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+ Place your team code in the upper right corner of each page that will be turned in.
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4. Let a # —1.

a®+1
a+1
(b) Assume a + 1 is divisible by 5. Show that a* — a® + a — a + 1 is divisible by 5.

(c) Let k > 1 and assume 45°7' + 1 is divisible by 5%. Show that 45" + 1 is divisible by 5%+

(a) Calculate






Freshman-Sophomore Individual Test

Directions: Please answer all questions on the answer sheet provided. All answers must be written legibly in
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specified in the question. No units of measurement are required. Each problem has the same point-value.



11. Let k be the smallest integer and let w be the largest integer such that both & and w are values for x that
satisfy the inequality |2x - 1] <15. Find the value of (3k +2w) .
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1 11.
2 12.
3 13.
4 14.
S 15.
6 16.
7 17.
8 {1
9 19.

10. 20.
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Directions: Please answer all questions on the answer sheet provided. All answers must be written legibly in
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1. Aliyah and Ynez both have sticks (not necessarily the same size). First, Aliyah breaks her stick into
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2. Assume z,y, z are integers with z > y > 0 > 2. Consider the equation

2+ =t S+ 2R

(a) Find a solution where |z| = |z| and |z| + |y| + |z| < 10.
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3. In the circles below, note that: (1) the circles intersect at A and B; (2) M A s tangent to the circle
containing P; and (3) NA is tangent to the circle containing Q.
Recall that the Inscribed Angle Theorem states that an inscribed angle is half the measure of the arc
it intercepts (i.e. subtends). As a consequence, each of the two adjacent angles formed by a tangent

and a chord drawn from the point of tangency is equal to half the measure of the arc it intercepts (i.e.
subtends).

(a) Prove that triangles AQN and AMP are similar.
Solution: By the Inscribed Angle Theorem, ZP = 4N and ZQ = ZM. Combined with the

angle sum formula, these imply that ZNAQ = ZPAM. Since both triangles have same angle
measures, they are similar.

(b) Prove that ZABQ = LM AN.

Solution: Note that angle ABQ is an exterior angle of the triangle ABN; so ZABQ =
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4. Let a # —1.

a®+1
Calculat .
(a) Calculate ]

Solution: Note that a®+ 1= (a+1)(a* —a®+a? —a+1).
(b) Assume a + 1 is divisible by 5. Show that a* — a® + a® — a + 1 is divisible by 5.

Solution: Since 5 divides a+ 1, a + 1 = 5m for some m € Z. Thus a = 5m — 1 As such

- +ad—a+1=0m-1)*-Em—-132+Gm—-12-6Em-1)+1
=(5k4+1)—(5k3—1)+(5k2+1)—(5m—1)+1

=5!ki—k3—u—m)—}:5

: . o e —

i

4 b |

- tet P U I it 7 7 [ 1 — F77
. r
‘




5. In discrete time steps (i.e. t =0,1,2,3,4,...), a contagion spreads around vertices in a graph where

infected vertices are sohd and healthy vertices are open. If an infected vertex has only one healthy
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In general, Cy,, needs 2m initial and m + 1 steps; Cym+1 needs 2m + 1 initial and m + 2 steps;
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6. In chess, a rook (i.e. castle) can move any number of spaces vertically or horizontally. We define the
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Note: All answers must be written legibly and in simplest form. Exact answers are to be given unless
otherwise specified in the question. No units of measurement are required. Each problem has the
same point-value (1 point).
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10.

36

75
13

1080

60

22
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1326

Must be this

o —

Must be exactly
this answer.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

NN

(12,13)

20V21

88.67
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Lose 18

85

144

19

Must be this
reduced fraction.

Must be this
ordered pair.

Must be exactly
this answer.

Must be exactly
this decimal.

Must be this
improper fraction.

Must be exactly
this answer.

Must be exactly
this answer.



