
©2013 Erik Illi  

Why A Stone Curls If Properly Thrown 
Erik Illi - Whitefish Curling Club 

 
 
As a novice to the sport, I was surprised to hear from an instructor that no one has figured out why a 
stone curls if properly thrown.   After nearly 500 years of curling history, I figured that someone would 
have come up with a reasonable solution.  While there are several theories circulating out there, there is 
no clear consensus.   I gave this question some thought and I believe I have a satisfactory explanation for 
why a stone curls when properly thrown.  
 
In the following pages, I will give two explanations for the phenomenon - one for the masses and one for 
the more scientifically minded.  I am convinced that if anyone truly understands any idea, they can 
explain it to anyone, even if the topic is very complex.  Two of my favorite thinkers could do it (Richard 
Feynman and C.S. Lewis) and I will attempt to do likewise.  However, a simplified explanation will not get 
into some of the nuances that are only possible with the highly specific terminology that scientists have 
developed over the years. So, I will repeat my explanation a second time to layout my ideas as precisely  
as I may. 
 

The Layman's Explanation 
 
So why does a stone rotating clockwise down the ice eventually curl to the right?  I believe it has to do 
with an imbalance of friction on the running surface of the stone, specifically on the right side.  In other 
words, the stone curls to the right because there is more drag (friction) on the right side as it slides 
down the ice.  You can experience this phenomenon yourself.   Use your slider to glide down the ice on 
your left foot and then lightly touch your right foot (with a gripper) on the ice. Immediately, you will 
start to pull to the right while you also begin to slow.  Alternatively, you can slide down the ice on your 
right foot and then drag your left foot.  In this case, the greater drag (or friction) on the left side will 
cause you to rotate and pull to the left. This is exactly what happens to a stone that is rotating 
counterclockwise.  You have probably also experienced the same thing when rowing a  boat.  Once you 
get up to speed, all you have to do is dip an oar on one side and the boat immediately changes course in 
that direction.  Give it a try and you will see what I mean.  
 
So why is there more drag or friction on one side of the 
stone?  To understand this, you will need to understand a 
couple basic concepts.  The first concept is that part of the 
curling stone is actually not moving compared to the ice as 
it slides along. While this seems hard to understand, let us 
look at the figure to the right. This shows a stone sliding 
and rotating down the ice.  On the right side of the stone, 
the rotation of the stone is actually going the opposite 
direction as the stone is sliding. So on a properly thrown 
stone, the rotating speed exactly counteracts the sliding 
speed.  Thus, there is a portion of the stone on the right 
side that is not moving compared to the ice. 
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Figure 1:  A Stone in Motion 
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While it may be difficult to picture this concept, let me give you a more familiar scenario that shows the 
same idea.  In this scenario, picture yourself running on a treadmill at the local fitness center.  If you are 
running at the right speed, you are actually going nowhere despite all of your huffing and puffing.  In 
other words, the speed that you are running is exactly counteracting the speed of the surface of the 
treadmill.  If you run too slow, then you will move backwards since you are not going fast enough to 
keep up with the surface of the treadmill.  Similarly, if you run too fast, you will move forward since the 
surface of the treadmill is moving slower.  
 
Now let's move back to the diagram of the curling stone.  On the left side of the stone, the rotation of 
the stone adds to the speed of the stone sliding down the ice. So on that side, the running surface of the 
stone is actually moving faster than the middle of the stone. However, on the right side of the stone, the 
rotation of the stone actually subtracts from the speed of the stone sliding down the ice. So with a 
properly thrown stone, the sliding and rotating speeds perfectly counteract on the right side and that 
part of the stone is actually not moving compared to the ice. To be sure, this only lasts for a tiny fraction 
of a second before it rotates away.  However, it is key to understand that this occurs in order to 
understand why a stone curls. 
 
The second concept that you need to understand is that there is more friction when a stone is at rest 
than when the stone is in motion.  This simple idea is one that you have probably experienced when 
moving stones on the ice. It is easier to move a stone that is already in motion than a stone that has 
been sitting for a while. You have also experienced this same idea when you have tried to drive your car 
in icy conditions.  When your tires are spinning, you have a lot less grip on the road than when the tires 
are not spinning.  So when the tires are spinning, they have less friction and when they are not spinning, 
they have more friction.  This is the reason why it is easier to get your vehicle moving on an icy road by 
keeping the tires from spinning.   So, it is also true with curling stones--there  is more friction when the 
stone is not moving than when it is moving.  
 
Now, let us combine the two concepts we have been discussing to understand why a stone curls when 
properly thrown.  In the first concept, I explained that there is a portion of the stone that is not moving 
compared to the ice. While this does not last very long, it does occur. And if that portion of the stone is 
not moving, then our second concept tells us there is higher friction at that spot.  So if there is more 
friction in that spot, then the stone will drag more in that area.  
 
So, a stone rotating clockwise down the ice will pull to the right because of the higher friction on the 
right side of the stone. If the stone is rotating counterclockwise, the same thing will happen, except it 
will pull to the left because the spot of high friction will be on the left side of the stone. 
 
So if this is the theory, how does this work on an actual curling sheet?  When we first throw a stone, it 
tends to run straight because it is sliding a little too fast for the rotation to counteract the sliding speed. 
Once the stone starts to slow down, the rotation will match the sliding speed and the stone will start to 
curl.  As the stone continues to slow, the stone will continue to curl due to the higher friction spot. 
 
So what happens if we do not throw the stone correctly?  If we throw a stone that is rotating too fast (a 
spinner), these shots tend to go straight because the sliding speed of the stone will never be enough to 
counteract the rotational speed.  So there will never be a spot of higher friction to pull the stone to one 
side.  As a result, it will simply go straight. 
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If we do not rotate the stone enough during the throw, the stone will have to travel most of the length 
of the sheet before the sliding speed is slow enough to counteract the slower rate of rotation.  So shots 
like these tend to go straight for most of their length before curling at the very end. 
 
If we get the amount of rotations right, but throw the stone too light, we know that these shots will curl, 
but they will fall short.  After we release the stone, it does not take much distance for it to slow where 
the sliding speed matches the rate of rotation.  So these shots tend to start curling quite quickly and end 
up short and wide of the location where we had hoped they would go. 
 
Finally, if we get the rotations right, but throw a stone a too hard, it will tend to sail straight down the 
sheet of ice. This is because the stone is sliding too fast for the rate of rotation to counteract the sliding 
speed.  So this is why it will not curl, but runs straight.  If the stone does curl, it will only do so after the 
stone has slowed enough and, usually, this is too far down the sheet to matter. 
 
So let me summarize my theory: 
 

1)  When a properly thrown stone is rotating clockwise down the ice, there is a spot on 
the right side of the stone that is not moving on the ice. This is because the rotation of 
the stone cancels out the sliding motion.  
 
2)  At that spot, there is higher friction because it is not moving.   
 
3)  Since there is higher friction at that spot (on the right side of the stone), the stone will pull in 
that direction.  So a clockwise rotating stone will always pull to the right. 
 
4)  The same will be true for a stone rotating counterclockwise, except the spot where the stone 
is not moving will be on the left side.  So the stone will curl to the left instead of to the right. 
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The Scientific Explanation 
 
Now, I want to get into the scientific nitty-gritty of this theory of why a stone curls. In this section, I will 
take you through the same logical process that I took to develop this idea. 
 
To begin, let us look at the free body diagram on the 
right.  In this diagram, these are all of the forces that are 
imparted on a properly thrown stone running down a 
sheet of ice. Obviously, the two vertical forces  
(gravitational and the reaction from the ice) balance out 
and are not directly a factor in why a stone curls. This 
leaves the friction and aerodynamic forces remaining.   
 
Regarding  the aerodynamic force, we can dismiss this 
for two reasons. First, the magnitude of the 
aerodynamic force (a.k.a. aerodynamic drag) is quite 
small at this speed so it will not likely influence the 
movement of a 42 pound stone.   
 
The second reason why we can dismiss the 
aerodynamic force is that the conditions necessary to 
increase the aerodynamic force are inversely 
proportional to the force that would be necessary for a 
stone curl.  As we all know, a stone curls more as it 
begins to slow (see Figure 3).  So whatever is involved with 
causing a stone to curl must increase in magnitude as the 
stone slows.  In other words, the force causing a stone to curl must increase as the stone decreases in 
speed.  With aerodynamic forces, this is exactly the opposite case.  Aerodynamic forces increase as the 
speed increases.  (Whenever you have held your hand outside a car window, you have experienced this 
change in force as you have gone faster or slower.)   Therefore, we can eliminate aerodynamic forces 
since they are proportional to speed and not inversely  proportional as is necessary to cause a stone to 
curl. 
 
 

 

 
While I could have dismissed the aerodynamic force simply due to its small magnitude, I wanted to 
emphasize the fact that the force necessary to cause a stone to curl must increase in order to cause the 
stone to curl more as its speed decreases. This is a key idea to remember as we evaluate any theory as 
to why a stone curls. If a force decreases with speed, then it cannot be the cause for a stone curling. 
Instead, the curling force must increase as the speed (and therefore, the energy in the stone) decreases. 
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Figure 2:  Free Body Diagram 

Figure 3: Trajectory  Of A Curling Shot 
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So if we return to the forces identified in the free body diagram, we have ruled out all of the forces, 
except one, as having an influence on causing a stone to curl. That remaining force is the force of friction 
(or drag) on the stone.  So if friction is the cause of the curl, then there must be an imbalance in the 
friction on the running surface of a stone to cause it to move laterally.  And that imbalance must be 
related to the direction of rotation of the stone since it consistently curls to the right if rotated clockwise 
or to the left if rotating counterclockwise.  So what is causing this imbalance? 
 
The simple answer to this question is the difference between static friction and dynamic friction.  As is 
discussed in any basic level physics text book, there is a difference in the amount of friction when an 
object is at rest and when it is moving.  From our experience running simple tests in our physics classes, 
we know that the amount of friction is higher for an object at rest than it is for the same object in 
motion.   As I discussed earlier, we also have experienced this as we have tried to maneuver our cars 
under icy conditions. So even if there is more friction when an object is at rest, how can this have any 
bearing on a curling stone since it is in motion all the way down the ice? 
 
While this is entirely true, we must remember that the stone 
is both sliding and rotating at the same time.  It is this 
combination that makes it possible for a portion of the stone 
to actually be at rest while the entire stone is in motion. To 
understand this, refer to Figure 4.  
 
Let us look at the right side of the stone.  In this case, the 
rotation of the stone is in the direction opposite of the 
direction the stone is sliding. So if the speed and the rotation 
are correctly matched, then it is possible for a portion of the 
stone to not be moving relative to the ice. In other words, 
there is a part of the stone at rest on the ice despite the 
sliding and rotating of the stone. 
 
Now let us go back to our discussion on friction.  If we have a portion of the stone at rest, then the 
amount of friction at that spot is different than the rest of the stone.   And if it is different, then we have 
an imbalance in frictional forces, an imbalance that could cause a stone to curl.   
 
So in a nutshell, there is a portion of the running surface on a properly thrown stone that is motionless 
relative to the ice. Since this portion is motionless, it has higher friction than the rest of the running 
surface.  On a clockwise rotating stone, this higher friction is on the right side of the stone.  So with 
greater friction on the right side of the stone, the stone will be pulled to the right. This is just like what 
we have experienced on the ice ourselves. 
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Figure 4: A Stone in Motion 
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Getting into the details 
 
Now while this seems pretty simple, the situation becomes more complex as we delve deeper into the 
details.  To begin, let us examine the running surface of the stone. With the right combination of sliding 
speed and rotation, there will only be a single point on the running surface that will be at rest relative to 
the ice.  This will occur on the right side of the stone if it is rotating clockwise.  At other locations nearby, 
there is still some movement relative to the ice since the vector sums of the sliding and rotational 
movements will not quite equal zero.  Even at locations with the same radius, there will still be some 
lateral motion.  So even though we have a single point where we can have static friction, it intuitively 
does not make sense that such a little spot can have a large effect on a stone.  So there must be 
something greater going on than just zero relative motion at a single point. 
 
Let us go back to our discussion on friction.  In our basic physics text books, we were taught that 
scientists had put all of the factors involved in friction into a single mathematical value µ (mu).  And we 
were taught that the value µ times the weight of the stone would result in the amount of frictional drag 
on the object.  And since there was a difference in static friction and dynamic friction, they gave us two 
values, µs and µd, for static and dynamic friction, respectively.  So if an object was at rest, we could 
calculate its friction at rest. The same was true for an object in motion.   So as an object went from rest 
to motion, we were taught that the amount of friction instantaneously changed from its static value to 
its dynamic value. 
 
But the reality is that the effects of friction are not so simple.  Instead of an instantaneous shift, I would 
argue that there are variations in the amount of friction between the stone and the ice, both in motion 
and at rest.  
 
If we think back to the myriad of shots that we have seen on the ice, I believe that our experience will 
indicate that the amount of friction does change during a shot.  When a stone is thrown, it seems like 
the stone maintains its speed well after it has been released.  After the stone has traveled about half 
way down the ice, we can start to see a noticeable change in speed.  About the same time, we also 
begin to see the stone start to curl.  As we approach the house, we see the stone slowing and curling 
more.  At the end, the stone really seems to slow dramatically while also curling the most.  After the 
stone has come to rest, we have also noticed that stones are more difficult to move the longer they are 
left in place.  To be sure, we have seen variations from this, but most of the stones we have seen on 
good curling ice behave this way. 
 
So if we take this as our example, let us look at what this behavior means in terms of friction on the 
stone.  Early in the throw, the stone seems to have little friction acting against it so its value for friction, 
µ, is low. As the stone begins to slow, it seems that the amount of friction is higher.  And as the stone 
gets closer to stopping, it seems that the amount of friction continues to increase until the stone stops.  
After the stone has stopped, the amount of friction seems to continue to increase, but at a slower rate 
than earlier.  In the Figure 5, I have plotted such a representative curling shot where the blue line 
represents the theoretical value of friction while the red shows how the friction might change during a 
shot. 
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To be sure, these values are entirely my invention.  Nevertheless, the point of this discussion is to get 
you, the reader, to think about what you have experienced on the ice.  It does seem like the amount of 
friction changes during the course of the shot and I would submit it is something similar to the red line 
shown in the figure above.  However, you do not need to take my word for it.  Instead, we need to take 
a closer look at what creates the friction between a stone and the ice.  Then later, I will give some 
concrete rationale for the estimated values in the figure above. 
 
Where friction comes from 
 
In simple terms, I believe there  are two primary physical causes for the friction between a curling stone 
and the ice.  The first cause is the physical interference of the ice.  If we were to examine closely the 
surface of a pebbled sheet of curling ice, we would find a surface that is full of bumps, ridges and valleys.  
In addition, the humidity in the air freezes to the ice surface to create a layer of frost.  This adds even 
more variation to the surface profile.   In addition, the running surface of the stone is not perfectly 
smooth.  Instead, it is a slightly roughened surface.  As a stone is running down the ice, the imperfect 
running surface is constantly making contact with the rough ice surface and breaking off high peaks and 
pushing ice debris into the valleys.  So a stone must push through all of this to make progress down the 
ice.  I call the force required to do this the friction from the physical interference. 
 
The second cause for friction is the intermolecular bonding that occurs between the granite in a curling 
stone and the ice molecules in the playing surface.  Since we keep the ice clean from any foreign 
substances, the only other possible source of friction, besides physical interference, must be related to 
the interaction between the curling stone and the ice.  Like all materials, we know that some interaction 
is possible between the sets of molecules when two objects are put in physical contact.  This interaction 
may be an attraction or repulsion.  This possible range of interaction is evident in our curling footwear.  
Many of our sliders are made from Teflon, a material chosen because it has very little attraction to ice 
and, thus, will provide the least resistance to movement.  In contrast, the rubber in our grippers is 
attracted to the playing surface and, thus, provides stability on the ice.   
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In the case between granite and ice, I believe the situation is a bit more complex.  We know from 
experience that if a stone is left in place for a long time that it will be more difficult to move than a stone 
that has recently stopped.  (Of course, I am not talking about putting a warm stone on the ice, but a 
stone that is at the same temperature as the ice.)  So over time, the attraction increases if the stone is at 
rest on the ice.  However, we have also experienced that when a stone is in motion, it seems like there is 
not much friction under the stone.  On well prepared ice, the lightest touch is all that is necessary to 
alter the direction of the stone during a throw.  So, it appears that the amount of attraction between the 
stone and the ice jumps considerably from when it is moving to when it stops.  In other words, the 
amount of intermolecular bonding is very low when a stone is moving, but increases significantly when 
the stone comes to rest. 
 
While this is straight forward, I believe the key to understanding why a stone curls happens in the 
transition region when the level of intermolecular bonding increases significantly. 
  
If we look at other materials when they are moving slow relative to each other, we find many 
experience the stick-slip phenomenon.  This occurs when the amount of friction between two surfaces 
alternates between its static friction coefficient and its dynamic friction coefficient. You have probably 
experienced this phenomenon if you have rubbed a wet finger along the rim of a wine glass and gotten 
the glass to hum.  The vibration from your finger sticking and slipping causes the wine glass to resonate 
and make a sound.  Other examples include slow moving journal bearings or hydraulic cylinders.  
 
Since the phenomenon is common, we could expect the same thing to occur at the interface between 
the stone and the ice.  When the stone is moving slow, we would expect the influence of the 
intermolecular bonds to alternate between their dynamic and static characteristics. But unlike some of 
the examples above, this effect will be spread across a bunch of smaller stick-slip events.  On a 
microscopic scale, we have a myriad of points of contact between a roughened running surface on the 
stone and the pebbled surface of the ice.  Each of these points of contact acts as its own location where 
stick-slip can occur independently.  Since these events are bound to occur at slightly different times, the 
combination of a lot of little stick-slip events occurring at slightly different times makes the overall effect 
more uniform.   So, we do not get a series of large stick-slip events, but a distribution of much smaller 
events that are occurring more frequently.   The net effect is that the stone is experiencing a higher 
amount of friction, but in a fairly uniform manner.    
 
I should also note that it will be difficult to see these stick-slip events on the ice.   We know that it takes 
only a small force to change the direction of a stone that is in motion.  From this, we can infer that the 
force involved in causing a stone to curl is also quite small.  But, we also know that a small force will only 
alter the direction of the stone a little bit since the mass of the stone is quite large. This is a simple case 
of F = ma, where only a small acceleration will result from a small force applied to a large mass.  So the 
small force that causes a stone to curl will not cause a dramatic change in the direction of a stone.  
Instead, it will only make a small alteration in the stone's direction even if the force is applied 
dramatically as is possible with a stick-slip event.   But as I explained earlier, these events will more likely 
occur as a large series of much smaller events.  So we would not expect to see a few distinct stick-slip 
events, but a generally uniform movement of the stone as it curls.  
 
So to summarize, I have shown that there are primarily two causes for friction at the stone to ice 
interface.  The first is due to the physical interferences between the ice and the stone as it moves down 
the playing surface.  The second is due to the intermolecular bonding that occurs between the ice and  
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the granite of the stone.  The effect of intermolecular bonding is very low when the stone is in motion 
and increases significantly when the stone is at rest.  In the transition between these two states, the 
stick-slip phenomenon is likely to occur, but it will occur at a myriad of locations.  The overall effect is a 
higher, but generally uniform amount of friction.  
 
Friction & the curling motion 
 
So let us now take these two causes for friction and see how they cause a stone to curl stone.  In the 
case of physical interferences, we have discussed its origins.  First, the running surface of a stone is not 
perfectly smooth so it is bound to contact the ice in ways that wear away the playing surface, much like 
a piece of sandpaper wears away wood.  Next, we know that the pebbled ice surface is not flat, but is a 
highly varied surface with peaks and valleys.  Furthermore, we have frost forming on the playing surface 
and ice debris from earlier stones that can interfere with the stone's  movement.   
 
While this is pretty easy to understand, it is important to note that the amount of friction due to 
physical interferences is pretty constant during a given shot.  On good curling ice, any physical 
interferences have been minimized due to all the preparations that go into the ice. We runs groups of 
stones down the playing surface to knock down high spots and follow this with brooms to remove 
debris.   Then during the game, our sweepers keep the path clean for  the stone from debris and frost 
build up.  So, everyone works diligently to maintain the ice in its best possible condition.  So then, we 
have minimized the variations in physical interferences during a shot and, therefore, minimized 
variations in the friction due to this cause. 
 
In addition, I would submit that the amount of friction due to physical interferences is generally 
balanced across the stone.  As I just discussed, this is due to the amount of work that goes into making 
the ice uniform.  If the ice is indeed  uniform,  the amount of physical interferences are equally 
distributed across the front of the running surface of the stone.   On a microscopic level, there are 
certainly a lot of variations, but the net effect across the entire running surface is that the frictional 
effects are balanced from side to side.  So while they contribute to the overall friction on the stone, the 
physical interferences do not contribute to the force that causes a stone to curl.  
 
So the cause of the curling motion in the stone must be due to the intermolecular bonding.  And the key 
to understanding this comes back to relative motion.  Earlier, we discussed that the combination of the 
sliding and rotation of a stone creates varying amounts of motion across its running surface.  In Figure 6 
on the next page, we see that the sliding speed and the rotational motion tend to counteract each other 
on the right side of the stone while they add together on the left side.  If we were to diagram the 
relative motion across the running surface, we would get a distribution of motion similar to Figure 7 on 
the next page.   
 
So, this figure represents the vector sums of the combination of sliding and rotational motions of the 
running surface across the ice.  In this case, the sliding and rotational motions combine for zero relative 
motion at a point on the right side of the running surface (Point A).  So the blue color on the right 
represents the area where the sliding and rotational motions combine to be at or near zero relative 
motion.  The red on the left side of the stone shows the combined speed of the sliding and rotational 
motions, a value essentially double the sliding speed of the stone. Obviously, the colors between red 
and blue represent the variations of relative motion between the two extremes. 
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To be sure, the magnitude of the relative motion varies considerably during the course of a curling shot. 
But, it is the change in magnitude that accounts for the curling of the stone during a typical shot.  Let me 
explain this by going through the various phases of a properly thrown shot using Figure 8.  When a stone 
is first released,  I would submit that the sliding speed is faster than is necessary for the stone to curl.  
During this portion of the shot, the rotational speed does tend to counteract the sliding speed of the 
stone on the right side, but it is not enough to achieve a low relative motion.  So the stone tends to sail 
relatively straight down the ice since the frictional effect is primarily due to physical interferences (a 
balanced cause of friction).  Due to the higher speed of the stone, the friction from intermolecular 
bonding is very low.   
 

 
 
 
 
When the stone begins to slow, the relative motion on the right side of the stone will also decrease.  
Eventually, it reduces to the point where intermolecular bonding can begin to occur. When this starts to 
happen, the momentum of the stone will break those new bonds as it continues down the ice. This 
generates a new force on the right side of the stone which tends to drag the stone to the right.  Initially, 
this occurs on the right side of the stone at a point exactly normal to the sliding motion of the stone at 
the exterior edge of the running surface (See Point A  in Figure 7).  This is the point of lowest relative 
motion for the stone when the sliding speed is excessive. 
 
As the stone continues to slow, more of the sliding surface will be in the realm where intermolecular 
bonding can occur.  (This begins at Point A on the diagram and spreads from there.)  As a result, more 
intermolecular bonds are formed, then broken as the stone continues to slide.  This means the frictional 
force on the right side continues to increase and the result is that the stone drags (or curls) more to  
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Figure 8: Trajectory of a Curling Shot 

Figure 6: A Stone in Motion Figure 7: Relative Motion of Running Surface 
(Viewed from Top) 
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right.  This process of more bonds forming and fracturing continues as the stone moves down the sheet 
and reduces speed.  And since the frictional force continues to grow, this accounts for the greater 
amount of curl as a stone moves slower and slower.  Eventually, the amount of friction across the stone 
(from both causes) is greater than what the energy of the stone can overcome and it comes to rest.   
 
This explanation is also logically consistent with the change in friction that I plotted in Figure 5. In the 
early stages, the friction due to physical interferences is primary so the amount of friction stays uniform 
during the first portion of the throw.  When the stone slows sufficiently, the effects of intermolecular 
bonding begin to take effect on the portion of the stone with low relative motion.  While this 
intermolecular bonding is subject to stick and slip, I explained that this effect is made fairly uniform due 
to the myriad of contact points where it is occurring.  So the friction causing the stone to curl will be 
fairly consistent.  In addition to causing the lateral motion of the stone, this friction also adds to the 
overall friction on the stone so its value increases as shown in Figure 5.  As the stone continues to slow, 
the total amount of friction continues to climb as more of the stone achieves low relative motion.  This 
continues until friction overcomes the momentum of the stone and it comes to rest.   As it stops, 
intermolecular bonding occurs across the entire running surface of the stone and the total friction 
climbs dramatically. Some intermolecular bonding continues to occur as the stone remains in place over 
a long period - a fact we have all experienced on the ice.  
 
When a stone is not thrown well 
 
I should re-emphasize that this phenomenon I described only occurs when a stone is properly thrown.  
By this, I mean that the stone is thrown with the proper weight and the right corresponding rate of 
rotation.  If this is not the case, the stone will not curl very much or at all. For example, if we have a 
stone that is thrown with an excessive rate of rotation (a spinner), we know from experience that these 
stones tend to run straight. This is because the sliding speed of the stone will never be high enough to 
counteract its high rotational speed.    So there will never be low relative motion on one side of the 
running surface to allow intermolecular bonding to occur.  Instead, the low relative motion will only 
occur when the entire stone gets close to stopping.  
 
 A similar case occurs if the stone has too small a rate of rotation.  We know from experience that stones 
like these tend to curl only a little. This is because the stone must be moving quite slow before the rate 
of rotation properly counteracts the sliding speed.  So these stones will curl, but only after they have lost 
the majority of their speed near the end of the shot. 
 
In the case of a stone with good rate of rotation, but too little weight, we have experienced that these 
stones tend to curl just fine, except that the curl starts too soon after the stone is released.  Unlike a 
properly  thrown shot, this stone does not have to slow very much for the sliding speed to correspond 
with the rate of rotation.  As a result, the curl begins to occur soon after the release. 
 
In the final case, we know that a stone thrown with too much weight will not curl very much, even if the 
rotation rate is good.  It simply takes too long for the stone to slow down to the point where the rate of 
rotation could properly counteract the sliding speed and begin to curl.  These shots tend to travel in a 
straight line and only curl at the end, if at all.  
 
There are other permutations of poor shots, but these will simply be combinations of the cases above.  I 
will leave it to the reader to make those combinations, if they choose. 
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How does sweeping relate to this theory 
 
If this theory is indeed valid, how does it relate to the effects of sweeping?  We all know from 
experience that a stone will travel farther and curl less when it is swept.  I believe that when we sweep 
the ice, we are altering the surface of the ice to reduce the amount of friction and this is the cause of 
greater travel and less curl. To understand this, let us examine what sweeping physically does to the ice. 
 
If we look closely at the pebble on the ice, we will find a large array of little mounds of ice. These 
mounds do not have peaks, but instead are more like a series of small plateaus. These were formed 
when the pebble was nipped or broken when we trundled groups of stones across them.  These 
preparations are necessary to give the stones a more consistent surface to run across.  But over the 
course of a game, this surface can change as stones run across it and when it accumulates frost and ice 
debris. 
 
When we sweep this surface, we are doing three things.   First, we clear any ice debris that may have 
been left behind from previous shots.  Second, we are removing frost that has formed on the ice. The 
more vigorous we sweep, the more this frost gets removed.  Third, we are actually wearing some of the 
material from the pebble especially when we are sweeping hard.  If we think of the tops of the pebble 
like a series of small plateaus, vigorous sweeping will actually wear the outside edges of those plateaus.  
This rounding of the outside edges reduces the surface area which the stones travel across.  So, in short,  
sweeping removes frost and debris while also reducing the surface area of the pebble. 
 
As I explained earlier, there were two primary causes for friction on a curling stone - physical 
interference with the ice and intermolecular bonding between the stone and the ice.  When we sweep 
the ice, we are removing accumulated frost and ice debris from the playing surface so this reduces the 
amount of physical interferences that the stone has to overcome to travel down the ice.  This means 
that we are reducing the amount of friction under the stone since it has less to overcome as it slides 
along.  So, it is logical that the stone will carry farther down the ice since there is less to impede its 
motion. 
 
Now if we sweep vigorously, I made the point that we are actually reducing the surface area of the 
pebble that can contact the stone.  This comes into play when we consider the effect of intermolecular 
bonding on friction.  In order for intermolecular bonding to occur, the stone and the ice must be in 
physical contact.  If there is less surface area in contact with the stone due to the effects of vigorous 
sweeping, there are fewer molecules across the running surface available for bonding to occur.  With 
fewer bonds forming, there is less drag on the stone as those bonds are fractured. And with less drag on 
the stone, there is less force causing the stone to curl. So the amount of curl in the stone will be 
reduced.  Furthermore, this reduction in intermolecular bonding will also mean that the total drag on 
the stone will be reduced.  So, the stone will travel farther because there is less to impede its motion. 
 
A few more thoughts on this theory 
 
In the preceding pages, I have made an extensive explanation that the curl in the stone is caused by 
intermolecular bonding between the stone and the ice.  In addition, I can make the case that any force 
connected with the motion of the stone could not be causing the stone to curl.  As we know from 
experience, a stone tends to curl more at the end when it is moving slower.  So this means that the 
curling force must increase as the speed of the stone decreases.  And this curling force must be  
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approaching its maximum value when the speed is approaching zero.  So if the motion of the stone was 
creating the curling force, how can the curling force be increasing while the motion that is causing it is 
approaching zero.  Obviously, this cannot be true.  So we can conclude that the force that causes a stone 
to curl cannot come from the motion of the stone. 
 
Instead, I would submit that the kinetic energy of the stone actually keeps the stone from curling.  When 
the stone is first thrown, its rapid motion down the ice prevents intermolecular bonding from occurring 
since the relative motion is too large.  So it is the kinetic energy of the stone that minimizes the 
influence of intermolecular bonding and thus prevents it from curling. Only when the kinetic energy of 
the stone has been sufficiently reduced does the stone begin to curl.  And even when the stone is 
curling, it is the kinetic energy of the stone that fights against the force generated by intermolecular 
bonding.   When the stone finally comes to rest and its kinetic energy is gone, we know that the 
influence of intermolecular bonding is at its peak.  So, it is only intermolecular bonding that increases in 
force as the stone slows, not anything contributed by the motion of the stone. 
 
When I set about to document this theory, I wanted to simply define the mechanism that causes a stone 
to curl.  As result, I have not attempted to quantify any portion of this theory since I do not think test 
data is necessary to prove this theory has merit.  Instead, I believe that a combination of our personal 
experience on the ice and an understanding of basic physics are enough to make my case.   
 
Let me be clear about this. I am a firm believer in empirical data and its usefulness.  I spent most of my 
17 year career as a mechanical engineer involved with planning tests and designing test equipment.  
During those years, I learned that you can never have enough test data when it came to testing aircraft 
and spacecraft systems.   In all of those cases, I was always trying to quantify performance so the system 
could be verified or optimized.  But as I stated early, my goal was to explain why a stone curls.  Our own 
curling experience and some basic knowledge of physics is more than enough to explain why a stone 
curls.  So the addition of empirical data was not necessary to make that explanation.  
 
In addition, I did not address all of the variables that effect how much a stone may curl.  The whole art 
and science of ice preparation, different granites types, etc.  is well beyond the scope of what I am trying 
to accomplish in this paper.  While those topics can certainly influence how well a stone curls, they do 
not answer the question why it curls and, therefore, are not discussed. 
 
Scientific Summary 
 
So now that I have laid out the particulars, let my summarize the overall theory in scientific terms.  
 
 1)  A stone will properly curl only when it is thrown with the right balance of sliding speed and 
rate of rotation. In this condition, the sliding speed is counteracted by the rotation of the stone so there 
is little to no relative motion between the stone and the ice on a small portion of the running surface. 
This will occur on the right side of a stone normal to the direction of sliding for a clockwise rotating 
stone.  This will occur in the same location on the left side if the stone is rotating counterclockwise.   
 
 2)  If there is sufficiently low relative motion between the stone and the ice, then intermolecular 
bonding can begin to occur in that area.  A force is required to break these bonds if the stone is to 
continue to travel down the ice.  This force is part of the friction at the running surface interface and is 
localized to the area where the intermolecular bonding occurred. 
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 3) We know from Newton's First Law of Motion that any object in motion will tend to travel in a 
straight line unless acted on by an outside force.   But when an outside force is applied, like frictional 
drag, the object will be accelerated in the direction of the force (Newton's Second Law).  Since the new 
frictional force due to intermolecular bonding is off the center of gravity, the stone will be accelerated in 
the direction of the frictional force.  For a clockwise rotating stone, this will be to the right. For a 
counterclockwise rotating stone, it will pull to the left. 
 
 4) As the stone slows, more of the running surface will achieve a relative motion low enough for 
intermolecular bonding to occur.  Since this will allow more bonds to form, the frictional force must also 
increase to break the larger number of intermolecular bonds.  This larger frictional force increases the 
acceleration of the stone towards the area of bonding.  Therefore, the stone curls more as it continues 
to slow. 
 
 5) This process continues to occur until the stone no longer has the kinetic energy to overcome 
the total frictional forces and, thus, comes to rest.  After this, the amount of intermolecular bonding will 
continue to increase, but at a slower rate since most of the bonding has already occurred.  
 
 6) The effects of sweeping are also consistent with this theory.  Sweeping reduces the amount of 
physical interferences from frost and ice debris so it is logical that a stone would travel farther than if 
the stone were unswept.  Vigorous sweeping also reduces the surface area of the pebble in contact with 
the stone. This in turn reduces the amount of intermolecular bonding that can occur and therefore, 
reduces the curl in a stone.  In addition, the reduction in intermolecular bonding also contributes to a 
lower overall friction on the stone, so the stone travels farther. 
 
Conclusions 
 
So if this theory is valid, how do we apply it to the game of curling. For the vast majority  of us, I believe 
that this theory will have little impact on our game.  For nearly 500 years, the sport has proceeded to 
grow and mature without a clear knowledge of the physics of involved.  During those years, curlers have 
learned, through trial and error, what is the best way to throw a stone, how to properly prepare the ice,  
etc.  in order to get the best and most consistent performance during a game.  Nothing in my theory will 
challenge or change this because it only addresses why a stone curls.  All of the advances in the sport 
have come about to address other questions such as how to get a stone to curl, how to get the most 
consistent playing conditions, etc.   So while it may be interesting to know why a stone curls, it is 
certainly not necessary to play the game. 
 
However, for those at the elite levels of the sport, knowing this theory could be useful in optimizing a 
curling throw.  Since the relationship between the sliding speed of the stone and its rate of rotation is 
key to when a stone will begin to curl, players may be able to adjust their throw to change when a stone 
will curl and how far it will curl. Much of this is already being done on a trial and error basis, but this 
theory may help to refine the process. 
 
The final question then is how this theory relates to the other competing theories on why a stone curls.  
If you have studied this question, you will know that there are at least three other competing theories. 
One of these theories involves the motion of the stone melting a thin layer of ice at the leading edge of 
the stone.  This thin water layer and its movement around the running surface of the stone cause the 
stone to curl because of less friction at the front edge of the stone.  Another theory, which also involves  
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a thin water layer, argues instead that the lubricating effect of the water changes the friction 
characteristics on the sides of the stone's running surface, not the front.  A third theory dismisses any 
idea of fluid friction, but insists that a stone's movement is driven by the debris that it must move on its 
way down the ice. Dubbed the snowplow model, this theory states that the pebble on the ice gets 
chipped away by the stone and that this debris effects the stone's movement. 
 
I believe all of these theories are questionable at one key point.  Specifically, they do not explain why 
the stone would curl more at the end of its travel when its speed is slower.  Each of the other theories is 
dependent upon the motion of the stone to generate the force required to induce the curling motion.  In 
the first two theories, they require the motion of the stone to melt the ice to create the curling effect.  
In  the third theory, the motion of the stone chips away the pebble to create debris which in turn causes 
it to curl.  If any of these theories were true, then we would expect the stones to curl more when there 
is more motion in the stone. There would simply be more material available (water layer or debris pile) 
to impart the curling motion.  However, our experience on the ice is directly the opposite.  We know 
that stones curl less when they are moving fast and more when they are nearly at rest.  Since these 
competing theories are not consistent with this, we must question if they adequately explain the curling 
motion. 
 
In addition to this point, there are probably other reasons why these theories have not become the 
definitive answer to the motion of a curling stone.  As is often quoted, "In science, it is said that a 
beautiful theory is often ruined by one single awkward fact."  While each of these theories has some 
validity, I expect each of them has one or more awkward facts that undermines its logic. This is the 
reason why they have not become the definitive answer to this age old question. 
 
To address this concern, I have tried to test my theory against every situation and awkward fact to 
ensure its validity. This why my paper addressed good throws, a variety of poor throws as well as the 
influence of sweeping.  It also addressed more generalized questions such as why a stone curls more at 
the end of its travel when its kinetic energy  is lowest.  To be sure, I may have missed something in the 
process or have some flaw in my logic.  This is understandable since I am both human and a novice 
curler.  Nevertheless, I believe the theory I have developed has merit  since it is logically consistent with 
all of the facts as I understand them.   
 
So, whether you agree with my conclusions or not, my hope is that this paper will advance the 
understanding of our sport and it will be taken in that light. 
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