AEL5 Unit 4a: Shutdown
Printer-friendly version of exercises + key to exercises
1) AEL5U4a_R_LHC_facts_scanning.jcl
Facts about the LHC
Gap-fill exercise
Scan the text quickly to find the answers to the questions. You will need just one word per gap. Unlike other tasks, this one has a time limit set: you have 12 minutes to complete the task.
NB: Scanning means reading a text quickly to find the information you need and ignoring all the remaining facts.
The Large Hadron Collider (LHC) is a massive ring of superconducting magnets used to detect and study subatomic particles. The LHC's circumference measures 27 kilometers (16.8 miles) around. The accelerator tubes and six collision chambers equipped with particle detectors are 100 meters (328 feet) underground underneath the French-Swiss border. Based in northwest Geneva, this largest particle physics laboratory in the world is operated by the European Organization for Nuclear Research, known as CERN. The acronym comes from the French translation of the institute — Conseil Européen pour la Recherche Nucléaire. In 2019, the laboratory had 2,660 staff members, and hosted about 12,400 users from institutions in more than 100 countries.
The project took a quarter of a century to implement; its planning began in 1984. Thousands of scientists and engineers from dozens of countries were involved in designing, planning, and building the LHC. The cost for materials and manpower was nearly $5 billion, which does not include the cost of running experiments and computers. The operating costs of the LHC facility are also huge. CERN estimates that the annual power consumption for the collider is about 800,000 megawatt hours (MWh) of electrical energy, which is almost $30 million per year in electricity bills.
The energy consumption is not surprising at all, though. Before colliding, two high-energy particle beams move within the LHC clockwise and anticlockwise. These beams of protons are accelerated by 9,600 super-conducting electromagnets, so these particles travel at 99.99 percent the speed of light. The magnets are very large, weighing between 20 and 30 tons. They must be cooled to 1.9 degrees Kelvin (-271.25 Celsius or -456.25 Fahrenheit), which is colder than the vacuum of outer space. This cooling to the temperature to just above absolute zero is necessary for the super-conducting magnets to operate at peak efficiency, that is, without any electrical resistance. The LHC uses 10,800 tons (9,798 metric tons) of liquid helium to cool the magnets.
It was this liquid helium that caused a huge problem in September 2008. The collider had to be shut down nine days after its opening, as a result of a leak of helium from one of the super-conducting magnets, which set off an explosion in the tunnel. Fortunately, the tunnel was later repaired and in 2012, the anticipated Higgs boson was discovered.
Adapted from: 
https://www.britannica.com/technology/Large-Hadron-Collider
http://www.planet-science.com/categories/over-11s/technology/2011/01/large-hadron-collider-explained.aspx
https://science.howstuffworks.com/science-vs-myth/everyday-myths/large-hadron-collider.htm

1. How deeply is the accelerator buried under the French-Swiss border? – _________ meters underground
2. How many beams of protons are accelerated before they collide? – _________
3. How many collision chambers are there? – _________
4. How many electromagnets are used to accelerate the proton beams? – _________
5. How much did the construction of the LHC cost? – Almost _________ billion dollars
6. How much electricity does the collider consume annually? -  About _________ megawatt hours (MWh) of electrical energy
7. How much liquid helium is used to cool the magnets? - _________ tons
8. To what temperature must the super-conducting electromagnets be cooled? – To minus _________ Fahrenheit
9. What is the circumference of the LHC? - _________ kilometres
10. What is the maximum weight of an electromagnet? – _________ tons
11. What is the shortcut for the European Organization for Nuclear Research? – _________
12. What is the speed of the accelerated proton particles? – Nearly the speed of _________
13. What type of particles does the LHC detect and study? – _________ particles
14. When did the explosion occur in the LHC tunnel? – In _________
15. When was the Higgs boson discovered? – In _________

Key:
1. How deeply is the accelerator buried under the French-Swiss border? – 100 meters underground
2. How many beams of protons are accelerated before they collide? – 2
3. How many collision chambers are there? – 6
4. How many electromagnets are used to accelerate the proton beams? – 9,600
5. How much did the construction of the LHC cost? – Almost 5 billion dollars
6. How much electricity does the collider consume annually? -  About 800,000 megawatt hours (MWh) of electrical energy
7. How much liquid helium is used to cool the magnets? - 10,800 tons
8. To what temperature must the super-conducting electromagnets be cooled? – To minus 456.25 Fahrenheit
9. What is the circumference of the LHC? - 27 kilometres
10. What is the maximum weight of an electromagnet? – 30 tons
11. What is the shortcut for the European Organization for Nuclear Research? – CERN
12. What is the speed of the accelerated proton particles? – Nearly the speed of light
13. What type of particles does the LHC detect and study? – Subatomic particles
14. When did the explosion occur in the LHC tunnel? – In September 2008
15. When was the Higgs boson discovered? – In 2012

2) AEL5U4a_L_Inside_LHC.jcl
Listening: Inside the Large Hadron Collider
Gap-fill exercise
Watch the video and fill in all the gaps below. Don´t forget to check your answers after you finish.
Video: https://www.youtube.com/watch?v=d_OeQxoKocU&ab_channel=BBCNews

TRUE OR FALSE? (T x F)
The entire CERN facility is open to visitors. ________
ANSWER THE QUESTIONS
What temperature are the magnets cooled to? ________ degrees Celsius
How many beams are there? ________
What conditions are CERN scientists trying to create? ________ to those at the birth of the ________.
Four experiments are mentioned in the video. Which of them is described in detail? The ________ experiment 
TRUE OR FALSE? (T x F)
According to the guide, the CMS system does not seem to be very compact. ________
FILL IN THE GAPS:
“It´s these even smaller ________ that the CMS can ________. It´s an enormous ________ that looks for the fundamental building ________ of the universe by using even higher energy collisions. The CERN scientists hope to find other particles and explain mysteries like dark energy and dark ________, which makes up ________% of the matter in our universe. This is big science ________ on the tiniest of scales.”

Key:
TRUE OR FALSE? (T x F)
The entire CERN facility is open to visitors. False
ANSWER THE QUESTIONS
What temperature are the magnets cooled to? 271 degrees Celsius
How many beams are there? 2
What conditions are CERN scientists trying to create? Similar to those at the birth of the universe.
Four experiments are mentioned in the video. Which of them is described in detail? The CMS experiment (the Compact Muon Solenoid) 
TRUE OR FALSE? (T x F)
According to the guide, the CMS system does not seem to be very compact. True
FILL IN THE GAPS:
“It´s these even smaller particles that the CMS can detect. It´s an enormous sensor that looks for the fundamental building blocks of the universe by using even higher energy collisions. The CERN scientists hope to find other particles and explain mysteries like dark energy and dark matter, which makes up 95% of the matter in our universe. This is big science performed on the tiniest of scales.”

Transcript:
Welcome to the largest particle physics laboratory in the world. Right now, you are standing inside CERN, the European Organization for Nuclear Research, and you´ve got a view of what very few people will ever see. We´re about a hundred meters beneath the Swiss-French border and above you is just one of the experiments at the Large Hadron Collider itself, the largest machine in the world. In a few minutes, we´ll head up there, yep, on that cherry picker, to see what happens when you smash particles together at close to the speed of light. But before that, let me show you what kind of kit you need to get things going that fast. So here we are walking along part of the long circular tunnel that houses the LHC and that´s it. Next to you, that is the Large Hadron Collider. That collection of magnets, it´s a twenty-seven-kilometre-long loop. There are four experiments on the LHC and ten accelerators in the complex which together accelerate bunches of particles up to close to the speed of light. Each section in the tunnel performs a very specific function from cooling things down to minus 271 degrees Celsius, or focusing the beam, more specifically beams, that fly around the ring because there are actually two pipes running in opposite directions. And so eventually, you can smash the two sets of circulating beams together and create conditions similar to those at the birth of the universe. So, would you like to see what that looks like? Yes! I thought so. Me, too. 
This cavern contains the CMS experiment, the Compact Muon Solenoid, although there’s nothing compact about it if you ask me. This is one of the places that helped to discover the Higgs boson. So that big shiny pipe above you is connected to the tunnels that we were just in and when the beams of particles are going fast enough, tiny adjustments are made to bring those two beams together until right here they collide. In an instant, the particles are smashed to pieces and it´s these even smaller particles that the CMS can detect. It´s an enormous sensor that looks for the fundamental building blocks of the universe by using even higher energy collisions. The CERN scientists hope to find other particles and explain mysteries like dark energy and dark matter, which makes up 95% of the matter in our universe. This is big science performed on the tiniest of scales.
https://www.youtube.com/watch?v=d_OeQxoKocU&ab_channel=BBCNews

3) AEL5U4a_L_R_Problems_w_LHC.jcl
Listening/Reading: The Problem with the LHC
Gap-fill exercise
Listen to an engineer talking about the problems with the LHC and answer the following questions. You can either listen to the recording or read Transcript 10 on p. 120 in your book (Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman).

What is the main function of the super-conductive magnets?  ̶  To create a magnetic ________ powerful ________ to ________ the proton beams and ________ them at the speed of light around the tunnel
What were the two immediate effects of the spark of electric arc?  ̶  It ________ the helium container and ________ the liquid helium
Which equipment failed to prevent the pressure from rising?  ̶  The pressure ________ failed to ________.
 Why?  ̶  Because the expansion ________too ________.
Why were many other magnets in the tunnel damaged?  ̶  Because of the shock ________ of the ________, and because the magnets were all ________ together

LISTEN AGAIN AND TYPE IN THE NUMBERS:
________ metres – the length of the magnets
________ amps – the electrical current flowing through the magnets
________ seconds – the time it took for the explosion to happen
________-30 tonnes – the weight of the magnets
________ metre – how far the explosion lifted the magnets up off their mountings
Adapted from: Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman, p. 26.

Key:
What is the main function of the super-conductive magnets?  ̶  To create a magnetic field powerful enough to bend the proton beams and propel them at the speed of light around the tunnel
What were the two immediate effects of the spark of electric arc?  ̶  It punctured the helium container and vaporised the liquid helium
Which equipment failed to prevent the pressure from rising?  ̶  The pressure valve failed to open.
 Why?  ̶  Because the expansion happened too quickly.
Why were many other magnets in the tunnel damaged?  ̶  Because of the shock wave of the explosion, and because the magnets were all connected together
LISTEN AGAIN AND TYPE IN THE NUMBERS:
15 metres – the length of the magnets
10,000 amps – the electrical current flowing through the magnets
0.33 seconds – the time it took for the explosion to happen
20-30 tonnes – the weight of the magnets
0.5 metre – how far the explosion lifted the magnets up off their mountings
4) AEL5U4a_ Gr_Phrasal_verbs_nouns.jmt
Phrasal Verbs and Nouns Derived from Them
Matching exercise
Read transcript 10 on p. 120 in your coursebook carefully (Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman) and find all phrasal verbs + all nouns derived from them. While searching for the phrasal verbs and nouns, match the two parts of phrasal verbs and verbs derived from them below. Small letters are used for phrasal verbs while nouns are CAPITALIZED. Finding all these words in the transcript will definitely help you to complete the task successfully. 
	set
	BURST

	build
	down

	cool
	down

	melt
	down

	set
	DOWN

	close
	down

	OUT
	off

	BUILD-
	open

	MELT
	up

	break
	up

	break
	up

	lift
	UP


Key:
	set
	up

	build
	up

	cool
	down

	melt
	down

	set
	off

	close
	down

	OUT
	BURST

	BUILD-
	UP

	MELT
	DOWN

	break
	open

	break
	down

	lift
	up


5) AEL5U4a_ Gr_Phrasal_verbs_oneword.jmt
Phrasal Verbs and Their One-Word Equivalents
Matching exercise
Read the article in Task 7 on p. 27 of your coursebook (Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman). It gives a detailed explanation of the problem occurring soon after the opening of the collider in 2008. You can see that there are lots of phrasal verbs in the text. Match them with their one-word synonyms listed below on the left.
	allow to escape
	bring down 

	eliminate
	bring about 

	lower
	carry out

	cause
	keep down

	close
	let out

	trigger
	rule out

	maintain at a low level
	set off

	perform
	shut down



Key:
	allow to escape
	let out

	eliminate
	rule out

	lower
	bring down

	cause
	bring about

	close
	shut down

	trigger
	set off

	maintain at a low level
	keep down

	perform
	carry out



6) AEL5U4a_Rewriting_Sentences.jcl
Rewriting Sentences
Gap-fill exercise
Rewrite sentences below to give the same meaning, replacing the CAPITALIZED words and phrases with phrasal verbs listed below:

speed up, carry out, clean up, bring down, slow down, let in, take up, put off, let out, keep down, use up

Sometimes you will need to change the grammatical form of the phrasal verb. Important: write only one word per gap.

1
We´ve got to REDUCE the gas pressure quickly to just above zero and we need to MAINTAIN IT AT THAT LOW LEVEL for as long as we can.
We’ve got to ______ ______ the gas pressure quickly to just above zero, and we need to ______ it ______ for as long as we can.
2
The chief engineer has decided not to DO the equipment test today, but to POSTPONE it until tomorrow because it will CONSUME too much valuable time.
The chief engineer has decided not to ______ ______ the equipment test today, but to ______ it ______ until tomorrow, because it will ______ ______ too much valuable time.
3
I´d like you to DECELERATE the motor by a few rpm for a moment and then ACCELERATE it again by the same number of rpm.
I’d like you to ______ the motor ______ by a few rpm for a moment, and then ______ it ______ again by the same number of rpm.
4
The valve at the top of the tank ALLOWS the fluid to ENTER, while the one at the bottom PERMITS it to ESCAPE.
The valve at the top of the tank ______ the fluid ______, while the one at the bottom ______ it ______.
5
After CONSUMING all the oil, there will be no more left in the tanks. 
After ______ ______ all the oil, there will be no more left in the tanks.
6
The oil leak must be CLEANED COMPLETELY because we do not want anyone to slip. 
The oil leak must be ______ ______ because we do not want anyone to slip and hurt themselves. 

The first four sentences from: 
Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman, p. 27.

Key:
1
We’ve got to bring down the gas pressure quickly to just above zero, and we need to keep it down for as long as we can.
2
The chief engineer has decided not to carry out the equipment test today, but to put it off until tomorrow, because it will take up too much valuable time.
3
I’d like you to slow the motor down by a few rpm for a moment, and then speed it up again by the same number of rpm.
4
The valve at the top of the tank lets the fluid in, while the one at the bottom lets it out.
5
After using up all the oil, there will be no more left in the tanks.
6
The oil leak must be cleaned up because we do not want anyone to slip and hurt themselves. 

The first four sentences from: 
Bonamy, D. (2013). Technical English Level 4 Coursebook. Pearson Longman, p. 27.
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