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Questions

Note: Explain all of your work, including calculations, clearly and in detail.

Lack of detail may lower your score or lead to the disqualification of your exam.

Answer four of the questions 1-8 (each question — 25 points).
Note: If you answer more than four questions, only the first four answers in your answer booklet will be

graded.

Part One — Algebra, Analytical Geometry, Probability

1. On aregular day, a train travels along a 300 km route at a constant speed.
One day the train traveled along the entire route at a speed that was 25% faster than its speed on a
regular day, and therefore its travel time was half an hour less than on a regular day.

N.  Find the speed of the train on a regular day and its travel time on a regular day.

On another day the train traveled for t minutes at the speed at which it travels on a regular day, but

then had to reduce its speed by 10 km/h, and continued traveling at this lower speed until it reached
the end of the route. On that day the train's travel time was 10 minutes longer that its travel time on
a regular day.

2. Find t.

Continued on page 3 p
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2.

Given: Quadrilateral ABCD. Vertex A lies on the positive

y D
section of the y-axis and Vertex B lies on the x-axis.
Point M is located on Side BC, such that Line DM is parallel
to the y-axis (see figure).
Given: The x-coordinate of Point M is 6.
The equation of Side BC is: y= %x —-2.
N, Find the coordinates of Points B and M .
C
Given: AB=2'BM . A
3. Find the coordinates of Point A . . M
B X
Given: AD is perpendicular to AB .

».  Find the coordinates of Point D .

Given: BC is perpendicular to CD .

7. Find the equation of the circle that circumscribes Triangle MDC .

In a certain city a survey was conducted to investigate how many of the city's residents ride a
bicycle.

The survey participants were divided into two groups: adults and young people.

Let x denote the probability of randomly choosing a young person from among the survey
participants.

The survey found that:

80% of the young people ride a bicycle.

The number of young people who ride a bicycle is 4 times greater than the number of adults who
do not ride a bicycle.

We know that the probability of randomly choosing a survey participant who does not ride a bicycle
is 0.1.

N. Find x.

A survey participant was randomly chosen.

3. If we know that an adult was chosen, what is the probability that this adult rides a bicycle?

3. What is the probability that the participant chosen is a young person or someone who rides a
bicycle?

7. We know that 3,850 adults who ride a bicycle participated in the survey.

How many people in total participated in the survey?

Continued on page 4 p
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Part Two — Planar Geometry and Planar Trigonometry

4. Given: acircle. Chords AC and BD intersect at Point F (see figure).
N. Prove that A AFB~ A DFC .

Given: <DAB=<DCB .

a.  Prove that BD is a diameter of the circle. F

Given: FC=+18 , AF=+32 , DF<BF .
The radius of the circle is 5 . C
5. Find the length of Segment BF .

Given: Point E is the midpoint of Segment AF , and Point G is the midpoint of Segment FB .

DC=V10 .
7. Find the length of Segment EG .

5. Given: Triangle ABC (see figure).
. AC_2 — 1900 A
Given: BC=3 > ILBAC=120°.
N, Calculate the size of the angle < ABC .
Given: BC= 12. B C

AD is the median to Side BC of the triangle.

3. Calculate the length of Segment AD .

Point F is the midpoint of Segment AD , and Point G is located on Side AB .
Given: The area of Triangle GAF equals 2 .
5. Calculate the length of Segment AG .

Continued on page 5 p
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Part Three — Differential and Integral Calculus of Polynomials,
of Rational Functions, and of Root Functions

6. Given: the function f(x)= p 2a 3 . a>0 isa parameter.
X~ —X

N. (1) Find the domain [n77nn onn] of the function f(x) .
(2) Write out the equations of the asymptotes of the function f(x) that are perpendicular to
the axes.
3. Find the x-coordinate of the extremum [)3>pn nTp)] of the function f(X) , and determine what
type of extremum it is.

>, Find the intervals on which the function f(x) is increasing and decreasing.

Given: The y-coordinate of the extremum of the function is % .
7. Find a.
n. (1) Sketch a graph of the function f(x) .
(2) Sketch a graph of the derivative function f’(x) .
3. Calculate the area of the region bounded by the graph of the derivative function f’(x) ,the

x-axis, and the line x =2 .

Continued on page 6 p
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7.

f(x) is a function whose derivative function f’(x) is described by
graph in the figure on the right.

The graph intersects the x-axis only at the origin and at the point
at which x=a..

a is a positive parameter.

N. Find the x-coordinates of the internal extrema [)3>pn MTpy] of

the

the function f(x) , and determine what type of extrema they are, based on the graph

(if necessary, express them in terms of a ). Explain your answer.

Given: f(x)=x%+v/5—x .
3.  Find the domain [n37301n 0Inn] of the function f(X) .

>, Find a.

7. Find the coordinates of the intersection points of the graph of function f(x) with the x-axis.

n.  Sketch a graph of function f(x) .

Given: the function g(x)=—3f(x) .

3. Find the equations of the tangents to the graph of the function

The figure to the right describes the graph of the
function f(x)= % , which is defined for any x>0 .
Also shown is thxe line y =— %x .

Point A is located on the graph of the function f(x)

in the first quadrant.

g(x) that have a slope of O .

From Point A , a line was drawn parallel to the y-axis.
This line intersects the line y =— %X at Point B .
N, Find the coordinates of Point A for which the area
of Triangle AOB is minimal ( O is the origin).
3. Isthere a Point A for which the area of Triangle AOB is 4 ?

Explain your answer.

Good Luck!
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