
EXAM P QUESTIONS OF THE WEEK
S. Broverman, 2006

Week of March 6/06

A study of international athletes shows that of the two performance-enhancing steroids Dianabol
and Winstrol, 5% of athletes use Dianabol and not Winstrol, 2% use Winstrol and not Dianabol,
and 1% use both. A breath test has been developed to test for the presence of the these drugs in
an athlete. Past use of the test has resulted in the following information regarding the accuracy of
the test. Of the athletes that are using both drugs, the test indicates that 75% are using both
drugs, 15% are using Dianabol only and 10% are using Winstrol only.  In 80% of the athletes
that are using Dianabol but not Winstrol, the test indicates they are using Dianabol but not
Winstrol, and for the other 20% the test indicates they are using both drugs. In 60% of the
athletes that are using Winstrol but not Dianabol, the test indicates that they are using Winstrol
only, and for the other 40% the test indicates they are using both drugs. For all athletes that are
using neither Dianabol nor Winstrol, the test always indicates that they are using neither drug.
Of those athletes who test positive for Dianabol but not Winstrol, find the percentage that are
using both drugs.

The solution can be found below.



Week of March/06 - Solution

We define the following events:
H - the athlete uses Dianabol
[ - the athlete uses Winstrol
XH - the test indicates that the athlete uses Dianabol
X[  - the test indicates that the athlete uses Winstrol

We are given the following probabilities
TÐH ∩[ Ñ œ Þ!& ß T ÐH ∩[Ñ œ Þ!# ß T ÐH ∩[Ñ œ Þ!"w w   ,
TÐXH ∩ X[ lH ∩[Ñ œ Þ(& ß T ÐXH ∩ X[ lH ∩[Ñ œ Þ"& ß T ÐXH ∩ X[ lH ∩[Ñ œ Þ" ßw w

T ÐXH ∩ X[ lH ∩[ Ñ œ Þ# ß T ÐXH ∩ X[ lH ∩[ Ñ œ Þ) ßw w w

T ÐXH ∩ X[ lH ∩[Ñ œ Þ% ß T ÐXH ∩ X[ lH ∩[Ñ œ Þ'w w w .

We wish to find   .TÐH ∩[lXH ∩ X[ Ñ œw TÐH∩[∩XH∩X[ Ñ
TÐXH∩X[ Ñ

w

w

The numerator is   TÐH ∩[ ∩ XH ∩ X[ Ñ œ TÐXH ∩ X[ lH ∩[Ñ † T ÐH ∩[Ñw w

œ ÐÞ"&ÑÐÞ!"Ñ œ Þ!!"& .

The denominator is
TÐXH ∩ X[ Ñ œ TÐXH ∩ X[ ∩H ∩[Ñ  TÐXH ∩ X[ ∩H ∩[Ñw w w w  
 TÐXH ∩ X[ ∩H ∩[ Ñ  TÐXH ∩ X[ ∩H ∩[ Ñ  w w w w w

We have used the rule    , where  TÐEÑ œ TÐE ∩ F Ñ  TÐE ∩ F Ñ â F ßF ß ÞÞÞ" # " #

forms a partition. The partition in this case is  F œ H ∩[ ß F œ H ∩[ ß" #
w

F œ H ∩[ ß F œ H ∩[$ %
w w w , since an athlete must be using both, one or neither of the drugs.

We have just seen that   .TÐXH ∩ X[ ∩H ∩[Ñ œ Þ!!"&w

In a similar way, we have
TÐXH ∩ X[ ∩H ∩[Ñ œ TÐXH ∩ X[ lH ∩[Ñ † T ÐH ∩[Ñ œ Ð!ÑÐÞ!#Ñ œ !w w w w w  , and
TÐXH ∩ X[ ∩H ∩[ Ñ œ TÐXH ∩ X[ lH ∩[ Ñ † T ÐH ∩[ Ñ œ ÐÞ)ÑÐÞ!&Ñ œ Þ!%w w w w'  , and
TÐXH ∩ X[ ∩H ∩[ Ñ œ TÐXH ∩ X[ lH ∩[ Ñ † T ÐH ∩[ Ñ œ Ð!ÑÐÞ*#Ñ œ !w w w w w w w w

(note that  TÐH ∩[ Ñ œ "  TÐH ∪[Ñw w

œ "  TÐH ∩[ Ñ  TÐH ∩[Ñ  TÐH ∩[Ñ œ Þ*#w w   .

Then,    , 3.6% .TÐH ∩[lXH ∩ X[ Ñ œ œ Þ!$'w Þ!!"&
Þ!!"&!Þ!%!


