THE MATRICULATION 26.3.1999 MATHEMATICS
EXAMINATION BOARD ADVANCED COURSE

Questions 5, 6, 7, 9 and 10 have alternatives, of which only one can be chosen.

Solve the equation®’ (2x+1)(1—2x)(x+1) =0, 2° (2x+1)(1—2x)(x+1) = 1.

In a company, research and development expenses were 12.0 % of the annual turnover
in 1996. The following year the expenses were 2 % less of the annual turnover than in
1996. On the other hand, research and development expenses had increased 14 % in 1997.
How much, expressed as a percentage, did the turnover of the company increase in 1997
compared with the previous year?

The sine of the angle between the base and a side in an isosceles tria@gl%irisl the
exact value and the approximate value, with three decimals, of the cosine of the vertex.

Find the derivative of (x) = e~20<2?, Which values ok makef’(x) negative?

a) Oil for a chain saw is sold in 1 litre and 3 litre plastic bottles. The bottles have the same
shape and the amount of plastic is proportional to the surface area of the bottles. Find the
ratio of the amount of plastic in the bottles. How much per cent less plastic has been used
for each litre of oil in a 3 litre bottle than in a 1 litre bottle?

b) A community is expected to have 60 newborn children during the next year. The sexes
of the children are independent and the probability that a child is a bapi80 Which
distribution is used to describe the number of girls and boys? Find the expectation values
for the number of girls and for the number of boys. Find the probability that there are
exactly the same number of girls and boys.

a) Let a, b andc be real numbers. Derive the formula for all real solutions of the equation
ax® + bx+c= 0. (Note the casa = 0 and the other special cases.)

b) During a revolution the piston of an automobile engine goes down and then up to the
initial position. The wheel of an automobile turns at 780 revolutions per minute when
the revolution counter of the automobile engine shows 4000 revolutions per minute. The
diameter of the wheel is 73 cm. The distance from the highest position to the lowest
position of the piston, i.e. the stroke, is 70 mm. Find the total distance traveled by the
piston when the automobile is used for a trip of 60 kilometres.
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a) A body is moving along the real axis and at the montent0 it is at the poini(t) =
t24 |1 —t|. At what time is the body closest to the origin? Which points has the body
passed in the time intervid, 2]?

b) Consider the vector&&, Cﬁ% andCY) in the coordinate system with origi@. The
pointsA, B andC form a triangle. One of the points is connected with a line segment to
the midpoint of the opposing side and a pddivides this segment in the ratio 1 : 2; the

part meeting the opposing side is shorter. Find the formuleﬁ?ﬂélin terms ofCTA, Cﬁ%
andOC. What conclusion can be made from this result?

A point (x,y) on the curvey = sinx, 0 < X < 1, is connected to the-axis with the straight
line segment parallel to the liney = —%x. Find the areaA, expressed as a function of
x, of the plane domain bounded by the curve in the intej@ad, the segmeni and the
x-axis. Findx such thafA has the maximum value.

a) Consider the circleKy: X% +y? + 4y = 0 andKy: x?+y? — 10x— 4y+28= 0 and the
pointP = (4,0). Find the probability that a random line throuBimeets bottK; andKs.

b) A bacteria populatiog(t) at timet > 0 satisfies the differential equatigfit) = ay(t) —
by(t)?, wherea > b > 0. Suppose that(t) € ]0, 2[ for eacht > 0. Show, without solving
the equation, that is strictly increasing. Find the populatig(tp) atto > O provided that
the ratey/(t) of the growth of the population has the maximum valug at

a) A function f : R — R is periodic, with a periodo # O, if f(x+ w) = f(x) forall x € R.

Find an example of a continuous periodic function and of a discontinuous periodic func-
tion. Is the derivative of a periodic function periodic? Show that a continuous periodic
function has a maximum value.

b) 1° Show that the number
anl0"+an-110" 1 +an 210" ?+ -+ a110+ag

in the decimal number system is divisible by three if and onbpy-a; +ax+---+an is
divisible by three. 2° Show that the number?792+4 21573{s divisible by three.



