
Mathematics Assessment #1

Trigonometry and Congruency

6th April, 2018

Max time: 1 hour

Some guidelines as you attempt these problems:

• Don’t spend too much time on any one question; use the allotted time wisely.

• You will be given credit for clear working and correct reasoning resulting in partial credit if you are unable to
fully solve a problem.

• You are not expected to necessarily solve all problems; instead aim to give complete solutions to the problems
you are confident about.

• All questions carry equal weightage.

• Hints to selected problems are available at the end, but you are discouraged to use them and may resort to them
only after you are absolutely unable to make progress on a problem.

1 Problem 1

Show that the area of any triangle ABC is 1
2 .AB.AC. sinA.
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2 Problem 2

ABCD is a rhombus whose diagonal AC makes an angle α with AB. If cosα = 2
3 and OB = 3 cm, then find the

length of the side and the diagonals of the rhombus.

3 Problem 3

Prove that:

1−sin θ
1+sin θ = (sec θ − tan θ)2

4 Problem 4

Using the following trigonometric identities for θ = 30◦ and α = 45◦ to calculate sin 75◦ and cos 75◦:

• sin(θ + α) = sin θ. cosα+ sinα. cos θ

• cos(θ + α) = cos θ. cosα− sin θ. sinα

Using the values you obtain during the verification of the above identities, calculate tan(75◦).

Bonus question: Can you see how the above formulae may be used to deduce the value of sin(15◦) and cos(15◦)?
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5 Problem 5

Explain why the following statements are true using diagrams and rigorous arguments:

• sin 0◦ = 0, sin 90◦ = 1

• cos 0◦ = 1, cos 90◦ = 0

6 Problem 6

Find the numerical value of the following trigonometric expression:

tan 30◦ tan 45◦ tan 60◦ − cot 32.5◦

tan 57.5◦ + 1−cos 21◦ sin 69◦

sin2 21◦

7 Problem 7

A friend of yours asserts that the S.S.A is a valid criterion for the congruency of two triangles. Give a counterexam-
ple, by drawing and labelling two triangles of your choice, to show your friend that their assertion is incorrect.

8 Problem 8

In the diagram below, ABCD is a square and CDE is an equilateral triangle.

Prove that: (i)AE = BE, and (ii) ∠EBC = 15◦
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9 Problem 9

Study the following proof from number theory carefully:

Assume, if possible, that the number of primes is finite. Let the finite primes be p1, p2, . . . , pk, where pk is the largest
prime.

Then, consider the number N = p1p2 . . . pk + 1.

This number is then either composite or prime (any number other than 1 has this property!). If it is prime, then our
assumption that pk is the largest prime is immediately contradicted, since N would clearly be a prime that is greater
than pk. Thus ruling out the possibility that N is prime, we carry on with the claim that it is composite.

Now, since N is composite, there ought to be a prime that divides it without leaving any remainder (definition of
a composite number). Let’s examine which of the existing primes, p1, p2, . . . , pk, divides N . The answer is: none of
them! Clearly, when N is divided by p1, a remainder of 1 will be obtained; similar will be the case for the remaining
primes. Therefore, it seems that N is not divisible by any of the existing primes. This leads to the conclusion that
N is neither prime nor composite: an absurd conclusion. Our assumption therefore must be incorrect...

(If any step is unclear, you may ask for further explanation from the invigilator.)

Write your responses for the following questions:

• Guess the statement of the theorem for which this proof has been proposed.

• What is the technique of proof that has been used?
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• Describe briefly, in a paragraph, what you felt about this proof.

10 Hints to selected problems

10.1 Problem 1

Recall that the area of a triangle is 1
2 × base × height. To be able to use this formula, what do you need? A base,

which is already there, and a height, which you have to construct. It should be straightforward after this.

10.2 Problem 2

Don’t ignore the fact that ABCD is a rhombus! (In a rhombus, all sides are equal...)

10.3 Problem 3

Multiply and divide the LHS by (1 − sin θ)...

10.4 Problem 7

This is not as tough as it may look!
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