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An Engineer’s Approach to Football Shots,



TOPICS TO DISCUSS

PROPERTIES OF FOOTBALL

PHYSICS OF KICKING A FOOTBALL

ROBERTO CARLOS’ CURVE SHOT

CHRISTIANO RONALDO’S KNUCLEBALL SHOT

DAVID BECKHAM’S DIP-AND-CURL SHOT



PROPERTIES OF THE FOOTBALL
A good football- not too heavy to kick nor too light 
that it can’t be controlled. Ideally 410 – 450 g in 
mass and 21.6 - 22.3 cm diameter
The coefficient of restitution is given as the square 
root of the ratio of the rebound height to the initial 
drop height (2m). Decrease in height is due to 
reduction in total Elastic Potential Energy 
The coefficient of restitution must be between 
0.82–0.88 at 20 degrees Celsius 
Glued panels provide smoother surface than 
stitched panels
Drag, a force that makes ball dip and curve in 
unexpected ways. The smoother the ball and lesser 
the seam length, greater the drag at higher speeds



PHYSICS OF KICKING A FOOTBALL
Newton's 1st law

• Ball is at rest, it will continue to stay at rest. But once kicked, it will keep moving in a 
straight line in absence of friction and Earth’s gravitational pull

Newton's 2nd law

• If you want the ball to be moving fast, you must apply more force. If you want the 
ball to move just a little bit, then just apply less force.

Newton's 3rd law

• If you kick the soccer ball, it will kick back at you just as hard. Yet, leg doesn’t seem 
to move, as our leg has more mass, meaning it has more inertia, which is the 
resistance to move.

Momentum
• When a soccer player kicks a ball, he transfers his momentum to the ball. Also 

when players pass the ball to each other, they use their feet to slow the 
momentum of the ball by moving with the ball and resisting it slowly to have more 
control over the ball.

Forces acting on a shot football- Force of kick, Drag force, Gravity and Magnum force.



PHYSICS OF KICKING A FOOTBALL





ROBERTO CARLOS’ CURL SHOT

Magnus Effect

Makes the ball spin by kicking it off-center

Air travels faster relative to the center of the 
ball where the periphery of the ball is moving in 
the same direction as the air flow

Bernoulli's principle- an increase in the speed 
of the fluid occurs simultaneously with a 
decrease in pressure





CRISTIANO RONALDO’S KNUCKLEBALL SHOT

Knuckleball -kicked at very low spin, which results in a 
zigzag trajectory
When the ball is hit with spin, motion 
becomes predictable. But when it is hit with no or very 
low spin, the seams and panels on the surface create 
seemingly random pressure differences around the ball, 
and we get an wobble effect
CR7 is also famous for rise-and-dip shots. This is a 
topspin shot where ball spins completely vertically so 
that the high pressure is directly above the ball pushing 
it downwards





DAVID BECKHAM’S DIP-AND-CURL SHOT

Same aerodynamics theory of Bernoulli’s 
principle and Magnus effect follows here

Beckham gets the ball to spin on an angle with 
the inside of his right foot

High-pressure side is the top-right of the ball, 
so it moves towards the bottom-left. So he gets 
a right-to-left curl and a dip- a combination of 
the previously discussed phenomenon
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