Stacking Cannonballs

Dr. Bob



Cannonballs in a layer

Let L, be the number of cannonballs on layer n.

Each row 1n a layer has 1 more than the previous row:
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Cannonballs in a Layer

To find the sum of
cannonballs in a layer
graphically, rearrange
the rows as like this:

Stack the two layers
on top of each
other
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The double layer has 2*L, =n*n + 1), or

L, :n*(n+1)/2=2i
i=l



Stack the Cannonballs

Let T be the number of
cannonballs in a stack of ¥
layers. 0®
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The answer to the original question:

When 1s the number above a
layer = the number in the layer?

At layer 4.

l+ 3+ 6 + 10 + ..

+ L

I, =(1+3+6)+10=10+10



Another way to count.

Suppose each layer was moved so that that the point ball of each
layer is right above the other.
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Combine both ways.

For N layers, the last page gives:

N N N
ZI’Z*(N-i-l n) = N+12n an (eq. 1)
=1 n=l1 n=1
The first page gives:
N N n N N N
Ty=>L,=>Yi=Yn*(n+1)/2=Y n*/2+> n/2
n=l1 n=1 i=1 n=l1 n=l n=l1
N
or 2*TN:in+Zn2 (eq 2)
n=l1 n=l1

Addeq.2 +eql.
N
2*%T +T, =3*T, =(N+2)) n=(N+2)*N*(N+1)/2

or
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T,=N*



Question:

When is the number above a layer = the number in the layer?

Iy, =1Ly
or
(N-1)* N " (N +1) :N*M
2 3 2
Dividing both sides by N*((N+1)/6 gives:
N-1=3

N =4

Checking we have:
T,=3*(4/2)*(5/3) = 10

L,=4%(5/2) =10

So the equations work!



