Permutations and Combinations - Boys and Girls

4 girls and 8 boys are standing together.
a) In how many ways can they stand in a circle?
b) In how many ways can a 7-person committee be selected from the group
if at least 2 girls must be included?


Since it mentions boys and girls, we'll solve for the
numbers of arrangements where all the boys are considered to be 
"the same" and all the girls "the same".
If each child were to be considered individually,
there would be no need to mention the genders. 

              ANSWER
a) In how many ways can they stand in a circle?

Imagine they stand around a big clock.
There will be 4 distances between girls, which add up to 12. 
For instance, if there are girls all next to each other at 1, 2, 3, and 4,
the distances are 1, 1, 1, and 9.
No matter how you move them around, the total is always 12.
So how can you partition 12 into 4 numbers, all > 0 ?
1,1,1,9: 1 circular arrangement or way
1,1,2,8: 3 circular arrangements or ways (8 between 1 and 2, or between 2 and 1, or between 1 and 1)
1,1,3,7: 3 ways
1,1,4,6: 3 ways
1,1,5,5: 2 ways (pairs or alternates)
1,2,2,7: 3 ways
1,2,3,6: 6 ways (6 opposite each one, with the other 2 arranged either way)
1,2,4,5: 6 ways
1,3,3,5: 3 ways
1,3,4,4. 3 ways

33 ways 

b) In how many ways can a 7-person committee be selected from the group

Can choose 2, 3, or 4 girls and 5, 4, or 3 boys.
letting C(n,m) mean "n choose m",
we have
C(4,2) Χ C(8,5) + C(4,3) Χ C(8,4) + C(4,4) Χ C(8,3)
the terms are
4 Χ 3 / 2! Χ (8 Χ 7 Χ 6)/3! + 4 Χ (8 Χ 7 Χ 6 Χ 5)/4! + 1 Χ (8 Χ 7 Χ 6)/3! = 672
