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INTRODUCTION


Space has the power to inspire and fascinate all of us on Earth, and the history of astronomy has been one of solving puzzles, one after another, as astronomers and scientists have attempted to understand the Universe’s many mysteries. The Royal Observatory, in Greenwich, London, occupies an important place in that story, as it encouraged astronomical innovation for hundreds of years and came to define time and place for the world. The Observatory’s rich history and collections have provided the inspiration for this book of brain-teasing astronomical puzzles. 


A BRIEF HISTORY OF ROYAL OBSERVATORY GREENWICH


The Royal Observatory was founded in 1675 when King Charles II appointed an astronomer to chart the stars and produce astronomical data to aid navigation, an important task in an age of long-distance ocean voyages and maritime trade. John Flamsteed was appointed as the first Astronomer Royal and Sir Christopher Wren designed the original Observatory building on top of the hill in Greenwich Park. Over the following centuries, ten successive Astronomers Royal expanded the scope of the Observatory’s work as it encouraged and led developments in astronomy, navigation and accurate timekeeping. In the late nineteenth century, Greenwich Mean Time became the international time standard, and the Greenwich Meridian was selected as Longitude 0° 0’ 0’’, the Prime Meridian of the World. 


After the working observatory was moved away from London in the 1940s, the historic buildings were opened to the public in 1960. Today they are part of Royal Museums Greenwich and welcome thousands of visitors each year to discover the Observatory’s rich history, walk in the footsteps of the Astronomers Royal and stand on the Prime Meridian. The Astronomy team continue to encourage understanding of the latest astronomical developments through courses and educational workshops, and guide visitors on inspiring journeys through the Universe in the Peter Harrison Planetarium. 


This book contains over 100 puzzles, all of which have been inspired by the Royal Observatory’s history and collections, including astronomical instruments, star charts, clocks, famous astronomers and their discoveries. You will also explore some of the latest astronomical theories and achievements in space exploration as your general knowledge and problem-solving skills are put to the test. 


Try the puzzles in any order you like – some may be trickier than others, but you can always try again when you have picked up a bit more astronomical knowledge from elsewhere in the book. By the time you have solved them all, you will have been on a fascinating journey through space and time and unravelled some of the many mysteries of the Universe! 




CHAPTER 1


TIME AND PLACE


Since the earliest times humans have looked to the skies to keep track of time and work out their location. In this chapter, put your knowledge to the test as you solve quizzes, number puzzles and anagrams about time and place. Discover how our knowledge has developed through the ages, from astrolabes to navigational charts and from sundials to Greenwich Mean Time.




NAVIGATIONAL TOOLS
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An instrument used for telling the time at night by measuring the position of the Great Bear or Little Bear constellations relative to the pole star. These devices are known to have been used since the tenth century, but this version was made in England in the 1600s.


Each of the clues on the next page describes a tool used by early navigators to find their position at sea, calculate the time, or keep track of astronomical findings. Work out what device each clue is describing, then enter it into the boxes opposite, one letter per box.


One letter is shared by all of the solutions, indicated by shining yellow squares. When completed, the letters in the starred squares will reveal, from top to bottom, the name of a lunar event that helped early astronomers to create detailed predictions of the positions of celestial bodies. 


1. An ancient instrument used for calculating the height of celestial bodies above the horizon, prior to the invention of the device in clue 6


2. A device that uses magnetic forces to find north


3. Now commonly used to describe any annually published handbook, this record of statistical information comes from the Spanish-Arabic word for the device described in clue 11


4. A time-telling device that relies on shadows cast by the nearest star to Earth


5. This device consists of a large red sphere, which drops from its position at the Royal Observatory in Greenwich every day at 1 p.m. local time


6. A larger and more popular version of the device in clue 7, whose dimensions were determined by being one sixth of a circle


7. A device used for measuring the height of celestial objects, whose name derives from its shape, which is one eighth of a circle


8. A marine map


9. A primitive device thrown from ships to determine their speed at sea


10. A device used for measuring the time at night; this word is now most commonly used to describe animals that are active at night


11. A tool commonly used today to keep track of days, weeks and months
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MULTITASKING MACHINES


The astrolabe is an astronomical instrument that was invented in ancient Greece and further developed by Islamic scholars during the Middle Ages. Before the development of modern technologies, astrolabes were incredibly useful astronomical calculators with many different applications. By lining up the different rotating parts of the instrument, astronomers could use astrolabes to calculate the time and date, the position of the Sun and stars, and to measure angles. They were also used to make astrological predictions and, by the fi fteenth century, to aid in celestial navigation. 
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An astrolabe believed to date from the 1550s. It was made in the Belgian city of Leuven by a monk named Michael Piquer.


An astronomer has collected notes on a set of observations, hoping to use their findings to create a nautical chart. The astronomer has recorded details on three constellations during three different seasons, and also noted the level of the tide – either high or low – during each observation. Their notes are unclear, however, so it is up to you to try and work out what three combinations of night-sky constellation, season and tide were recorded.


Here is what you are able to discern:


• Leo was not observed at low tide


• Only notes on two constellations were taken at high tide


• Scorpius was seen in the dry season


• Cassiopeia was not observed during the rainy season


• The constellation viewed during harvest season was observed when the tide was in


Once you have made sense of it all, fill out this table of observations:






	CONSTELLATION
	SEASON (RAINY/DRY/HARVEST)
	TIDE (HIGH/LOW)






	 
	 
	 






	 
	 
	 






	 
	 
	 







MAP OF WINDS AND MAGNETISM


The map on pages 10–11 was made around 1715 and focuses on the Pacific Ocean. Arrows and finely engraved lines provide information about trade winds and wind directions at certain times of the year and isogonic lines at five-degree intervals detail magnetic variation, or the angle of variation between magnetic north, on a compass, and true north. The isogonic lines connect positions where the magnetic variation was the same at that point in time. Isogonic lines were a relatively new inclusion on charts at this time, having been first introduced by astronomer Edmond Halley 15 years earlier. 


Use the excerpt from the map overleaf, and your general knowledge, to answer the following questions:


1. An inscription on the map notes a line that it calls the ‘first meridian’. Which island does it say is used as a reference point?


2. Nearest to which marked ‘line of variation’ can you find a label that appears to describe two seemingly contradictory weather phenomena? The label is located in the middle of the Atlantic Ocean.


3. According to this map, how many degrees of variation from north would be shown on a compass in the ‘Bermudas’? 


4. Which line of longitude marked with a vertical line on the map corresponds most closely to the modern Greenwich meridian?


5. What degree of variation is shown by the line running through the area where modern-day Argentina is located?


6. What is the approximate difference in compass variation between the Azores and the island of Tristan da Cunha?


7. On which island shown on the map, long-since connected to the mainland with bridges, would a compass show approximately 8 degrees of west variation?


8. When spring begins in Brazil, what direction does the coastal wind blow, according to the map?


Overleaf: A section of a chart detailing wind directions, trade winds and magnetic variation between 50 degrees north and 50 degrees south of the equator, focusing on the Pacific Ocean. Made by London-based cartographer Herman Moll in around 1715.
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PRIME MERIDIANS


Before Greenwich was chosen as the location of the international prime meridian in 1884, map-makers were at liberty to choose any line of longitude as a prime meridian for their map. 


The map opposite has five historical meridians marked on it, each of which was frequently chosen as a prime meridian. The dots on each line mark the place each meridian is named after. 


Can you use your geographical knowledge to guess the name given to each meridian, then write those names in the boxes below, with one letter per box. Each line has a clue to help you, and some letters are already given.


When complete, the letters marked in yellow will spell out the name of another common prime meridian, which continued to be used by its home nation until 1911 after it abstained from voting in the 1884 conference.


1. Island country
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2. Group of islands
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3. Group of islands
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4. City borough
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5. Body of water C E
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PRIME EXAMPLE 
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The prime meridian, marking longitude 0°, illuminated at night at the Royal Observatory in Greenwich. The meridian passes through a large, specially constructed telescope called the Airy Transit Circle, built in 1850 by the seventh Astronomer Royal, Sir George Biddell Airy.


Can you rearrange the order of the meridians below to reveal the names of eight countries or continents through which the Greenwich Prime Meridian passes? For example, you might insert meridian 5 before the first column, so that the first line starts with ‘RN’, the second with ‘PI’, and so on.
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TIME AND TIDE
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Rock, in Cornwall, at low tide, c.1906.


Ocean tides are produced by the gravitational pull of the Moon and the Sun upon the Earth. The frequency of tides depends on the passage of the Moon around the Earth – in most places around the world there are two tides each day, which vary in time by just under an hour a day. The height of the tide in a particular place depends on the coastline and nearby continental shelf, which is why the effects of the tides are more apparent on the coast than in the middle of the ocean. It is often not realised that air and landmasses also move due to tidal forces, sometimes experiencing a metre of vertical shift!


Sixteen different words have been jumbled up in the puzzle below. Eight of them describe tides, and eight describe times or periods of time. Each line contains both a time and a tide, with all of its letters in the correct order – but the two words have then had their letters mixed in among one another.


To help you, in each pair the ‘time’ word and the ‘tide’ word both have the same number of letters. How quickly can you find all 16 words?


MODIRUNRINANLG


NONOEANP


SMPIRNINUGTE


MSONLATCHK


DEABBY


NFLIGOOHDT


WHEIGEHK


NOLWOW


Once you have found all eight tide-related words, see if you can classify them as follows:


1. Join six of them into three pairs of ‘opposites’.


2. Which word indicates a cycle of one high and one low tide in a day?


3. Which word describes a lack of tidal flow?


ISLAND TIME


A meridian is a line of longitude that divides Earth between east and west. Longitude is measured in degrees from the Prime Meridian in Greenwich. Because it is a distance in Earth’s daily rotation, the difference in longitude between two places can also be thought of as the difference in their local times. A 15-degree change in longitude is equivalent to a time difference of one hour or, put another way, Earth turns through one degree of longitude every four minutes. 


On this map of a fictional land, lines of latitude and longitude have been marked alongside a prime meridian. The bold lines of longitude are separated at 15-degree intervals, as they often are on global maps. Can you use both the map and your knowledge of time and longitude to answer the following questions?


1. What is the time difference between locations A and B?


2. At which labelled point do the clocks show a time 30 minutes ahead of the prime meridian?


3. How many degrees of longitude separate points C and G?


4. If the time at point G is 6.30 p.m., what is the time at point D?


5. If the time at the prime meridian is 4 a.m., at which location is it 8.30 a.m.?


6. A sailor is 75 degrees east of point A, whose local time is 3 p.m. What is his labelled location, and what is the local time at this labelled location?


7. A sailor calculates the time at his location to be 1.46 a.m. His clock, set at prime meridian time, shows 9.46 p.m. on the previous day. Which labelled location is he at?


8. A sailor travels from a port at point B to a port at point G. The journey takes ten hours, and his watch, set to the prime meridian time, shows 7.55 a.m. when he leaves. 


• What is the local time at port B when he departs?


• What is the local time at port G when he arrives?


• Which labelled location shows a local time of 2.55 p.m. when he is halfway through his journey, according to the time travelled?
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LOCAL TIME 
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An early nineteenth-century gold watch that displays both Greenwich Mean Time and another local time.


Before Greenwich Mean Time was used as the standard across the country, towns and cities in the UK kept their own local times. Local time could differ by as much as 20 minutes from London, creating many small time zones. In fact, a standard London time was only rolled out across the UK as a result of train travel, since minor time differences meant that schedules were diffi cult to coordinate, making accidents likely and trains far too easy to miss. Until this point, stations would often have one minute hand for local time and another, smaller hand for London time.


Try mapping out a range of small local time zones on the grid below, according to the following rules:


• Every empty square must contain a number (representing how many minutes ahead of London it is). Some squares already contain numbers, which cannot be changed. 


• Every number must form part of a continuous region of as many squares as that number indicates – so a ‘3’ must be part of a region of 3 squares. Regions are continuous wherever two squares of the same value touch, not counting diagonally.
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