The Multinomial Theorem
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Pascal’s Formula

Multinomial coefficient:

( n ) n!
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N1, Na, ..., Ny nilng! -+ ny!

where ny+mng+---+ng=n.
Binomial coefficients are a particular case of multinomial coefficients:
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Theorem 1 (Pascal’s Formula for multinomial coefficients.) For integers n, ny, na, ...
such that ny +ny +---+n;, = n,
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N1, Moy, Ny ny—1,n9,...,ny ny,ne — 1,..., 1y Ny, Moy ...,y — 1

The Multinomial Theorem

Theorem 2 (Multinomial Expansion.) For integer n > 1 and variables x1, s, .. ., x4,
n n ni _.no n
(x1+xo+ - +a)" = E xtay?
— Ny, Mo, ..., Ny
ni4no+-4ni=nni,na,...,nt>0
1. Write down the expansion of (z1 + xo + 3)3.
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2. Find the coefficient of x3z3z3z5 in the expansion of (z; + zo + 3 + 4 + 75)".

Find the coefficient of x3z922 in the expansion of (2x1 — 3xy + 5x3)".

-~ ®

How many different terms are there in the expansion of (x; + zo + -+ + x;)"?

n n
Z (nl,n2,...,nt):t'

ni4ng+-+n=nni,ne,...,nt >0

5. Prove that



