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Abstract

According to traditional lore, each Christmas Santa Claus travels across the globe delivering gifts

to all of the children on his ‘Nice’ list. In this paper, we calculated the velocity he would travel

at to be 1.56 x 10% ms~!. Thus, if his sleigh had aerofoils they would require a minimum surface

area of 1.26 x 1072 m? each to provide lift.

Introduction

The traditional model of Santa Claus is in-
spired by Saint Nicholas, who comes from the
Christian religion [1]. It is said he flies around
the globe, on a sleigh driven by nine reindeer
on Christmas eve night. He delivers gifts to
the Christian children of the world while they
sleep. We calculated the velocity at which he
must travel to do this in one night and the size
of the aerofoils required.

Theory

In order to find the velocity at which Santa
travels, we first needed to find the distance he
must fly. As Santa delivers to only the Christian
children, we calculated the number of households
he must visit during the night. This was done by
multiplying the total population of children by
the percentage of Christians in the world. The
average fertility rate, or child per household, is
2.5 [2], which may be rounded to 3 for the pur-
poses of our calculation. Dividing the total num-
ber of Christian children by 3 gives the number
of households these children occupy, Ny,.

The distance between these houses was found
by dividing the Earth’s surface area by N, to

give the area occupied by each household and
half the distance to its nearest neighbours, Ay. If
they are distributed as square areas and assumed
to be adjacent to one another with the house in
the centre of the square, the shortest distance
between each house, L, is given by taking the
square root of Ap.

The surface area of the globe, Ay, was found
using Ay = 47R?. Where R is the radius of
Earth. Given roughly only 30% of Earth’s sur-
face is covered by land mass [3], Aj, may be ex-
pressed as

0345 67 R? (1)
Ny, 5Ny,
The total distance Santa must travel to de-
liver his gifts, D, is given by the sum of lengths
between households;

Ap

D =L(N, —1). (2)

The time for him to make his deliveries is 10
hours, assuming children are asleep between the
hours of 8pm and 6am on Christmas eve. Tak-
ing time zones into account and presuming Santa
travels from east to west, he has an additional 24
hours for the task. This gives him a time T' = 34



hours = 122400 s. His velocity, v, can then be
found by

v_g_ 6mR2 (N, — 1)
17 \/ 5N, T

To find the minimum surface area of the aero-
foils needed, the weight of Santa, his sleigh, the
gifts and his reindeer were equated to the lift
equation [4];

(3)

2
pv2 AC
= Tl (4)

Where M is the total mass, g is the acceleration
due to gravity, p is airflow density, A is the com-
bined aerofoil area and Cj is the coefficient of
lift. Substituting C; = 27« [4], where « is angle
of attack; the angle of the direction of the aero-
foil in relation to the airflow, and rearranging for
A, gave
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Results

There are 2.2 billion children on the planet [5],
and with 32.5% of world recorded as Christian
[6], Santa must provide presents to 7.15x10% of
them. This gave Nj, = 2.38 x 10® households.
Using R = 6371 km [7], v was found to be 1.56 x
105 ms~!.

M was found by summing the masses of all
bodies involved. Santa, with his thick clothing to
keep him warm, was given an estimated mass of
120 kg. The sleigh, assumed to be strong enough
via magic to support the necessary weight, was
estimated as 200 kg. To provide the forward ve-
locity Santa has the help of 9 magical reindeer.
The mass of an adult male reindeer can be up to
210 kg [8], which gave a combined reindeer mass
as 1890 kg. Finally, by using an average weight
of 1 kg per gift the combined weight of the gifts
was 7.15x10% kg. Hence, M = 7.15 x 10° kg.

The density of air used was that of sea level
and at 15°C; p = 1.225 kgm ™3 [9] and o = {25
radians was used to provide maximum lift [10].
Using g = 9.81 ms~2, Equation 5 gave the mini-
mum surface area to support Santa’s sleigh with

his gifts and reindeer as 2.53 x 1072 m?. There-
fore, each aerofoil only requires a surface area of
1.26 x 1073 m?.

Conclusion

We calculated the velocity Santa would need
to travel to visit all of the Christian children of
the world in time for Christmas morning. This
was found to be 1.56 x 10% ms~!. From this
we found the minimum surface area each aerofoil
would need to support the weight of the Sleigh,
presents, reindeer and Santa. This was calcu-
lated as 1.26 x 1073 m? each. There are some lim-
itations to the calculations in this paper, for in-
stance, we have only considered a scenario where
the Sleigh’s velocity is constant. A more in depth
study could look at the acceleration of the sleigh
and also the time spent at each household. More-
over, we would expect Santa to commute to and
from the North pole and not start from the first
house, therefore, this scenario could be investi-
gated.
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