
The True Ball Flight Laws 
 

The D Plane is short for Descriptive Plane. 

Theodore Jorgensen author of  

"The Physics of Golf" discusses in his book the physics behind the collision of the clubface 

and the golf ball. 

It discusses what occurs and how the ball takes off after separation from the clubface. 

The D Plane is basically a Description of the collision between the ball and the clubface. 

The D Plane is formed by the line representing the direction of the clubhead is moving (at 

the time the ball separates from the club face).and the line representing a direction 

perpendicular to the clubface (at the time the ball separates from the clubface). 

It comprised of just two components 

1. The movement of Motion of the golf club direction, which is a combination of the 

Clubhead Path AND the Angle of Attack; 

2. The Direction that the clubface is point at separation which is a combination of dynamic 

loft and face angle 

The motion of the clubhead or path of the clubhead can be left of the hole, right of the hole, 

we can hit up on it or down on it. So the motion of the clubhead can be the Angle of Attack 

or horizontal differences. So that forms half of the D Plane. The second part is where the 

clubface is aiming when the ball separates from the clubface. 

The D Plane contains the initial flight of the ball, the lift of the ball is in that plane and 

gravity will pull it down. 

The golf club swings up, down, reaches the very bottom of its arc, and travels back up. 

Because we all swing on an inclined plane (somewhere between 45 and 65 degrees) when 

the club is traveling down it is NOT swinging at our target (assuming we are aimed parallel 

left of our target line). 

It is in fact swinging to the right of the target. And when the club is swinging up, it is actually 

swinging to the left of the target (stand up and try it.) The only point in the entire arc of the 

swing where the golf club is swinging at our aim point is at the very bottom of the swing arc, 

what we call low point. 



 

  

The BLUE LINE in the above diagram is the direction the clubhead is moving at separation 

(often called swing path) and the RED LINE in the diagram is the line perpendicular to the 

club face at separation (called club face in the diagram). 

Basically this is where the (true) Clubface Angle and the (true) Swing Path are traveling 

creates this plane. He calls it the D Plane because of it is Description of the collision 

between the clubhead and the golf ball. 

The D Plane shows that the initial direction the ball takes off on separation is on the D 

Plane and at an angle between the clubhead direction and the clubface perpendicular. 

Measurements using Trackman show that initial ball flight direction is close to the club face 

perpendicular direction (85% approximately). 

The ball only curves away from the normal gravity - air resistance trajectory due to spin put 

on the ball during impact with the club. 

When the club strikes the ball at an angle (e.g. lofted club) back spin will be put on the ball 

causing it to rise in flight. If the path is going in a different direction to the club face 

horizontal or side spin will be put on the ball causing it to slice or fade. 

In simpler terms, the clubface has a bigger influence on the starting direction than the 

swing path. 

The D Plane also illustrates that the initial trajectory of the ball will be slightly lower than 

the true effective loft of the club. 



Homer Kelly also describes these effects but he does not use the simplifying concept of 

the D Plane explanation making his Chapter 2 rather more difficult to understand for the 

practical golfer. 

The bottom line is this; the ball will start its initial flight, its starting line by the clubface, not 

the clubhead path. With an iron shot the clubface is responsible for about 85 percent of its 

initial starting line. That means that the clubhead path is only responsible for about 15 

percent.  

With a driver it can be about 90 percent face and 10 percent club path. 

So then the clubface is not 100 percent responsible for the starting line of the ball,  

So the clubface starts the ball in line but the club path curves the ball. If the clubface and 

the club path are not pointing in the same direction then you are going to get curvature on 

the ball. 

After all it is the position of the clubface and the direction of motion of the clubhead at 

separation that determines the path of the ball.  So to me any adjustment to my swing must 

be to put these two things in a better position for what I want to achieve with the shot. 

In theory it does not really matter if you are standing on your head when the ball separates 

from the clubface as the initial ball flight direction at separation is determined by the 

direction the clubhead is traveling and the direction of the club face perpendicular. 

So the clubface starts the ball, club path curves the ball, ball spins in one direction on an axis 

and if the axis is tilted then that produces curvature.  

 

 

 

 

 

 

 

 

 

 



Gear Effect 
This diagram shows the gear effect that is produced when the ball is impacted off-centre 

towards the toe of the club. 

The centre of gravity of the driver's clubhead (black-white checked circle) is well behind the 

centre of the clubface. When the ball is hit on the toe of the clubface, the collision force 

causes the clubface to rotate sideways in a 

clockwise manner (red arrow).  

That causes the ball to spin in the opposite 

direction - counter clockwise spin (blue 

arrow).  

The counter clockwise spin causes a draw 

side-spin, and it is added to any side-spin 

produced by any tilt of the D-Plane.  

If the ball is hit on the heel of the clubface, 

the sidespin will be in the opposite direction (clockwise spin or slice spin). 

The amount of sidespin produced by an off-centre hit depends on the degree of off-

centeredness of the hit. 

 According to Frederick Tuxen of the Trackman company, the amount of produced side-spin 

(due to a certain degree of off-centre hit) is the same for all clubs (in terms of the amount of 

rpm of side-spin), but it will have a greater effect on a driver, which produces a lower spin 

rate than a short iron.  

For example, if the off-centre hit produces 500 rpm of sidespin, and a driver produces a spin 

rate of 2,500 rpm while a short iron produces a spin rate of 10,000 rpm, then it should be 

obvious that that an off-centre hit will affect a driver's ball flight more than a short iron's 

ball flight. 

According to Fred Tuxen of the Trackman company, an off-centre hit of 1 dimple (0.14") will 

produce a tilt of the spin axis of 6 degrees in a driver and 2 degrees in a 6-iron. 

That's a surprisingly large effect - equivalent to a 1.5 degree divergent angle between the 

clubface orientation and clubhead path at impact in a driver, and a 1 degree divergent angle 

between the clubface orientation and clubhead path at impact in a 6-iron.     



Finally, one needs a formula to calculate the effect of a tilt of the spin axis on ball flight - in 

terms of the magnitude of the side-curve produced by a tilt of the spin axis. 

A tilt of the spin axis of 1 degree produces a 0.7% side-curve (causing the ball to curve 0.7 

yards sideways for every 100 yards of distance). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Spin Axis Tilt 
The spin axis is perpendicular to the D-Plane. When the D-Plane is vertical (clubhead path 

and clubface orientation both face the target) then there is no tilt of the spin axis.  

If the spin axis is not tilted, then there will no draw spin or slice spin imparted to the ball at 

impact if the ball is hit on the sweetspot (centre of the clubface). The ball will only lift 

vertically upwards due to the presence of backspin.   

 

 

Effect of spin axis tilt on ball flight 

In this example, the spin axis is tilted 20 degrees to the left, and that will produce a draw 

spin (in addition to the back spin). If the spin axis is tilted to the right, it will produce a slice 

spin. 

Two factors can tilt the spin axis - i) a divergent angle between the clubface orientation and 

clubhead path at impact; and ii) an off-centre hit. 

As a rough approximation, a 1 degree divergent angle between the clubface orientation and 

the clubhead path (at impact) will produce a tilt of the spin axis of 2 degrees (for an iron) 

and 4 degrees (for a driver).  

The reason for this difference is that a driver has a lower dynamic loft than an iron (e.g. 

driver has 50% of a 6-iron's loft).  

The lower the loft of the club, the narrower the size of the D-plane wedge, and the more the 

D-plane will be tilted sideways for a certain finite size of the divergent angle between the 

clubface orientation and the clubhead at impact. 

 



The Straight Shot 
 

So when the Clubhead Path and the Clubface are completely in line with each other this will 

produce a straight away ball flight. 

 

The diagrams below show the Clubface and the Clubhead path in the same direction as the 

target line.  

The image on the right shows the D Plane which is between the red arrow and the blue 

arrow and they are directly on top of each other in the same line as figure #1.  

This will produce backspin only with no curvature on the ball. 

 

         

                        Figure #1                                          Figure #2 

 

 

 

 

 



 

Straight Shot at the Target 

The clubhead path is directed along the ball-target line, and 

the clubface orientation (lie angle rod) is also directed along 

the ball-target line, and that will result in an initial ball flight 

that is directed straight towards the target. If the clubhead 

path and clubface orientation are pointing in the same 

direction, then the ball will not acquire any side-spin that will 

cause the ball to either slice to the right, or draw to the left. 

 

 

 

Straight Pulled Shot (Left of Target) 

The white rod represents the ball-target line, and the yellow 

rod represents the clubhead path at impact. Note that the 

clubface orientation (lie angle rod) is pointing in the same 

direction as the leftwards-directed clubhead path, and that 

will produce a straight pulled shot to the left.  

 

 

 

Straight Pushed Shot (Right of Target) 

The clubhead path is directed right of the ball-target line, 

and the clubface orientation (lie angle rod) points in the 

same direction. The initial ball flight will be straight to the 

right of the target, and this will produce a straight pushed 

shot. If the clubhead path and clubface orientation are 

pointing in the same direction, then the ball will not acquire 

any side-spin that will cause the ball to either slice to the 

right, or draw to the left. 

 

 

 



This is how it would look for a straight drive with the Clubface direction in the same line as 

the clubhead Path and directly on top of each other. 

The D Plane as you can see if formed between the Clubhead Path and the Clubface 

Direction.  

The wider the D Plane angle the less curvature on the ball. So from a pitching wedge to a 5 

iron to a driver the less the clubface loft the more curvature is produced. This is why we 

would more directional problems with a driver compared to say a 7 iron, simply because of 

the loft.  

For a Driver, the D-Plane is a much narrower ‘wedge’ than for a 6 iron. This is because the 

club loft is much less with a driver. The consequence is that for a certain difference between 

face angle and club path, the D-Plane will be tilted more the lower the loft of the club. Since 

the spin loft of a driver shot is around half the spin loft of a 6 iron shot, the result is the spin 

axis of a 6 iron shot will only be half that of a Driver shot having the same delta between 

club path and face angle 

 

So the spin axis for a straight away shot will produce no curvature on the ball. 

 

 

 



The Draw Shot 
If we took the mechanical robot Iron Byron or Ping Man for example and give them a 5 iron 

for example and if we could clamp that 5 iron into his hands or vice and clamp that 5 iron in 

a position that was say 3 degrees open to the right of the flag.  

Then we program the model to swing 6 degrees out to the right of the target line then every 

single ball will draw to the left. 

So we are not rotating the hands to close the face but we are simply swinging further out 

the right that where the clubface is pointing. 

 So this simply means that a clubface 3 degrees open to the right of the target to start the 

ball there and a club path that is 6 degrees open to the flag will allow the ball to curve back. 

Or we could say that the clubface was open to the target line but it was closed to the path.  

So because the face was 3 degrees open to the right of the target and the path was 6 

degrees open to the target line it tilts the spin 

axis to the left.  

So to play a Draw shot the clubface must be 

aiming to the right of the target so the ball can 

cure to the left due to the clubhead path. 

The shot that bubba Watson played at hole 

number 10 in the play-off where he played that 

big hook shot around the trees.  

What he did was have his clubface pointing well 

to the left of the flag simply because that is 

where the ball started. To make the ball hook back to the flag he swung even more to the 

left that even where the clubface was pointing.  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



The Fade Shot 
If we took the robot Iron Byron or Ping Man for example and give them a 5 iron for example 

and if we could clamp that 5 iron into his hands or vice and clamp that 5 iron in a position 

that was say 3 degrees closed to the left of the flag. 

Then we program the model to swing 6 degrees out to the left of the target line then every 

single ball will fade to the right. 

So we are not holding on with the hands to open the face but we are simply swinging 

further out the left that where the clubface is pointing.  

So this simply means that a clubface 3 degrees closed to the left of the target to start the 

ball there and a club path that is 6 degrees closed to the flag will allow the ball to curve 

back. Or we could say that the clubface was closed to the target line but it was open to the 

path.  

So because the face was 3 degrees closed to the left of 

the target and the path was 6 degrees closed to the 

target line it tilts the spin axis to the right.  

So to play a fade shot the clubface must be aiming to 

the left of the target so the ball can cure to the right 

due to the clubhead path. 

If you take the simpler case of a ball that separates at 

the low point first, it may be easier to see.  In this case 

the club head motion direction is horizontal.  For the case of an open club face at separation 

the club face perpendicular will be to the right of the club head motion direction and the D 

plane will be leaning to the right.   

Thus the projection of the club face perpendicular onto the horizontal plane (surface) below 

will be to the right of the club head motion direction.  Now since the initial ball flight 

direction is between the club head motion direction and the club face perpendicular the 

projection of the initial ball flight direction line will be between the club head motion 

direction and the projection of the club face perpendicular onto the horizontal plane.    

Thus the initial ball flight direction in the horizontal direction is to the left of the club face 

perpendicular direction projected onto the horizontal plane and to the right of the club 

head motion direction.  That is the ball takes off in between the two. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

     

With the diagram above; if the clubface path is to the left of the target line and the clubface 

id to the right of the target line the spin axis is tilted to the right, it will produce a slice spin. 

Two factors can tilt the spin axis - i) a divergent angle between the clubface orientation and 

clubhead path at impact; 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


