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Mathematics
5 Points — 2nd Exam

Instructions for examinee

~. Duration of the exam: Two hours and fifteen minutes.

1. Exam structure and breakdown of points:

This exam consists of two parts.
Part One: Analytical Geometry, Vectors,
Spatial Trigonometry, Complex Numbers
2x33L —

3
Part Two: Growth and Decay, Power Functions,

2 .
66§ points
Exponential and Logarithmic Functions

1
1 ><33§ — 333 points

Total — 100 points

). Material that may be used during the exam:

(1) Anon-graphing calculator. You may not use the
programming options of a programmable calculator.
Use of a graphing calculator or programming options
may lead to the disqualification of your exam.

(2) Formula sheets (attached).

(3) A Hebrew-foreign language/foreign language-Hebrew
dictionary.

7. Special instructions:

(1) Do not copy the question, but do indicate the number of
the question you are answering.

(2) Start each question on a new page.

Write the steps of the solution in the answer booklet,
even when the calculations are done with a calculator.
Explain all of your work, including calculations,

in detail and in a clear and organized fashion.

Lack of detail may lower your score or

lead to the disqualification of your exam.

(3) For draft paper, use the pages in the answer booklet.
Use of other draft paper may lead to the disqualification

of your exam.

Good Luck!
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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.

Part One — Analytical Geometry, Vectors, Spatial Trigonometry,
and Complex Numbers (665 points)

Answer two of the questions 1-3 (each question — 33% points).
Note: If you answer more than two questions, only the first two answers in your answer booklet

will be graded.

1. Acircle centered at Point M intersects the positive section of the y-axis y
at Point A, as shown in the figure at the right. A
A line was drawn from the center of the circle, perpendicular to the
y-axis and intersecting the y-axis at Point E. M
Given: AE=6. X

Given also: The distance of Point M from the origin is half of the

length of the radius of the circle.
N. Prove that the locus [ omxy mpn] of all the points M that satisfy the data given in this

question is located on an ellipse, and find the equation of that ellipse.

Let F, and F, denote the foci of the ellipse [n02>5xn >7210] whose equation you found in
Item x.

Points D, and D, are points on the ellipse.

The y-coordinate of D, is positive, and the y-coordinate of D, is negative.

a. (1) Find the greatest possible area for the quadrilateral F,D,F, D, . Explain.

(2) Isthere a quadrilateral F,D,F,D, whose perimeter is greatest? Explain.

Continued on page 3 p
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2.

Given: Pyramid OBCDE, whose base OBCD is a square.

Edge OE is perpendicular to the plane of the base.

Given: OD =4, 0E = 12.

The pyramid was placed on a set of axes so that Point O is the origin
and Points D, B, and E are located on the x-, y-, and z-axes, respectively
(as shown in the figure).

N. Find the parametric representation of Line EC.

Point N is located on Edge EC. A perpendicular to the base of the
pyramid is dropped from Point N, intersecting the base at Point F.

The distance of Point F from the y-axis is 3.

a. Find the coordinates of Point N.

5. Find the size of the angle between Plane BCN and the base of the pyramid, OBCD.

K is a point on Edge EC such that KOBCD is a right pyramid (OBCD is the pyramid's base).

=

Find the parametric representation of the line on which the height to the base from

Point K lies.

~. Find all the solutions of the equation z

1)

(2

»o. (D)

(2

3=7.,2#0.z isa complex number.

Find the equation of the locus [»vmxy oypn] of all points in the Gaussian plane that
satisfy z°+(z)°=1.
Show that all solutions of the equation in Item x are located on the locus you found

in Sub-item 2(1).

The points corresponding to the equation's solutions that you found in Item x

are rotated by a 45° angle (counter-clockwise).

Given: Each of the points obtained following the rotation corresponds to a number
that satisfies the equation z*=a .

Find the value of a .

The points corresponding to the equation's solutions that you found in Item x

are rotated by an angle of size a (counter-clockwise).

Prove that the sum of the numbers corresponding to the points obtained following

the rotation is equal to 0.

Continued on page 4 p
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Part Two — Growth and Decay, Power Functions,
Exponential and Logarithmic Functions (33% points)
Answer one of the questions 4-5.
Note: If you answer more than one question, only the first answer in your answer booklet will
be graded.

edX _ oX
e —3eX+27

The function has a vertical asymptote x ={n2 .

4. Given: the function f(x)= a is a parameter.

N. Find the value of a .

Substitute the value of a that you found, and answer Items n-1.

a. Find the domain [n77300 ownn] of the function f(x) and show that for all x # 0 in the

5 s satisfied.

3. (1) Find the asymptotes of the function f(x) that are perpendicular to the axes.

. eX
domain, f(x)= X

(2) Find the intervals on which the function f(x) is increasing and the intervals on
which it is decreasing (if there are such intervals).

(3) Sketch a graph of the function f(x).

We define a function h(x)=

e*—2 2|
7. (1) List the asymptotes of the function h(x) that are perpendicular to the axes.

eX 1‘

(2) Sketch a graph of the function h(x).
(3) Calculate the area of the region bounded by the graph of the function h(x), by the

x-axis, and by the lines x=0n8 and x={nl6 .

Given: The function h(x) is symmetric with respect to the line x = ¢n2 .

Points A and B are located on the graph of the function h(x), and they are symmetric with
respect to the line x = ¢n2 .

The x-coordinate of Point Ais £n8 .

n. Find the coordinates of Point B.

Continued on page 5 p
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S.

f(x) is a function that is differentiable [n7°1] for all values of x in its domain [n77300 Dnn].
N. Show that the function f(x) and the function ef®) have extrema [pwp mmp1] at the same

x-coordinates, and that these extrema are of the same type (minimum or maximum).

Given: f(x)=x{n(x") . n is a parameter that is a natural number.
a. Find the domain of the function f(x). Consider different values of n .
3. Find the coordinates of the points of intersection of the graph of f(x) with the x-axis.

Consider different values of n .

Given: The graph of the function f(x) intersects the x-axis at two points.
7. (1) Show that the function f(x) is an odd function.
(2) Find the coordinates of the extrema of the function f(x), and determine what type of
extrema they are (if necessary, express in terms of n).

(3) Sketch a graph of the function f(x) for n=2.

. . . n
n.  Using your answer to Item x, find the coordinates of the extrema of the function extn(x?)
(n is a natural number), and determine what kind of extrema they are (if necessary,

express in terms of n).

Good Luck! IanbYsna
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