   Submit your solutions on separate paper.  Indicate your school name on each sheet.

   One solution set only is required from each team. 
   Part marks are awarded for partial or incorrect solutions.
   The steps to a solution can be omitted if you are confident your final answer is correct,

   however the steps will be used for part marks for incomplete or incorrect solutions.

   Marks may be deducted for poor mathematical form.
Group Problem Set #3
1.)
Find each of the following as exact answers:


a)   sin 240º

b)  tan 1935º

c)  sin ((2580º)
d)  cos 
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e)   tan 
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f)  sin 
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g)  tan2 
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h)  sin2 
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2.)
Express each of the following in terms of a function of θ. 


a)   sin (270º ( θ)
b)  cos ((270º ( θ)
   c)  cos (θ ( 540º)
   d)  sin ((1350º + θ)

3.)
If  0 ( ( ( 360º, find sin( and tanθ if cos( = 
[image: image6.wmf]35
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(express answer as an exact value).
4.)
If  0 ( ( ( 2(, find 2sinθ  if tan( = 
[image: image7.wmf]13

33

 (express answer as an exact value).
5.)
If  0 ( ( (2(, find all possible values of ( such that sin3( = 
[image: image8.wmf]1
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.
6.)
If  0 ( ( (720º, find all possible values of ( such that sin3( = 
[image: image9.wmf]33
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.
7.)
Simplify fully:  
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8.)
If  0 ≤ θ ≤ 2π, solve 2(sin2θ ( cos2θ) = 8sinθ – 5. 
9.)
Find the length of the line segment joining points A and B (as an exact value) on the graph of   y = cos x, 0 ≤ x ≤ 2π, where AB is a horizontal line with y-intercept of (0.5.

10.)
Find the acute angle between the lines 
[image: image11.wmf]93370
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 and 
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 as an exact angle in radian measure.

Solutions to Group Problem Set #3
Award Full Marks immediately if the answer is correct without examining the solution.
All angles must be radians or degrees as specified by the domain in the question.
1.)
Find each of the following as exact answers:


a)   sin 240º

b)  tan 1935º

c)  sin ((2580º)
d)  cos 
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e)   tan 
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f)  sin 
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g)  tan2 
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h)  sin2 
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 (8 marks  -  1 mark each part  -  no work is required)



a)    
[image: image18.wmf]3
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 b)    (1

c)   
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d)   
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 f)    
[image: image22.wmf]3
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g)    
[image: image23.wmf]1
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h)     
[image: image24.wmf]3
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2.)
Express each of the following in terms of a function of θ. 


a)   sin (270º ( θ)
b)  cos ((270º ( θ)
   c)  cos (θ ( 540º)
   d)  sin ((1350º + θ)

(4 marks  -  1 mark each part  -  no work is required)


a)   (cosθ
       
b)  sin θ
           
c)  (cosθ
   
   d)  cosθ

3.)
If  0 ( ( ( 360º, find sin( and tanθ if cos( =
[image: image25.wmf]35
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 (express answer as an exact value).

(6 marks)
θ lies in quadrant II or quadrant III


(1 mark)
 x = 
[image: image26.wmf]35
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 and  r = 7 




(1 mark)
In quadrant II,  y2 = r2 – x2 = 72 – 
[image: image27.wmf](
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(1 mark)
which gives  y = 2 in quadrant II and y = (2 in quadrant III

(1 mark)


In quadrant II, sinθ = 
[image: image28.wmf]2
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 and tanθ = 
[image: image29.wmf]2

35

-



(1 mark)
In quadrant III, sinθ = (
[image: image30.wmf]2

7

 and tanθ = 
[image: image31.wmf]2
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(1 mark)
Award 6 Marks immediately if the answer is correct without examining the solution.

4.)
If  0 ( ( ( 2(, find 2sinθ  if tan( = 
[image: image32.wmf]13

33

 (express answer as an exact value).

 (7 marks)
θ lies in quadrant I or quadrant III



(1 mark)
In quadrant I  y = 
[image: image33.wmf]13

 and  x = 
[image: image34.wmf]33





(1 mark)
In quadrant III  y = (
[image: image35.wmf]13

 and  x = (
[image: image36.wmf]33




(1 mark)
In both quadrant I and III,  r2 = x2 + y2 = 13 + 27 = 40

(1 mark)
This gives  r = 
[image: image37.wmf]210

 (positive in both quadrants)

(1 mark)
In quadrant I,  2sinθ = 
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 (not required to rationalize denominator)
(1 mark  -  any of the last three versions of the answer are acceptable here)
In quadrant III,  2sinθ = (
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(not required to rationalize denominator)



(1 mark)
5.)
If  0 ( ( (2(, find all possible values of ( such that sin3( = 
[image: image42.wmf]1
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(7 marks)

3θ = 
[image: image43.wmf]5
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     (for 3θ in quadrant III)



(1 mark)
or 3θ = 
[image: image44.wmf]7
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  (for 3θ in quadrant IV)



(1 mark)
Since 0 ( ( ( 2( we have  0 ( 3( ( 6(



(1 mark)
Solution One (for remaining part of answers):

Thus θ = 
[image: image45.wmf]5
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 for 0 ( ( ( 2π (dividing the quadrant III answer by 3)
(1 mark)
Thus θ = 
[image: image46.wmf]13
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 for 2π ( ( ( 4π (add 2π)



(1 mark)
Thus θ = 
[image: image47.wmf]21
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 for 4π ( ( ( 6π (add 4π)


(1 mark)
Similarly for 3θ = 
[image: image49.wmf]7
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  (for 3θ in quadrant IV)  we get θ = 
[image: image50.wmf]7
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(1 mark for the set of three answers here:  deduct only 1 mark if they fail to reduce the two fractions that do reduce)

Solution Two (for remaining part of answers):

Thus 3θ = 
[image: image53.wmf]13
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 for 2π ( 3( ( 4π (adding 2π to the quadrant III answer)
(1 mark)
or 3θ = 
[image: image54.wmf]21
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(1 mark)
Thus θ = 
[image: image55.wmf]5
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(1 mark)
Similarly for 3θ = 
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  (for 3θ in quadrant IV)  we get θ = 
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(1 mark for the set of three here:  deduct only 1 mark if they fail to reduce the two fractions that do reduce)

6.)
If  0 ( ( (720º, find all possible values of ( such that sin3( = 
[image: image62.wmf]33
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(4 marks)


sinθ = 
[image: image63.wmf]3
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= 
[image: image64.wmf]3
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(1 mark)

Thus ( = 240º or 300º or 600º or 660º

(3 marks – 1 mark off for each error)
7.)
Simplify fully:  
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(5 marks)


[image: image66.wmf]3
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= (cosθ
   (1 mark) 
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= (cosθ
(1 mark)
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(1 mark)
Thus 
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 = (2cosθ
(1 mark)
8.)
If  0 ≤ θ ≤ 2π, solve 2(sin2θ ( cos2θ) = 8sinθ – 5. 

(7 marks)

2(sin2θ ( cos2θ) = 8sinθ – 5  becomes  2[sin2θ ( (1 ( sin2θ)] = 8sinθ – 5
(1 mark)
which yields  
4sin2θ ( 2 = 8sinθ – 5    




(1 mark)

and hence          4sin2θ ( 8sinθ + 3 = 0    




(1 mark)
which factors to give      (2sinθ ( 1)(2sinθ ( 3) = 0  



(1 mark)
and hence          sinθ = 
[image: image71.wmf]1
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  or  sinθ = 
[image: image72.wmf]3
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(1 mark)
But sinθ = 
[image: image73.wmf]3
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 is inadmissible (has no solution), so sinθ = 
[image: image74.wmf]1
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(1 mark)
Thus      θ = 
[image: image75.wmf]6
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  or  sinθ = 
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(1 mark)
9.)
Find the length of the line segment joining points A and B (as an exact value) on the graph of   y = cos x, 0 ≤ x ≤ 2π, where AB is a horizontal line with y-intercept of (0.5.

(3 marks)

Since the y-intercept is 
[image: image77.wmf]1
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 and 0 ≤ x ≤ 2π, x must have values 
[image: image78.wmf]2
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(2 marks)
(Assuming A has x-coordinate 
[image: image80.wmf]2
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 and B has x-coordinate 
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(1 mark)
10.)
Find the acute angle between the lines 
[image: image85.wmf]93370
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 and 
[image: image86.wmf]23710
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 as an exact angle in radian measure.

(6 marks)

Let l1 represent the line 
[image: image87.wmf]93370
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, l2 represent the line 
[image: image88.wmf]23710
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, m1 represent the slope of l1, m2 represent the slope of l2, 
[image: image89.wmf]1
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 represent the normal vector to l1, 
[image: image90.wmf]2
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 represent the normal vector to l2, 
[image: image91.wmf]1
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represent the direction vector for l1 and 
[image: image92.wmf]2
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represent the direction vector for l2, θ represent the angle between the lines, α represent the angle between l1 and the x-axis and  β represent the angle between l2 and the x-axis.
Solution One: 
The angle between the lines is the same as the angle between their normal vectors.
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(1 mark)
We have  
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and   
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(1 mark)
which gives 
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(2 marks – 1 mark for any failed effort)
Thus θ = 
[image: image103.wmf]6
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(1 mark)
Solution Two: 
Since 
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(1 mark)
We have  
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which gives 
[image: image113.wmf]cos
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[image: image114.wmf]3
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 (as above)



(3 marks)
Thus θ = 
[image: image115.wmf]6
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(1 mark)
Solution Three: 
The slope of a line is equal to the tangent of the inclination of that line     

Since  m1 = 
[image: image116.wmf]9
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  and  m2 = 
[image: image117.wmf]2
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(1 mark)
tanα = 
[image: image118.wmf]9
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  and tanβ = 
[image: image119.wmf]2
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tanθ = 
[image: image120.wmf](
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Thus θ = 
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(1 mark)
Note that we could have used the formula (slope between lines) 
[image: image124.wmf]12
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 first and then find the tangent of this amount but the students do not see this formula in secondary school mathematics.
Solution Four: 
Translate 
[image: image125.wmf]93370
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 37 units down so that is it becomes 
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 units down so that it becomes 
[image: image129.wmf]230
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.              (1 mark)
The slopes are  m1 = 
[image: image130.wmf]9
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  and  m2 = 
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(1 mark)
[image: image142.wmf]3
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The angles formed by l1 and l2 are α and β respectively; the heights are 9 and 2 and the common base is 
[image: image133.wmf]3
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(1 mark)
We have 
[image: image134.wmf]9
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Thus θ = α ( β = 
[image: image136.wmf]11
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= 30º (by calculator)  

(1 mark)
And we have θ = 
[image: image137.wmf]6
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(1 mark)
Solution Five: 
l1 intersects the y-axis at 
[image: image138.wmf]37

3

= 21.362 and l2 intersects the y-axis at 
[image: image139.wmf]71

3

= 4.865   (1 mark)
Solving l1 and l2, the two lines intersect at approximately ((4.08, 0.151)
(1 mark)
Using the distance formula (Length or Distance = 
[image: image140.wmf](
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) the lengths of the three sides of the triangle formed by l1 and l2 and the y-axis are:

a = 21.362 – 4.865 = 16.497 (along the y-axis where a is opposite θ)
   

b = 6.234 
   


c = 21.600
   (2 marks for the 3 lengths – 1 mark for any incorrect attempt)


Now using the cosine law, θ = 29.981           




(1 mark)
And we have θ = 
[image: image141.wmf]6
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(1 mark)
Quick Mark Summary For This problem Set:

1. 8 Marks

2. 4 Marks

3. 6 Marks

4. 7 Marks

5. 7 Marks

6. 4 Marks

7. 5  Marks
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10. 6 Marks

Total Possible Marks for Problems Set #3 is 57
Indicate Total Team Score Only on Board Summary in Contest Room
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Draw two overlapping right triangles using the two translated lines and perpendiculars to the      y-axis and vertices at the origin (shown at right). The heights are 9 and 2 and the base is � EMBED Equation.DSMT4  ���.
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