ANSWER KEY


Extra Probability Problems—Challenging! 

(OPTIONAL—just for fun!)  

1. In a game of poker, what is the probability that a 5-card hand will contain (a) a straight (five cards in unbroken numerical sequence), (b) four or a kind, and (c) a full house (three cards of one value and two cards of another value)?  

(a) Think of this one as follows: there are 10 possible straights since aces can count as the lowest or highest card (ace-through-five, two-through-six,….., ten-through-ace). So, calculate the probability of one particular straight, and then multiply this probability by 10 (they’re all equally likely). We can use the “choosing function here”:

P(ace-through-five straight) = 
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10x(.000394)= .0039

0.39% chance

*OR, alternatively, you can think about this problem in terms of probabilities.  You can multiply the probabilities of getting: ace on the first draw (4/52), two on the second draw (4/51), three on the third draw (4/50), four on the fourth draw (4/49), five on the fifth draw (4/48) as:

P(ace, 2,3,4,5) = 
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BUT—this only gives you the probability of this one particular sequence of drawing the cards.  You would also get a straight if you drew these cards in any other order. 

For example, the probability of drawing five, then four, then three, then two, then ace is also:

P(5,4,3,2,ace) = 
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How many such sequences are there?  There are 5! ways (5 ways to arrange 5 distinct cards) you could draw these five cards.

P(ace-through-five straight) = 
[image: image4.wmf]000394

.

!

5

48

4

49

4

50

4

51

4

52

4

=

x

x

x

x

x


10x(.000394)= .0039

0.39% chance

Note: you may also see the probability of a straight calculated as 
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In this case, the probability of a straight flush (a straight where all the cards are of the same suit) has been subtracted from the probability of a straight, since these are considered distinct hands. The four represents that there are only 40 straight flushes possible (4 suits for each of the ten sequences).

(b) There are 13 distinct sets of four-of-a-kind (all the aces, all the kings, all the queens, etc.).  So, calculate the probability of a particular four-of-a-kind (say four kings) and then multiply by 13.  There are 48 ways to get four kings in a hand of five cards: you have to get all four kings, but your fifth card can be any of the remaining 48 cards.  

P(four-of-a-kind)= 
[image: image6.wmf]=

=

=

÷

ø

ö

ç

è

æ

=

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

49

50

51

52

120

13

1

2

3

4

5

48

49

50

51

52

48

13

48

13

13

52

5

52

5

48

1

4

4

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

.00024 or .024% chance

(c) This is similar to the problem that you had for homework, where I asked you to calculate a full house of kings and aces.  The probability of any particular full house (as calculated in your homework) was:
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But how many distinct full houses are there?  There are ‘13 choose 2’ possible pairs (aces,kings; aces, twos; aces, threes; kings, twos, etc.)  and for each pair, there are two possible arrangements: you could have 3 kings and 2 aces or 2 aces and 3 kings.  Therefore, the number of distinct full houses is:
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(P(full house) = 
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.00144 or 0.14% chance

So, a four-of-a-kind beats a full house, which beats a straight (though straight flush beats them all!)

2. If a five-letter word is formed at random (meaning that all sequences of five letters are equally likely), what is the probability that no letter occurs more than once?

Denominator (with replacement, since letters can repeat): 
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Numerator (without replacement, since no letters can repeat): 
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Like the birthday problem, since the denominator has to be calculated considering order, so does the numerator (therefore, use permutations rather than choosing).

(P(no letter repeats) = 
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3. An elevator containing five people can stop at any of seven floors. What is the probability that no two people get off at the same floor?  Assume that the occupants act independently and that all floors are equally likely for each occupant.

Same logic as problem (2):

Denominator (with replacement, since everyone could get off at the same floor): 
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Numerator (without replacement): 
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(P(no two people on the same floor) = 
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4. A monkey at a typewriter types each of the 26 letters of the alphabet exactly once, the order being random. What is the probability that the word Hamlet appears somewhere in the string of letters?

Hamlet (a 6-letter string) could appear in 21 different spots in the 26-letter string (e.g., spot 1: Hamletcxs…; spot 2: cHamletcksd…; spot 3: ckHamletdsfd…; etc. up to: spot 21: qwryuiopsdfghjkzxcvbnHamlet

The remaining 20 letters can be arranged in any sequence (there are 20! ways to arrange the other 20 letters in the remaining 20 spots).

Therefore, there are 21x20! = 21!  ways to get Hamlet. 

There are 26 letters to fill 26 spots, so there are 26! total arrangements of the letters. 


(P(getting Hamlet) = 
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5. Suppose that the probability of living to be older than 70 is 0.6 and the probability of living to be older than 80 is 0.2.  If a person reaches her 70th birthday, what is the probability that she will celebrate her 80th?

P(>70 years) = 0.60

P(>80 years) =0.20

Use Bayes’ Rule:

P(>80/>70) = 
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6. A hat contains a number of cards, with 30% white on both sides, 50% black on one side and white on the other, 20% black on both sides.  The cards are mixed up, then a single card is drawn at random and placed on the table.  If the top side is black, what is the chance that the other side is white?
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