100,000 DVDs. The data has to be moved into the detector’s memory, which is limited by the speed of our electronics10. Even though the electrical signals travel at nearly the speed of light, we can only “remember” about 1-in-500 collisions. The overall result is that about 1000 events can be saved every second. That might seem like a lot8, but in fact it is not because approximately 40,000,000 bunches collide every second.
The nightmare scenario of no new physics beyond the Standard Model appears to be coming true. However, what is even worse4 is the very real possibility that the new physics is there, we have built the perfect machine to find it, we have found it, but we will never realize it because of the decisions and assumptions we have made. We have just fooled ourselves into believing the Standard Model is right, because we only looked at 0.003% of the data that is out there. How do scientists know they are looking at something significant? Even using a supercomputer, processing that much information could take thousands of hours. Meanwhile, the LHC will continue accumulating even more data. 
CERN's solution to this problem is the LHC Computing Grid9. The grid is a network of computers, each of which can analyze a chunk of data on its own. Once a computer completes its analysis, it can send the findings on to a centralized computer and accept a new chunk of data. As long as scientists can divide the data up into chunks, the system works well. Within the computer industry this approach is called grid computing.
Apart from criticizing the process of analysing CERN data1, some people fear that the LHC could produce black holes. Black holes are regions in which matter collapses into a point of infinite density. CERN scientists admit that the LHC could produce black holes, but they also say those black holes2 would be on a subatomic scale and would collapse almost instantly. In contrast, the black holes astronomers study result from an entire star collapsing in on itself. 
Still, although there is a big difference between the mass of a star and that of a proton, some scientists believe that the danger of creating a black hole is real. One of them is Michael Peskin5 from the Stanford University. He explains his theory in detail in his article titled “The end of the world at the Large Hadron Collider?”. If you are interested, you can read it online here: https://physics.aps.org/articles/v1/14 or download it as a pdf text from this Moodle course.

Adapted from: https://medium.com/starts-with-a-bang/has-the-large-hadron-collider-accidentally-thrown-away-the-evidence-for-new-physics-9874d98d6e6a


6) AEL5U4b_L_Useless_Colliders.jcl
Listening: Are Colliders Useless?
Gap-fill exercise
Now, you will have a chance to hear another criticism of the LHC and the reasons for it. Go to: https://www.youtube.com/watch?v=W7UOCw-FsIc&ab_channel=PandorasBox and watch the video from 26:06 do 35:20 only. While watching this short extract, fill in all the gaps below. Don´t forget to check your answers after you finish.
FILL IN THE GAPS: “You can´t have infinities without finite boundaries and you can´t have _____________ boundaries without infinities.”

ANSWER THE QUESTIONS:
At the beginning, what does Haramein use to define a finite space? – A circle or a _____________.
What does he put inside the circle? – An _____________ triangle.
What does this triangle represent in a sphere? – A _____________. 

FILL IN THE GAPS:
“Notice that when I polarized the triangle, what happened? Right away, I _____________ a new set of boundaries that´s exactly the same _____________  I started with, but at the next _____________, at the next iteration.
(…)
It´s very important that you understand that each of these boundaries define very specific _____________ in space-time that it that the centre of each of these boundaries is actually on its own very specific coordinates although it´s part of the whole system. Each one is a complete individual because it _____________ from its own very specific _____________ in which no other boundary can observe from.”

TRUE (t) OR FALSE (f)?
The process of doing boundaries and zooming in could continue forever, but the initial boundary would have to be exceeded. _____________
It is possible to have an infinite amount of information inside the boundary of a finite space. _____________

FILL IN THE GAPS: “If the _____________ scientific _____________ understood this, we would stop building _____________.”

TRUE (t) OR FALSE (f)?
Some years ago, scientists thought that an atom was the smallest thing ever because they didn´t have any instruments to observe even smaller particles. _____________
If the machine at CERN is turned on, perhaps there is going to be a shortage of energy in Europe. ________
Trying to find the smallest particle is useless because there´s an infinite amount of division possible, so there will always be a smaller particle. _____________
A fundamental particle is more important than a fundamental pattern of division. _____________
Maybe there´s some fundamental geometry that divides the space. _____________

Key:
FILL IN THE GAPS: “You can´t have infinities without finite boundaries and you can´t have finite boundaries without infinities.”

ANSWER THE QUESTIONS:
At the beginning, what does Haramein use to define a finite space? – A circle or a sphere.
What does he put inside the circle? – An equilateral triangle.
What does this triangle represent in a sphere? – A tetrahedron. 

FILL IN THE GAPS:
“Notice that when I polarized the triangle, what happened? Right away, I defined a new set of boundaries that´s exactly the same geometry I started with, but at the next scale, at the next iteration.
(…)
It´s very important that you understand that each of these boundaries define very specific coordinates in space-time that it that the centre of each of these boundaries is actually on its own very specific coordinates although it´s part of the whole system. Each one is a complete individual because it observes from its own very specific perspective in which no other boundary can observe from.”

TRUE (t) OR FALSE (f)?
The process of doing boundaries and zooming in could continue forever, but the initial boundary would have to be exceeded. FALSE
It is possible to have an infinite amount of information inside the boundary of a finite space. TRUE

FILL IN THE GAPS: “If the mainstream scientific community understood this, we would stop building accelerators.”

TRUE (t) OR FALSE (f)?
Some years ago, scientists thought that an atom was the smallest thing ever because they didn´t have any instruments to observe even smaller particles. T
If the machine at CERN is turned on, perhaps there is going to be a shortage of energy in Europe. T
Trying to find the smallest particle is useless because there´s an infinite amount of division possible, so there will always be a smaller particle. T
A fundamental particle is more important than a fundamental pattern of division. F
Maybe there´s some fundamental geometry that divides the space. T
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