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Reading the time from the Greenwich Clock 

The hour hand goes round the dial once every twelve hours 

in the usual way but the minute and second hands take twice as 

long as is normal. It takes 2 hours for the minute hand to go 

round. At the top of the dial, starting at 12 o'clock, there are 60 

divisions of one minute down to 6 o'clock and another 60 

divisions back to 12 o'clock. The minutes are difficult to read 

because the minute hand shares the same dial as the hour hand. 

In comparison, it is relatively easy to read the second hand. 

The second hand goes round its own dial with 120 divisions, 

marked out in 10 second periods, once every 2 minutes.  

We expect a minute hand to go round the dial once an hour. 

Most people estimate the time from the angle of the minute 

hand but that is misleading when looking at this clock. 

 

2:00 ? 

 

2:15 ? 

 

3:30 ? 

 

3:45? 

 

4:00? 

yes no, its 2:30 no, its 3:00 no, its 3:30 yes 

 



The Greenwich Clock at Towneley 

The Greenwich Clock in the entrance hall at Towneley is a 

reconstruction of one of a pair of clocks presented to the Royal 

Observatory at Greenwich by Sir Jonas Moore in 1676. It was 

made in 1999 by Alan Smith of Worsley, Greater Manchester, 

to show how the original clocks worked. 

The Royal Observatory was founded by King Charles II on 

June 22
nd

 1675 "in order to the finding out of the Longitude of 

places for perfecting Navigation and Astronomy". Moore was 

the King's Surveyor-General of the Ordnance and the main 

driving force behind the foundation of the Observatory. The 

two clocks he presented were essential to the task that would 

eventually lead to the use of Greenwich Mean Time around the 

world. 

 

Sir Jonas Moore (1617-1679) was born 

near Burnley in Higham and was a friend of 

the Towneley family. Richard Towneley 

(1629-1707) was himself a keen astronomer 

and, in 1675, Moore asked Towneley for 

advice on equipping the new observatory.  

 

John Flamsteed (1646-1719), as the first 

Astronomer Royal, was given the job of 

making the astronomical measurements at 

Greenwich. He had visited Towneley Hall 

in 1671 and 1672 and he continued to 

exchange letters with Richard Towneley 

that tell us much about the early years of the 

Royal Observatory. 



One of the first tasks for the new Astronomer Royal was to 

find if the rotation of the earth on its axis was constant at all 

times. This was to be done by timing the apparent movement of 

the stars. Moore agreed to provide a pair of clocks for the 

measurements and Towneley helped in designing what, they 

hoped, would be the most accurate clocks in the world. 

Mechanical clocks driven by falling weights were very 

inaccurate and were only used to measure time to the nearest 

hour until pendulum clocks were invented. Galileo Galilei 

(1564-1642) was the first person to think of using a pendulum 

to control a clock but the first pendulum clock was not 

completed before he died. The first pendulum clocks for sale, 

designed by Christian Huygens (1629-1695), were sold in 

Holland in 1657. These clocks had pendulums only a few 

inches long and were accurate to about 1 minute per day. 

A falling weight attached to a gear wheel of a clock causes 

the gears to move the hands of the clock around a dial. The part 

of the clock called the escapement is continually stopping and 

then releasing the falling weight by locking and freeing a gear 

called the escape wheel. A pendulum swings at a constant rate 

(depending upon the length of the pendulum) and governs the 

escapement and the speed of clock. A pendulum, swinging by 

itself, goes slower and slower until it eventually stops. The 

pendulum is given a push or kick through the clock escapement 

each time it swings to keep the clock going. 

London clock-makers in the 1660s found a 

way to improve on the Huygens design by 

using a form of clock escapement, called an 

anchor escapement from its shape. They used it 

together with a pendulum about 1 metre (39¼") 

long, swinging once every second, hung below 

the clock face. These longcase clocks were 

accurate to about 10 seconds per day. 



By 1675, the accuracy and reliability of longcase clocks 

were well established and the best clocks only needed winding 

once a month. Longcase clocks with 39¼" pendulums and 

anchor escapements would continue to sell well for the next 

two hundred years. 

As early as 1669, Robert Hooke (1635-1703) demonstrated a 

4 metre (13 foot) long pendulum clock to a meeting of the 

Royal Society. A 13 foot pendulum, being four times the length 

of the usual pendulum, swings once every two seconds and it 

was thought this would create a more accurate clock. 

Towneley had also experimented with pendulums longer 

than 1 metre and looked for other ways to improve his clocks. 

Using an anchor escapement, he saw that the second hand of 

the clock moved in jerks. The pendulum continued to swing 

after the escape wheel was locked and the anchor escapement 

caused the gears to reverse a little. The parts of the escapement 

that came in direct contact with the escape wheel were called 

pallets. Towneley designed new pallets that did not make the 

escape wheel jerk backwards. He then claimed to trust his 

clocks to an accuracy of 4 seconds per day. 

Moore employed Thomas Tompion (1639-1713) to build 

two clocks for Greenwich. In November 1675, Towneley wrote 

to Moore describing an experiment to show Moore and 

Tompion that his design for a clock escapement was an 

improvement on the existing ones. Flamsteed reported back to 

Towneley that Moore had approved the design and in January 

1676 sent Towneley a plan of the new observatory. It showed 

the largest room had a height of 20 feet with room for a 13 foot 

long pendulum to be hung above each clock. Finally, on July 

6
th

 1676, Flamsteed wrote from Greenwich to Towneley "We 

shall have a pair of watch clocks down here tomorrow with 

pendulums of 13 foot and pallets partly after your manner". 



This print, showing the Great Room of the Observatory at 

Greenwich, is one of a series of engraving by Francis Place, 

produced for Moore soon after the Observatory's completion. 

The pair of clocks by Tompion are to the left of the door 

with pendulum bobs visible in windows above the dials. 

Flamsteed wrote often to Towneley about the clocks, reporting 

in July 1677 that they were performing well. The clocks were 

made to run for a year between winding but the clocks had 

stopped on a number of occasions during the first year. His 

measurements suggested that the earth rotated at a constant 

speed throughout the year but he still needed the clocks to run 

for a whole year without any alteration to prove it. 

In the event it proved difficult to keep both clocks going. In 

November 1677 one clock stopped for the third time that year. 

Tompion removed the Towneley pallets and escape wheel and 

took them away for modification. The other clock, having run 

for sixteen months, also stopped in the following January and 

Tompion then set both clocks going again with pallets of his 

own design. 



The modified clocks took some time to settle down but in 

July 1678, three years after the clocks first arrival, Flamsteed 

was able to write to Moore that the clocks were in a better state 

than in the previous year. Flamsteed continued to write to 

Towneley until 1688 but the clocks were not mentioned again 

after 1678. His observation books show there were no more 

stoppages of the clocks until they were cleaned in 1682. Once 

the clocks had served their purpose in confirming that the earth 

rotated at a constant speed they only appear in the observation 

books at the time of an eclipse or when they stopped, as in 

March 1687 when "both stood, it being a strong wind". 

Around 1715, George Graham, the successor to Tompion, 

had finally perfected the smoothly running clock escapement 

first envisaged by Towneley. It became known as the dead-beat 

escapement and was used in astronomical clocks for the next 

150 years. The main inaccuracy in the Greenwich clocks was 

due to temperature variations. The length of the pendulum 

expanded when hot and the clocks went slower, when cold they 

went faster. In 1721, Graham also solved this problem by 

designing a pendulum, containing mercury, that compensated 

for changes in temperature. Now the best clocks were accurate 

to 1 second per day and it was no longer thought worthwhile 

using 13 foot pendulums to improve accuracy. 

When Flamsteed died in 1719, his widow removed the 

clocks, claiming they had been his personal property. They 

were sold and converted into domestic longcase clocks with 

39¼" pendulums. One of the clocks has been displayed in the 

British Museum since 1923 and the other returned to 

Greenwich in 1994. They have not been restored to their 

original condition and, before 1999, there had been only one 

attempted reconstruction. This was completed at Greenwich in 

1950 but without the advantage of information from the 

Flamsteed-Towneley letters, unpublished before 1970. 



The reconstruction at Towneley was made by Alan Smith for 

the exhibition The Towneley Time Trials in 1999 and was on 

show at Towneley for a year until July 2000. The Flamsteed 

letters allowed Alan to make reasonable assumptions about 

how the clocks were made.  

The occasional stopping of the clocks gave 

Flamsteed the opportunity to make notes about 

the clocks' construction and pass the notes on to 

Towneley. One letter on February 15
th

 1677 

detailed the gear wheels, particularly showing 

the escape wheel to have 30 pins rather than 30 

teeth. The original clocks still have the same 

gears apart from the escape wheels, which were 

removed and lost when the clocks were 

converted for domestic use. 

A second letter on February 

8
th

 1678 shows the pallets made by Tompion, 

which eventually ran without stopping for four 

years. Flamsteed added a note that the pallets 

"curved backwards, slipping from each other". 

No other details of the pallets or their relation to the escape 

wheel are given. The pallets at the end of a stirrup-shaped rod 

would be attached to the bottom of the pendulum.  

Alan's diagram here shows the most likely shape 

and position of the pallets as seen from above. One 

major difference from normal pendulum clocks is 

that the pendulum swings backwards and forwards, 

not side to side. First the front pallet and then the back pallet 

stops the wheel from turning as the pendulum moves.  

One change in the reconstruction is that, apart from the 

escape wheel, the whole movement is 75% of the original in 

size. 



The clock returned to Towneley in 

August 2007 to become part of the 

permanent collection, thanks to Alan's 

generous gift. The Towneley Hall Society 

also assisted by funding the making of a 

new clock dial and case. The dial was made 

by John Skeavington of Goodacre 

Engraving, Loughborough and is a copy of 

the original Sir Jonas Moore dial now in 

the British Museum. The case, constructed 

of ebonised pine, was made by Mark 

Hopkins of Heywood, Greater Manchester.  

Alan Smith designed the clock case. It 

has a bow window for the pendulum bob, 

providing a clear link with the 1676 

engraving by Place. Windows all round 

show how the clock works, which was 

always the purpose of the reconstruction. 

From the front there is little movement 

to see as the pendulum does not seem to move and the second 

hand remains stationary for almost two seconds. From the side 

the working of the clock becomes clear. The pendulum moves 

backwards and forwards less than ⅔" (about 15 mm.). In the 

middle of each turn one escape wheel pin moves clear of a 

pallet before the other pallet stops the wheel from moving 

further. 

The reconstruction needs to be rewound every three months 

rather than once a year like the Greenwich clocks. This is 

simply because the driving weight would hit the floor well 

before the end of the year. Another difference that needs 

explanation is the material of the pendulum rod. In 1999, this 

was made of wood but now, due to problems with the wood 

warping, the rod is made of aluminium. 



In 2004, The British Museum followed Towneley's lead by 

making a reconstruction of the escapement of one of the 

Greenwich Clocks. Named the "Greenwich Tompion 

Escapement", it was displayed in the Clocks and Watches 

gallery of the museum. The reconstruction was funded by the 

Townley Group, which consists of private donors who support 

various projects undertaken by the British Museum 

 

 

 

 

Further reading 

A more detailed account of the clock can be found in 

"A reconstruction of the Tompion/Towneley/Flamsteed 

'Great Clocks' at Greenwich" by Alan Smith, Antiquarian 

Horology, Vol. 25 No. 2 December 1999, pages185-190. 

A detailed history of the Greenwich clocks can be found in 

"The Tompion Clocks at Greenwich and the Dead-Beat 

Escapement" by Derek Howse, with an appendix by 

Beresford Hutchinson, reprinted from the two quarterly 

issues, December, 1970 and March, 1971 of Antiquarian 

Horology 

The Flamsteed - Towneley letters are given in full in 

"The correspondence of John Flamsteed, the first 

Astronomer Royal" compiled & edited by E. Forbes, L. 

Murdin and F. Willmoth, IOP Publishing, Bristol and 

Philadelphia, Vol. 1 (1995) & Vol. 2 [ 451 onwards] (1997). 



 

How the clock works 

The pendulum swings a complete backwards/forwards cycle 

every 4 seconds. The clock weight pulls to turn the escape 

wheel but is resisted by the pallets linked to the pendulum. 

Once every 4 seconds a pin on the escape wheel is allowed to 

pass between the pallets. There are 30 pins on the rim of the 

escape wheel and after 120 seconds the wheel has made one 

complete revolution. 

Starting the cycle at the bottom of a swing, a pin 

is held up by the front pallet. As the pendulum 

moves backwards, the pin slides off the rounded 

end of the pallet and the wheel turns until the pin 

is stopped by the back pallet. 

The pendulum completes the swing backwards 

and after two seconds has returned to the bottom 

of the swing. Now the pin slides off the back 

pallet and the wheel turns until the following pin 

is stopped by the front pallet. The pendulum continues forward 

before returning two seconds later for the next cycle. 

Most of the time, the second hand is stationary with the flat 

part of the moving pallet sliding over the pin. This creates 

friction and the pendulum would quickly stop were it not for 

energy passed to it from the clock weight. This happens each 

time the escape wheel pin slides off the curved end of a pallet. 

A delicate balance is established between the pendulum, the 

clock weight and the frictional forces, which allows the 

pendulum to continue moving backwards and forwards with an 

amplitude of about 15 mm. 

 


