   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
Trigonometry Problems

1.) 
A tornado knocks over four trees as described below. The first tree, height 16 m, falls to the right against a second tree and leans against it at an angle of 30 degrees with respect to the ground.  The second tree breaks at the point of contact and the upper part falls to the right and its tip hits the ground at the base of a third tree. This broken upper part of the second tree; however, is still in contact with the bottom part of the second tree at the point of breakage.  Meanwhile the third tree is hit by a fourth tree.  This third tree breaks at the point of contact and the upper part falls to the left, just missing the upper part of the second tree that has already fallen. The tip of the third tree hits the ground at the base of the second tree. Also, this broken upper part of the third tree is still in contact with the bottom part of the third tree at the point of breakage.  The fourth tree which was knocked over into the third tree ends up leaning to the left against the third tree such that the angle between the fourth tree and the ground is 60 degrees.  If the distance between the base of the fourth tree and the base of the third tree is 
[image: image1.wmf]43

 m then at what height above the ground do the broken upper parts of the second and third trees cross each other.    
2.)
If  (( ( ( ( (, solve for ( if   2sin2( ( 2cos2( = 8sin( – 5. 

3.)
A boat sails away from the base of a vertical cliff overlooking a lake. At 1:00 pm the angle of depression of the boat from the top of the cliff is 31(. At 1:30 pm, the angle of depression to the boat is 12(. If the boat is sailing at a constant speed of 6.0 km/h, how far will the boat be from the base of the cliff at 2:00 pm (to the nearest 0.1 km)?

4.)
If  (( ( ( ( (, solve for ( if      8tan( = 3sin(  (in terms of ( or to the nearest 0.01 radians)
5.)
ABCD is a quadrilateral in which (A + (C = 180(. If AB has length 6, AD has length 5, BC has length 4 and diagonal BD has length 7, find the length of CD. (An exact answer is preferred here, but round off any approximate answer used here for the length of CD to 1 decimal place.)
6.)
Find cos72( as an exact value. 

Solutions to Group Problem Set #3
1.
(7 marks)



[image: image2]
In the diagram shown, the first tree is AH, the second tree has parts BH and HD, the third tree has Parts DF and FB and the fourth tree is EF. 
(The diagram is worth 2 marks – 1 mark for any incorrect diagram)


(BAH = 30( and (FED = 60( (as shown in diagram).









In (ABH, HB = 0.5(16) = 8 m (using the special 30-60-90 triangle).

(1 mark)

In (FED, FD = 
[image: image3.wmf]3

(
[image: image4.wmf]43

) = 4(3) = 12 m (using the special 30-60-90 triangle).
(1 mark)
Solution I:

Let GC be represented by x, BC = a and CD = b.
Thus (GCD ~ (HBD (they have common angles and right angles respectively equal) or AA~  

Thus:  
[image: image5.wmf]8
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As well, (GCB ~ (FDB  (right angles and common angles), so we have:    
[image: image6.wmf]12
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Adding [1] and [2], we get:  
[image: image7.wmf]1
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From this we get  12x + 8x = 96  which  yields  x = 4.8

(3 marks – 2 marks for any complete solution with one error, 1 mark for any poor effort)
Solution II:

(GBH ~ (GFD  because (HBG = (DFG and (HGB = (DGF   (AA()

Thus HG:GD = HB:FD = 8:12.







(HBD ~ (GCD  because (HBD = (GCD and a common angle at D   (AA()

Thus HB:GC = HD:GD = (HG + GD): GD = (8+12):12 = 20:12 = 5:3.

Since HB = 8, we have GC = 
[image: image8.wmf]3

5

(8)

= 4.8 


From either solution, the trees cross at a point 4.8 m above the ground.

(3 marks – 2 marks for any complete solution with one error, 1 mark for any poor effort)
Award 7 Marks immediately if the answer is correct without examining the solution.

2. 
(7 marks)


2sin2( ( 2cos2( = 8sin( – 5  becomes  2sin2( ( 2(1 ( sin2() = 8sin( – 5
(1 mark)
which is 2sin2( ( 2 + 2sin2( = 8sin( – 5   or   4sin2( ( 8sin( + 3 = 0

(1 mark)
After factoring, we get  (2sin( ( 1)(2sin( ( 3) = 0   



(1 mark)
Which gives us   sin( = 
[image: image9.wmf]1
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 or  sin( = 
[image: image10.wmf]3
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(1 mark)
But  (1 < sin( < 1, so sin( = 
[image: image11.wmf]3

2

 is inadmissible.  We have  ( = 
[image: image12.wmf]6
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 or 
[image: image13.wmf]5
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  (as (( ( ( ( ().

(3 marks – 2 marks for any complete solution with one error, 1 mark for any poor effort)
3.
(9 marks)

[image: image14]
(The diagram is worth 1 mark)


Between 1:00 PM and 1:30 PM, the boat sails (0.5)(6.0 km) = 3 km. (i.e. CD = 3)  
(1 mark)
(ACB = 31( and (ADB = 12(. 






(1 mark)
Solution I:

Let BC be represented by x, and AB be represented by y.



We have tan31( = 
[image: image15.wmf]y

x

  thus  y = xtan31(  [1]  




(1 mark)
and tan12( = 
[image: image16.wmf]3
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 thus  y = (3+ x)tan12(  [2].




(1 mark)
Combining [1] and [2], we get:
 xtan31( = (3+ x)tan12( 


(1 mark)
This gives:
xtan31( ( xtan12(  = 3tan12(
and

x =  
[image: image17.wmf]3tan12

tan31tan12

°

°-°

 = 1.64 = BC
(2 marks - 1 mark for any failed effort)
At 2:00 PM, the boat is 1.64 + 3 + 3 =7.64 or 7.6 km (to nearest 0.1 km) away from B.  (1 mark)
Solution II:

Let BC be represented by x and AD by y. Hence (ACD = 149( and (CAD = 19( (using properties of angle sums and supplementary angles).




(1 mark)
Using the sine law, we get:   
[image: image18.wmf]sin149sin19
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(1 mark)
which  yields y = 4.7








(1 mark)
In (ABD, 
[image: image19.wmf]4.7
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(1 mark)
which gives  
[image: image20.wmf]4.7
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(1 mark)


Therefore at 2:00 PM the boat is 4.6 + 3 = 7.6 km away from the base of the cliff.
(1 mark)
4.
(6 marks)


Since tan( = 
[image: image21.wmf]sin

cos

q

q

, 








(1 mark)
we get:

[image: image22.wmf]8sin

3sin
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q

q

q
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   or   8sin( = 3sin(cos(




(1 mark)
which gives:
8sin( ( 3sin(cos( = 0   and   sin((8 – 3cos() = 0


(1 mark)
Thus we get:
sin( = 0   or   cos( = 
[image: image23.wmf]8
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(1 mark)
If  sin( = 0, we have  ( = ((, 0 and (     and  cos( = 
[image: image24.wmf]8

3

 is inadmissible.


(2 marks - 1 mark for any incorrect attempt)
5.
(10 marks)


[image: image25]
(1 mark for a correct diagram)

Use the cosine law to find (A in (ABD, we get:

cosA = 
[image: image26.wmf]222
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[image: image27.wmf]222
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(1 mark)
Thus (A = cos(1
[image: image29.wmf]1
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  (and (A must be acute). 



(1 mark)
Since (C = 180( – (A,  







we have  (C = cos(1 
[image: image30.wmf]1
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  and  cosC = 
[image: image31.wmf]1
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  (since (C is obtuse).

(1 mark)
Use the cosine law to find CD = b in (CBD, we get:

c2 = a2 + b2 – 2abcosC   and thus  72 = 42 + b2 – 2(4)b
[image: image32.wmf]1
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(1 mark)
This gives us:
49 = 16 + b2 – 8
[image: image33.wmf]1
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(1 mark)
or    0 = 5b2 + 8b – 165   (on simplifying) 




(1 mark)
Factoring gives:     0 = (5b + 33)(b – 5)    




(1 mark)
or   b = 
[image: image34.wmf]33
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  (which is inadmissible)   or  b = 5.





Hence the length of CD is 5 units. 
(2 marks - 1 mark for any incorrect attempt)
Note that a solution which finds approximate values for (A and (C (as 78.5( and 101.5( respectively) will produce a final length for CD of between 4.9 and 5.1 (depending on the accuracy used). This solution would still require the cosine law, but the solutions for b could be found by using the quadratic formula as well as by factoring. 

Such a solution is worth only 9 marks in total.
6.
(18 marks)

Consider the isosceles triangle and right triangle shown below (next page).

Let the length of the equal sides of the isosceles triangle be 1 and the length of the base be 2x
Thus the right triangle has base x and hypotenuse 1.

[image: image35]
(This information is given in the lesson which precedes this problem set – no marks to here)

In the right triangle, cos72( = x  [1]
(adjacent divided by hypotenuse)
(1 mark)
In the isosceles triangle, we will solve for 2x using the cosine law.

(2x)2 = 12 + 12 – 2(1)(1) cos36(  






(1 mark)
4x2 = 2 ( 2 cos36(
Dividing both sides by 2 we get:
2x2 = 1 ( cos36(    [2]



(1 mark)
Using cos2( = 2cos2( ( 1 , we get:    cos72( = 2(cos236() – 1 


(1 mark)
Thus, we get   2(cos236() = cos72( + 1

or  cos236( = 
[image: image36.wmf]2
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(1 mark)
and thus  cos36( = 
[image: image37.wmf]2
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 (the positive root because cos36( > 0)

(1 mark)
but from  [1]  we have cos72( = x, so we have:
cos36( = 
[image: image38.wmf]2
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   [3]

(1 mark)
Substituting  [3]  into [2]  we get:

2x2 = 1 ( 
[image: image39.wmf]2
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(1 mark)
Solve for x in equation [4] we get:     
[image: image40.wmf]2
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 = 1 – 2x2


[image: image41.wmf]2

1

+

x

 = 1 – 4x2 + 4x4    (squaring both sides)




(1 mark)
or  x + 1 = 2 – 8x2 + 8x4    

8x4 ( 8x2  (  x + 1 = 0







(1 mark)
(x – 1)(8x3 + 8x2 – 1) = 0







(1 mark)
Let P(x) = 8x3 + 8x2 ( 1
Since P(
[image: image42.wmf]1
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, thus 2x + 1 is a factor of P(x).



(1 mark)
Dividing  8x3 + 8x2 ( 1  by  2x + 1  yields  quotient  4x2 + 2x – 1   

(1 mark)
Thus we get:    (x – 1)(2x + 1)(4x2 + 2x – 1) = 0




(1 mark)
Thus we have   x = 1  or  x = (
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  or  x = 
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(1 mark)
(But  x = cos72( and  0 <cos72( < 1 so the first two roots are inadmissible.)
(1 mark)
Thus x = 
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(1 mark)
However, cos72( is positive, so we have:   cos72( = 
[image: image48.wmf]15
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(1 mark)
Quick Mark Summary For This problem Set:
1. 7 Marks

2. 7 Marks

3. 9 Marks

4. 6 Marks

5. 10 Marks

6. 18 Marks

Total Possible Marks for Problems Set #3 is 57
Indicate Total Team Score Only on Blackboard Summary (Never give percentages)
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