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What Puts the Curl in a Curling Stone?

by Mark Shegelski

Canadian Curling News, March, 2000 issue

Reprinted with permission

Dr. Mark Shegelski is a social curler, a curious curler, and [an] Associate Professor of

Physics at the University of Northern British Columbia in Prince George. He and his

co-workers, fascinated by the whys of curling, have published four scientific papers on

the physics of the curl in curling. He was recently interviewed by the Discovery Channel

and the CBC's "Quirks and Quarks".
   Any curler knows that a curling rock, rotating counter-clockwise (when viewed from above

and behind) curls to the left. But to a scientist new to the game, it is surprising. Why so?

   Consider an overturned drinking glass sliding over a smooth surface and rotating

counter-clockwise: the glass will curl to the left? No, it curls to the right! This may be

surprising to the curler (ed. note: an empty overturned glass may be even more surprising)

but it is fairly easy for the scientist to explain.

   As the overturned glass slides over the smooth surface, it tends to tip forward.

Consequently the front of the glass pushes harder on the surface than the back does. Thus,

the friction on the front of the glass is greater than the friction on the back. For a

counter-clockwise rotation, the "sideways" motion of the front of the glass is to the left,

so the sideways component of the friction on the front of the glass is to the right, and

the glass curls to the right. You can easily check this out, and when you do, you will see

that the glass does indeed curl opposite to a curling stone.

   Why then is the curl of the curling stone opposite to that of the drinking glass? The

reason is that the friction on the front of the rock is less than the friction on the back.

How can that be? Part of the explanation is the following. Like the overturned drinking

glass, the curling stone tends to tip forward as it slides down the ice, and so the front

exerts a greater pressure on the ice than the back. More pressure on the front means that

the front of the stone causes more melting (momentarily) than the back. Consequently, the

front of the stone will have less friction than the back. For a counter-clockwise rotating

rock, the sideways motion at the back will be to the right, and the friction at the back

(which is greater than on the front) will be to the left, and bingo, there it is. The rock

curls to the left. (See diagram below.)

   Simple, eh? Well, not quite! If that was the whole story, curling rocks would not curl

nearly as much as they do. The friction on the front is not only less than on the back: it

is much less, especially when the rock is slowing down, coming over the hog line and into

the Free Guard Zone or the house. This explains why curling stones curl most at the end of

their motion.

   Due to the motion of the rock over the ice, there will be a momentary melting of the ice

and the formation of a thin film of liquid just beneath the running surface (contact ring)

of the rock. As the rock slides and rotates, the thin contact ring will tend to drag some

of the thin liquid film around it as it rotates. There is a force of attraction between

granite and water: water tends to cling to granite.  Thus, the thin liquid film under the

rock tends to get dragged along with the rock.

   As the rock slows down, this thin liquid film is dragged around the rock, from the back

along the side and eventually to the front. Consequently, the front of the rock will have

even less friction on it than the back (as the rock slows down) and that is why we see most

of the curl happen near the end of the rock's travel.

   These main ideas were the key ingredients in a scientific model I developed, along with

my co-investigators at UNBC. All of the details are given in four papers we published

(three in the Canadian Journal of Physics; the other in the Australian Journal of Physics).

It is important to note that our work was carefully evaluated by other scientists before

publication. We didn't just come up with an idea. Our ideas and calculations were carefully

tested and have passed those tests. That is why we can say, quite confidently, that our

explanation is correct.

   In science, a good model is one where predictions can be tested: our model makes two

significant predictions that have been tested and have passed with flying colours.

   Our model concerns the motion of a rapidly rotating, slowly sliding curling rock (in

curling parlance, a "spinner"). The other concerns the shape of the pattern of contact

between the rock and ice.

   Suppose you took a curling rock and spun it as fast as you could manage, and pushed it

only slightly, so that the rock was rotating very rapidly and sliding over the ice so

slowly that it would only move from one side of the house to the other? What would you see?

   Our model predicted that because the rock was sliding so slowly, the contact ring would

have ample time to drag some of the liquid film around it. In fact, the liquid would be

circling around the rock at an appreciable fraction of its rotational speed. The result

would be that the frictional forces would change so that friction would stop the rock

sliding long before it stopped rotating!

   In conclusion, we tested our ideas by predicting specific results, and these were then

confirmed by experiments that supported our ideas. Why does a curling stone curl the way it

does? Because (1) melting occurs as the rock slides over the ice, and (2) the rock drags

some of the thin liquid film around it as it rotates, making the friction much less at the

front than at the back of the stone, especially when it is in its final feet of travel.
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	In a counter-clockwise rotating rock, the "sideways" motion at the

front is to the left (dashed arrow), and the sideways friction on

the front is to the right (solid arrow). The sideways motion at the

back is to the right, and the friction is to the left. Because the

friction at the back is greater than at the front, the rock curls

to the left.


	 
	References:

[1] "The Motion of a Culing Rock", Shegelski, Niebergall, and Walton,

    CANADIAN JOURNAL OF PHYSICS, volume 74, pages 663-670, 1996.

[2] "The Motion of Rapidly Rotating  Culing Rocks", Shegelski and 

    Niebergall, AUSTRALIAN JOURNAL OF PHYSICS, volume 52, pages 1025-1028,

    1999.

[3] "The Motion of Rotating Cylinders Sliding on Pebbled Ice",

    Shegelski, Niebergall, and Reid, CANADIAN JOURNAL OF PHYSICS, volume

    77, pages 847-862, 1999.

[4] "The Motion of a Culing Rock: Inertial vs. Noninertial Reference

    Frames", Shegelski and Reid, CANADIAN JOURNAL OF PHYSICS, volume 77,

    pages 903-922, 1999.




	Return to  ICING: THE GAME: SCIENCE: INDEX
                   ICING: WELCOME


	Retourner à  ICING: LE JEU: SCIENCE: INDEX
                       ICING: BIENVENUE


	Contact  ICING :  Author / Auteur:  Peter M. Smith
                                 E-mail / Courriel:  psmith@icing.org
                                 Postal mail / Courrier postal:  73 Appleford Road, Hamilton, Ontario, Canada.  L9C 6B5
                                 Telephone / Téléphone:  1 905 389 7781
                                 Fax / Télécopieur:  1 905 318 7515


[image: image3.png]



http://www.icing.org/game/science/shegelsk.htm
[image: image4.jpg]



Kansas City Curling Club

What is Curling? 

What is Curling? 


Watch Video's of the Kansas City Curling Club
If you have a high speed internet connection, watch a few different videos on the Kansas City Curling Club including this 2.5 minute segment (MPG file) produced by Mick Shaffer of KC Metro Sports.
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Brief Description
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Curling is a winter sport played on an indoor ice surface about 142 feet long and 14 feet wide called a 'sheet'. At each end of the ice surface there is a circular target area 12 feet in diameter called the "house". The object for each 4 person team is to deliver (slide) 40 lb. curling 'stones' from one end of the ice surface to the other. The team whose stone is closest to the center of the house (the tee) will score a point (or more if they have more than one stone that is closer to the tee). 

Curling is a strategic game. Your team must position their stones so that they are protected from the opponent's attempts to remove them from the house, while trying to remain close to the tee to score points. As the name of the game implies as well as what makes curling so unique, the stones will curl (i.e. move in an arc) as they travel down the ice surface. This curling action allow a team to draw their stone behind other stones. Each team must be able to "read" the ice to know what will happen to the stone as it is slides down the ice. The team members can help the stone slide further or reduce the curling action by "sweeping" the ice surface. 

Each player delivers two stones, alternating shots with the opposing team. Once all sixteen stones are delivered an 'end' is completed and the team whose stones are closest to the center of the house scores a point for each stone. This process is repeated by delivery the stones back to the other end. There are typically 6 to 8 ends in a game lasting an 1.5 to 2 hours. The team with the most points wins the game.

http://www.kccurling.com/main/Curling101.asp
Curling

Copyright © 2003, Scott M.
Curling is a team sport played on ice. The object of the game is for two teams of four players to slide 42-pound granite rocks down a sheet of ice 140 feet long by 15 feet wide. The rocks are delivered toward the center of a 12-foot diameter target similar to an archery target. The targets are painted into the ice at both ends of the sheet of ice, so the game is played back and forth, usually eight times. Each team positions rocks closest to the center of the targets in an attempt to score more than their opponent.

The ice surface in curling is not flat, but covered in pebbles. This pebbling is done to reduce friction, which allows the granite stones to slide along the ice a farther distance before stopping. The reduction in friction is caused by less of the actual rock hitting the ice. Instead of the whole bottom of the stone coming in contact with the ice, only a part of the rock comes in contact with the ice, therefore reducing surface area and decreasing friction.

The distance that the rock will travel, and where it will come to a stop also depends on how hard the rock is delivered. The speed of the delivery depends on how hard a player pushes out of the hack. A hack is a piece of rubber at the end of the sheet of ice that a player pushes out of in order to throw a stone down the ice. The faster a player pushes out of the hack the greater that the momentum of the rock will be, and therefore the rock will travel farther. Subsequently, the slower that a player pushes out of the hack the less momentum the rock will have, and the rock will not travel as far. It is important for a curler to know with what force to push out of the hack so that they will be able to hit the target at the opposite end of the ice.

The line in which you deliver a stone is also crucial to where the rock is to end up. The game is called curling because the rocks curl as they continue down the ice. The curl is due to the rotation that is put on the rock. A clockwise rotation of the rock causes the rock to move to the right, while a counter clockwise rotation will cause the rock to move to the left. The curling action of the rock is caused by the force of the rock. The rotation on the handle causes the rock to want to move in either direction. A proper turn placed on the rock is also very important. If this is not achieved the rock will likely end up somewhere completely different from where it was intended to go. 

Another factor that effects where a rock will end up is how and when the rock is swept. Sweeping is done with a broom designed for curling. The sweeping action very slightly melts the surface of the ice creating a thin water film, which lowers the friction between stone and ice. This has two effects: the stone does not slow down as quickly and runs further before it stops and the curved path becomes straighter. Therefore the place where the stone stops and its direction can be changed while it is running without touching it. The sweeping of a rock can greatly change the outcome of a rock for these reasons. This is why sweeping is such an important part of the game of curling. The sweeping is done by the players on the team who aren’t throwing a rock at a given time.

Another part of the game of curling is hitting other rocks out of the house. When one rock hits another, very little energy is lost. This is because there is not a large amount of friction between the bottom of the rock and the surface of the ice. As the rocks are circles, where the rock is hit will have an effect on where the stationary stone will go, and where the "shooter" stone will go. If the "shooter" stone hits the stationary stone right in the middle, the shooter stone will not move anywhere, hitting the stationary stone straight back. However if the shooter stone hits the stationary stone anywhere off centre, the shooter stone will roll sideways, and the stationary stone will be hit back on an angle. The greater distance off centre that the rocks make contact with one another, the greater the amount of roll on the shooter stone will be, and the greater the angle back on the stationary stone will be. 

AND THE HISTORY…

The game itself is more than 500 years old and its' true origin is hidden in the mist of time, but it was in Scotland the game evolved during the centuries and also where the mother club of curling, The Royal Caledonian Curling Club was formed in 1838. The game has of course evolved through the years and the latest change on how the game is played was introduced in 1990 when the free guard zone rule was introduced.

This "first curler" must have been intrigued by the way the rock moved and by the grumbling sound it made as it twisted and turned. Other people in the not so distant past have heard this same sound and have applied it as a nickname for the game of curling ... it is often referred to as "the roaring game".

Scots and continental Europeans have engaged in many a lively dispute as to the true origin of curling. Both claim to be founders. Did Scots invent the game, or was it imported by Flemish sportsmen who emigrated to Scotland during the reign of James VI (James I of England)? Did Europeans engage in some early form of curling, and did Scots merely adopt and enhance it? The evidence, based on works of art, contemporary writings, and archaeological finds, has sparked a number of theories, but nothing is conclusive.

Some of the earliest graphic records of a game similar to curling date from 1565. Two oil paintings by the Dutch master Pieter Bruegel, entitled "Winter Landscape with Skaters and a Birdtrap" and "Hunters in the Snow", show eisschiessen or "ice shooting", a Bavarian game played with a long stick-like handle, that is still enjoyed today. Another work, an engraving by R. de Baudous (1575 - 1644) after N. van Wieringen, entitled "Hyems" or "Winter", shows players who appear to be sliding large discs of wood along a frozen water-way. Other sketches from around the same time show a Dutch game called kuting, played with frozen lumps of earth.

The first hand-written record of what could be called an early curling game dates from February, 1540, when John McQuhin of Scotland noted down, in Latin, a challenge to a game on ice between a monk named John Sclater and an associate, Gavin Hamilton.

The first printed reference to curling appears in a 17th century elegy published by Henry Adamson, following the death of a close friend: His name was M. James Gall, a citizen of Perth, and a gentle-man of goodly stature, and pregnant wit, much given to pastime, as golf, archerie, curling and jovial companie. It seems too that the game tempted many people from all walks of life. Records from a Glasgow Assembly of Presbyterians in 1638 accused a certain Bishop Graham of Orkney of a terrible act: He was a curler on the ice on the Sabbath.

By the 18th century, curling had become a common past-time in Scotland. Both the poetry and the prose of the era provide numerous records of bonspiels, curling societies, and curling as a great national game.

The real controversy over the birthplace of the game was initiated by the Reverend John Ramsay of Gladsmuir, Scotland. In his book, An Account of the Game of Curling (Edinburgh 1811), he argued in favor of Continental beginnings. His research into the origins of curling words (examples: bonspiel, brough, colly, curl, kuting, quoiting, rink, and wick), led him to conclude that they were derived from Dutch or German. Claiming that most of the words were foreign, he wrote, but the whole of the terms being Continental compel us to ascribe to a Contintental origin.

The famous historian, the Reverend John Kerr contested Ramsay's views and campaigned in favor of Scottish beginnings to curling. In A History of Curling (1890), Kerr questioned: if Flemings had brought the game to Scotland in the 1500's, why did Scottish poets and historians make no special mention of its introduction before 1600?. He also saw no proof that many of the terms were Continental, explaining that many were of Celtic or Teutonic origin (examples: channel stone, crampit, draw, hack, hog, skip, tee, toesee, tramp, and tricker).

To add to the puzzle, archaeological evidence of a curling stone (the famous Stirling Stone) inscribed with the date 1511 turned up, along with another bearing the date 1551, when an old pond was drained at Dunblane, Scotland.

The true origin of curling is cloudy, lost in time. There is no doubt or dispute, however, that the Scots nurtured the game. They improved equipment, established rules, turned curling into a national past-time, and exported it to many other countries throughout the world.

http://www.geocities.com/mjlarochelle/more/curling.html
http://www.upscale.utoronto.ca/GeneralInterest/Harrison/Flash/ClassMechanics/Curling/Curling.html
The rotation of the stone is directly related to the direction in which a stone will curl. A stone rotating in a clockwise direction will curl to the right and a rock that is rotating counterclockwise will curl towards the left. What does this mean?  Well, this tells you that there is a difference in the forces felt between the edge that is rotating in the direction of motion of the stone and the other that is rotating in opposition to the rotation of the stone. 
See Diagram #1 below. 
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In order for the stone in Diagram #1 to curl to the right, the opposing side must be experiencing a greater force of friction that the favouring side. A curling stone is supposed to make three to four complete rotations in its total trip. This means that the low rate of rotation has a powerful effect on the nature in which a stone curls. 

Factors Affecting Curl
Factors that affect how much a curling stone curls are the curling stone's running surface and the surface of the ice.
See Diagram #2 below. 

  

                         Diagram #2                   [image: image10.png]‘Botiom of the Curling Stone Surface of the Ioe

|
CentrLine

T’L

Pethle buldup

Sides of the e

‘runnind surface



  

        A flat or unusually 'smooth' surface will tend to curl more towards the last few metres of travel than a stone that has a 'sharper' running surface. It can be explained in terms of the force of friction felt by the different types of running surfaces. The smooth running surface will have less frictional force and will not stop as quickly or will tend to 'slide further' in the last few metres of travel than a sharp stone.  

    The ice surface mainly depends on the way in which the ice is made. Pebbling the ice involves walking down the centre line of the ice, evenly spraying small droplets of water in a side to side motion. As rocks pass over this pebble, they wear it down, and make the surface of the ice flat. Because the majority of curling rocks are thrown down the centre, the pebble on the sides of the ice is rarely worn flat. The pebble gets built up at the sides of the ice, creating a bowl like shape on the surface of the ice. An exaggerated view of this is shown in Diagram #2 above. 

    Suggestions for further study that would provide a greater understanding of the physics of curling are:
        A.    How does the rotation rate affect how much a rock curls?
        B.    Find the static and kinetic coefficient of friction for ice using a Newton force metre and a curling rock. 

  

David D. Babcock [image: image11.png]
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http://www.mycurling.com/Articles/whydoesitcurl.html
History
 

	Curling is a very old scottish sport. It isn't known, when scottish people began playing Curling. But in the Smith Institute in Stirling has a rock with the engraved year 1511 exposed. The first report about a Curling match between two monks stems from Paisley Abbey near Glasgow and is dated February 1541. Someone named Mr. James Gall let on his tombstone engrave in Perth, Scotland, that he was a big Curling fan.

The ancient Scotland was a poor country. [image: image19.jpg]


The Citys hadn't got a lot citizens, no public traffic existed, the land was poor and only within some months useful. So, the only occupation of the Scots was to thrash the British or steal some sheeps of the neighbor's clan. But at all times, they did sports. The hooligans were probably a scottish invention, because 1457, the scottish parliament prohibitted Soccer and Golf (!) because they aroused riots. Curling wasn't endangered by this prohibition allthough the rocks were great to hit an opponent.. 

The first Curling rocks weighted only 2 or 3 kg. They had the design of a hand. And so they were called "loofies" (loof=hand in old english) With the help of the time, the rocks became like today ones. The people called them boulders, gave them a handle and rounded them like the modern rocks . At the beginning, everybody knew, that you must shoo the rockk from A to B, but no precise rules were known. Especially the lenght or width of the rink or the size and the weight of the rock were unknown.. That's why some real boulders appeared in 18th Century. The biggest one, the "Jubilee Stone" had the weight of 58.5 kg. If this would be still so today, Curling would be a sport for strong men. Fortunately, the evolution took another way.

[image: image20.jpg]


The curlers took the "Round Stones" with the weight of approx. 20 kg, but the first stone wich had the today usual hollow grinding was used in 1784 by Mr. Tam Pate. With this hollow grind, he was able to play a twist around a guard. Today we call this curl. Through this late invention, we know, that the word Curling isn't based on the verb to curl, but comes from the old verb to curr (to grumble)

The first Curling club was founded in Kinross, Loch Leven in 1668. The first national association was the Grand Caledonian Curling Club (founded in 1838). In 1843, the club got the privilege to be the Royal Caledonian Curling Club. This Club was the World Federation, till 1966, when the ICF (International Curling Federation) was founded. Since 1991 the ICF is called WCF (World Curling Federation). 

Women are today a matter of course. In example, the German Curling Federation wouldn't be so successful when it wouldn't have women. The first women's Curling club was founded in 1895 and had the name "Hercules". Women got their own world championship in 1979, 20 years after the men. 


 

Copyright 1999 by Damian Amherd & Stefan Hubacher
Please send questions and comments to: damian@bern.crosswinds.net or stefan.hubacher@datacomm.ch
http://library.thinkquest.org/26974/e_history.htm
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Curling Facts, History and How to Play
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 Normal Version
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Things to consider when going curling: 
Teams are made of 4 people (each player throws 2 stones). Two teams play against each other on one "sheet" (lane) of ice. Time can be saved by pre-arranging teams. The four positions are: 

· Lead: Goes first in the throwing order, then sweeps all the other team members' shots - usually has easier shots because there are few stones in play. 

· Second: Throws second and sweeps all other team members' shots - has more difficult shots since some stones in play. 

· Vice: Throws third, holds brush (target) for Skip, and sweeps only Lead's and Second's shots - has difficult shots as a lot of stones are usually in play. 

· Skip: Throws last, holds brush for all other players, tells other players when to sweep, watches the "curl" of the stone - has most difficult shots as all other stones have already been played - team captain.  

You will need a warm sweater and a very, very clean pair of running shoes (not the shoes you walk through the parking lot with) as well as loose fitting pants and perhaps gloves (the idea is warmth with mobility). Stones, brushes, score sheets and special 'curling tape' (for use as a slider) will be provided for you. 

How to Play: 

· At the start of an end, and the game, the two Skips go down to the far house and begin to direct play for their teams (they are team captain). Each team alternates throwing with the other team one stone at a time. Each player throws two stones. When the Lead is delivering the Second and Vice are sweeping as the Skip watches the "line" (curl) of the stone. The sweepers judge the "weight" (how far the stone will travel) while the Skip will yell to them if the stone is curling too much. When the Second throws the Lead and Vice sweep and when the Vice throws and Lead and Second sweep. Finally, when the Skip throws the Vice watches the line from the Skip's position and the Lead and Second sweep. It is not nearly as confusing as it sounds! 

· At the conclusion of an end the two Vices must agree on the score and it is marked on the scoreboard. (Measuring devices are used if the naked eye cannot determine which stone is closer.) At the conclusion of a game the teams shake hands and say "Good Curling".

Brief History of the Sport:
· While it is true that the sport of curling dates back to the 15th century, the modern version (Scottish style) originated in the early 17th century. The oldest Curling Club in North America is Royal Montreal Curling Club (1807).  Curling was always played outdoors, usually on frozen lakes, until the 20th century. Curling was a demonstration sport in the Olympics 4 times (1924, 1932, 1992, 1994) before being admitted as a full medal sport in 1998. Canada has more curlers in total than any other country.

Facts & Finer Points:
· Curling is a game of etiquette - a game is always preceded by a handshake and the expression "Good Curling". Two teams play against each other on one "sheet" of ice and each game is started with a coin toss whereby the winner usually picks to go last. There are four players on a curling team and each player delivers two stones (the four positions are Skip, Vice, Second, and Lead). At the conclusion of an "end" (most curling games are 8 end games; an end is similar to an inning in baseball) the score is determined for that end. A team receives one point for each stone closer to the "tee" (centre) than the opposition (only one team can score in any one end). The team that scores goes first in the next end. 

· A stone must be 6 feet, or closer, to the tee to count for points (this area is called the "house" and is painted as a combination of circles with a total diameter of 12 feet). If no stones are in the house this is called a "blank end" and neither team scores (the team that last scored still goes first in the next end). A stone must cross the "hog line" but be no further than the "back line" to be in play. Curling is played on ice that is very level but has small "pebbles" (droplets of water). The pebble is what the stones curl on (the stone comes into contact with the ice on its "running surface" and the friction, however mild, between the running surface and the pebble makes the stone curl). A curling stone weighs approximately 42 lbs and is made of an especially unique type of granite, which is mined exclusively in Scotland. Curling stones are very expensive: one new stone would cost approximately $1000.00. 

· A stone is delivered from the "hack" and must be released before the stone reaches the closer hog line. The "handle" (turn or spin) is placed on the stone at the point of release (the two turns are called the "in-turn" (clockwise to a right-handed thrower) and the "out-turn" (opposite). A player can re-throw providing the stone has not touched the closer tee line. Sweeping can make a stone go further (about 16 feet), make the stone curl less (run straighter), and cleans any debris from in front (if a stone hits even a tiny piece of debris it will usually curl right out of play). There is no way to slow down a stone or make it curl more. You can sweep your team's stone from the point of release until it stops (you always have priority on your team's stones). You are allowed to sweep an oppositions stone once it reaches the far "tee line". 

· The 3 basic shots in curling are the Draw (a stone that comes to rest in the house), a Guard (a stone that comes to rest short of the house and either protects a stone in the house or is put up first and then curled around later, and the Takeout (a stone with sufficient "weight" to go through the house). 


http://www.citywindsor.ca/000559.asp?PFV=1
http://www.curldc.org/about/basics.php
http://www.curldc.org/about/glossary.php
