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For this paper you must have: * an 8-page answer book * the blue AQA booklet of formulae and statistical tables. You may use a graphics calculator.



Time allowed: 1 hour 30 minutes Instructions Use blue or black ink or ball-point pen. Pencil should only be used for drawing. Write the information required on the front of your answer book. The Examining Body for this paper is AQA. The Paper Reference is MFP2. Answer all questions. Show all necessary working; otherwise marks for method may be lost. * *
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Information The maximum mark for this paper is 75. The marks for questions are shown in brackets. * *



Advice Unless stated otherwise, you may quote formulae, without proof, from the booklet. *



P89696/Jan07/MFP2 6/6/6/



MFP2



2



Answer all questions.



1



(a) Given that 4 cosh2 x ¼ 7 sinh x þ 1 find the two possible values of sinh x .



(4 marks)



(b) Hence obtain the two possible values of x, giving your answers in the form ln p . (3 marks)



2



(a) Sketch on one diagram: (i) the locus of points satisfying j z  4 þ 2i j ¼ 2 ;



(3 marks)



(ii) the locus of points satisfying j z j ¼ j z  3  2i j .



(3 marks)



(b) Shade on your sketch the region in which both



j z  4 þ 2i j 4 2



and



j z j 4 j z  3  2i j



(2 marks)



3 The cubic equation z3 þ 2ð1  iÞz 2 þ 32ð1 þ iÞ ¼ 0 has roots a, b and g . (a) It is given that a is of the form ki, where k is real. By substituting z ¼ ki into the equation, show that k ¼ 4 . (5 marks) (b) Given that b ¼ 4, find the value of g .
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(2 marks)



3



4



(a) Given that y ¼ sech t, show that: (i)



dy ¼ sech t tanh t ; dt



(3 marks)



 2 dy (ii) ¼ sech2 t  sech4 t . dt



(2 marks)



(b) The diagram shows a sketch of part of the curve given parametrically by x ¼ t  tanh t



y ¼ sech t



y K Pðx, yÞ O



x



The curve meets the y-axis at the point K, and Pðx, yÞ is a general point on the curve. The arc length KP is denoted by s . Show that:  2  2 dx dy þ ¼ tanh2 t ; (i) dt dt



(4 marks)



(ii) s ¼ ln cosh t ;



(3 marks)



(iii) y ¼ es .



(2 marks)



(c) The arc KP is rotated through 2p radians about the x-axis. Show that the surface area generated is 2pð1  es Þ



(4 marks)



Turn over for the next question
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s



Turn over



4



5



(a) Prove by induction that, if n is a positive integer, ðcos y þ i sin yÞn ¼ cos ny þ i sin ny 



p p 6 (b) Find the value of cos þ i sin . 6 6



(5 marks) (2 marks)



(c) Show that ðcos y þ i sin yÞð1 þ cos y  i sin yÞ ¼ 1 þ cos y þ i sin y



(3 marks)



(d) Hence show that 



6



p p 6  p p 6 1 þ cos þ i sin þ 1 þ cos  i sin ¼0 6 6 6 6



(a) Find the three roots of z3 ¼ 1 , giving the non-real roots in the form eiy , where p < y 4 p .



(4 marks)



(2 marks)



(b) Given that o is one of the non-real roots of z3 ¼ 1 , show that 1 þ o þ o2 ¼ 0



(2 marks)



(c) By using the result in part (b), or otherwise, show that: (i)



o 1 ¼ ; oþ1 o



(2 marks)



(ii)



o2 ¼ o ; o2 þ 1



(1 mark)



 (iii)
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k k  o o2 2 þ ¼ ð1Þk 2 cos 3 kp, where k is an integer. 2 oþ1 o þ1



(5 marks)



5



7



(a) Use the identity tanðA  BÞ ¼



tan A  tan B with A ¼ ðr þ 1Þx and B ¼ rx to show 1 þ tan A tan B



that tan rx tanðr þ 1Þx ¼



tanðr þ 1Þx tan rx  1 tan x tan x



(4 marks)



(b) Use the method of differences to show that 2p p 2p 2p 3p 19p 20p tan 5 tan tan þ tan tan þ ::: þ tan tan ¼ p  20 50 50 50 50 50 50 tan 50



END OF QUESTIONS
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(5 marks)



AQA – Further pure 2 – Jan 2007 – Answers Question 1:



Exam report



= a ) 4Cosh x 7 Sinh x + 1 2



Using Cosh 2 x − Sinh 2 x = 1, The equation becomes + 1) 7 Sinh x + 1 4(Sinh 2 x= 4 Sinh 2 x − 7 Sinh x + 3 = 0 (4 Sinh x − 3)( Sinh x − 1) = 0 3 Sinh x = or Sinh x = 1 4 2 3  3   −1 3 b) x =Sinh ( ) =ln  +   + 1  4  4 4    3 + 25  ln=   ln ( 2 )  4 



(



) (



or x = Sinh −1 (1) = ln 1 + 12 + 1 = ln 1 + 2



Apart from a few candidates who factorised the quadratic in sinh x incorrectly, most candidates worked part (a) correctly. However, many candidates spent more time on part (b) than was necessary. They expressed sinh x in exponential form and solved the ensuing quadratic equations rather than -1 quote the formula for sinh x given in the formulae booklet which they were entitled to do. This method also led to superfluous incorrect solutions which candidates needed to reject



)



Question 2:



Exam report



a ) i ) Let z A = 4 − 2i and A(4, −2) The point M represents z in the Argand diagram. z − 4 + 2i = 2 z − zA



equivalent to AM 2 2 is =



2 The locus of M is the circle centre A(4, −2) radius r = ii ) Let z B = 3 + 2i and B(3, 2) z = z − 3 − 2i z − zo = z − z B is equivalent to OM= BM The locus of M is the prependicular bisector of OB. b) z − 4 + 2i ≤ 2 is " inside " the circle z ≤ z − 3 − 2i is the "half-plane" containing O.



A few candidates misplotted the centre of the circle, usually at (.4, 2). Apart from this most drew the circle correctly. Not all recognised the line as the perpendicular bisector of the line joining the origin to the point (3, 2) in part (b), but rather thought that this equation represented another circle. This in turn had an effect on the shading in part (c) although the interior of the circle was usually shaded. It should be said that the diagrams were neat and in the main well labelled and in proportion; a great improvement on sketches submitted in previous years.



Question 3:



Exam report



a ) z + 2(1 − i ) z + 32(1 + i ) = 0 has roots α , β , γ α = ki so 3



2



(ki )3 + 2(1 − i )(ki ) 2 + 32 + 32i = 0 − ik − 2k + 2ik + 32 + 32i = 0 3



2



2



(−2k 2 + 32) + i (−k 3 + 2k 2 + 32) = 0 This gives − 2k 2 + 32 = 0 and − k 3 + 2k 2 + 32 = 0 The first equation gives k = 4 or k = −4 −(−4)3 + 2 × (−4) 2 + 32= 64 + 32 + 32= 128 k ≠ −4 − (4)3 + 2 × (4) 2 + 32 = −64 + 32 + 32 = 0 k =4 b) α = 4i , β = −4 and we know that



α + β + γ =−2(1 − i ) 4i − 4 + γ = −2 + 2i γ = 2 − 2i



Although this question was attempted by almost every candidate, there were few whose solutions presented the rigour required. Most substituted ki for z in the cubic 2 equation, equated real parts and subsequently wrote z = 16 2 so z = 4, not realising that z =- 4 was also a root of z = 16 and that imaginary parts had to be equated in order to reject the solution z = 4. Part (b) was not particularly well answered either. The most common errors were errors of sign in the use of α +β +γ or αβγ , and those candidates using the product of the roots made extra work for themselves as they obtained a rational expression for γ which needed to be simplified. Some candidates thought that γ equalled -4i , the complex conjugate of α .



Question 4:



a ) y Sech t = = i)



Exam report



1 Cosh t



1 dy Sech t dy f' (if y = then = − = − 2) 2 dx Cosh t f dx f Generally, candidates scored quite 1 dy Sech t = − × = − Sech t × Tanh t well on this question. Some dx Cosh t Cosh t candidates struggled with part (a)(i) 2



 dy  (− Sech t × Tanh t ) 2 = ii )   = Sech 2t × Tanh 2t d x   Using Tanh 2t = 1 − Sech 2t 2



 dy  2 4 2 2   = Sech t (1 − Sech t ) = Sech t − Sech t d x   b) x = t − Tanh t and y = Sech t 2



dx  dx  1 − Sech 2t and   = 1 − 2 Sech 2t + Sech 4t i) = dt dt   2



2



 dx   dy  1 − 2 Sech 2t + Sech 4t + Sech 2t − Sech 4t   +  =  dt   dt  1 − Sech 2t = Tanh 2t = ii ) s=



∫



t



0



2



2



 dx   dy    +   dt=  dt   dt 



iii ) e s Cosh t =



so= e− s



∫ Tanh (t )dt= [ln(Cosh t )] = t



t



0



0



1 t y = Sech = Cosh t



ln(Cosh t )



by not realising that -1 sech t was (cosh t) , instead expressing sech t in exponential form. This latter method rarely led to a correct solution. However, apart from some sign fudging in part (a)(ii), most candidates were able to recover to answer parts (a)(ii) and (b)(i) correctly. Very few candidates were able to score the three available marks in part (b)(ii), by either ignoring the limits of integration completely or by writing s = ln cosh t + c with no effort to show that the value of c was zero. In spite of some inelegant methods, part (b)(iii) was usually answered correctly.



Question 4: continues



Exam report 2



2



t t  dx   dy  c) S x= 2π ∫ y   +   dt= 2π ∫ Sech t × Tanh t dt 0 0  dt   dt  t Sinh t t t 2π ∫ 2π ∫ Sinh t × Cosh −2t dt = 2π  −Cosh − t t  Sx = dt = 2 0 0 Cosh t 0



S x = 2π ( − Sech t + 1)= 2π (1 + e − s )



because Sech t = e − s ( Qb)iii ) )



Part(c) caused problems, often by -s candidates attempting to integrate e tanh -s t with respect to t by regarding e either as -t a constant or else as e Of those who correctly integrated to arrive at .secht , again very few candidates recognised the need for limits and so were unable to arrive at the printed result.



Question 5:



Exam report



a ) Proposition,Pn : for all n positive integer, (Cosθ + iSinθ ) n = Cos (nθ ) + iSin(nθ ) is to be proven by induction Base case: n = 1, (Cosθ + iSinθ )1 = Cos (θ ) + iSin(θ ) Cos (1θ ) + i sin(1θ ) =Cos (θ ) + i sin(θ ) P1 is true We suppose that for n=k, the proposition is true (Cosθ + iSinθ ) k = Cos (kθ ) + iSin(kθ ) Let ' s show that Pk +1 is true, 1 Cos ((k + 1)θ ) + iSin((k + 1)θ ) let's show that (Cosθ + iSinθ ) k += −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−



(Cosθ + iSinθ ) k +1 = (Cosθ + iSinθ ) k × (Cosθ + iSinθ ) = (Cos (kθ ) + iSin(kθ )) ( Cosθ + iSinθ ) =



[Cos(kθ )Cosθ − Sin(kθ ) Sinθ ] + i [Cos(kθ ) Sinθ + Sin(kθ )Cosθ ]



= using the trig identities: Cos (a + b) Cos (a)Cos (b) − Sin(a) Sin(b) = and Sin (a + b) Sin(a )Cos (b) + Sin(b)Cos (a ) we have : k +1 Cos (kθ + θ ) + iSin(kθ += θ ) Cos ((k + 1)θ ) + iSin((k + 1)θ ) (Cosθ + iSinθ )= −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−



Conclusion : If Pk is true then Pk +1 is true, because P1 is true we can conclude, according to the induction principle, that Pn is true for all n positive integer



It was clear that a good number of candidates had not met the proof of de Moivre's Theorem by induction before and there were not many solutions gaining full marks. It was also not uncommon to see expressions such as cos kθ +i sin kθ + cosθ + i sinθ = cos (k +1)θ + i sin (k +1)θ



Question 5:continues



Exam report



6π 6π π π  b)  Cos + iSin  = Cos + iSin = Cosπ + iSinπ = −1 6 6 6 6  c) (Cosθ + i sin θ )(1 + Cosθ − i sin θ ) = (Cosθ + iSinθ ) + (Cosθ + iSinθ )(Cosθ − i sin θ ) = 6



(Cosθ + iSinθ ) + Cos 2θ + Sin 2θ = Cosθ + iSinθ + 1 d ) (1 + Cos



π



π



π



π



+ iSin )6 + (1 + Cos − iSin )6 = 6 6 6 6



Parts (b) and (c) were generally well done, although in part (c) a number of candidates, when multiplying i sinθ by .i sinθ , 2 wrote .i sin θ and thus were unable to complete this part satisfactorily. Those candidates who spotted the connection between parts (c) and (d) usually went on to write out a correct solution to part (d), but it was disappointing to see



π π π  π π 6 π  6 π π   (Cos + i sin )(1 + Cos − i sin )  + (1 + Cos − iSin ) = Cos iSin + + 1 6 6 6 6 6 6     written as 6







6 6 π π  π π π π 6π 6π (Cos + iSin )6 1 + Cos − iSin  + (1 + Cos − iSin )6 = 16 + Cos + iSin 6 6  6 6 6 6 6 6 6



π π π π  − 1× 1 + Cos − iSin  + (1 + Cos − iSin )6 = 0 6 6 6 6  6



Question 6:



with alarming regularity.



Exam report



a) z = 1 3



iθ = = and 1 1ei 0 we write z re



z 3 = 1 becomes r 3ei 3θ = 1ei 0 r= 1 and 3θ= 0 + k 2π



θ= k



r = 1 and z= e



−i



2π 3



2π 3



k = −1, 0,1



or z = 1= ei 0 or z = e



b) we can note e



i



2π 3



i



2π 3



=ω



1 + ω + ω is the sum of a geometric series with common ratio ω 2



1− ω3 1−1 = = 0 1+ ω + ω2 = 1− ω 1− ω ω 2 =−(1 + ω ) c) i )1 + ω + ω 2 =0



ω ω2 1 = −1 = − ω 1+ ω 1+ ω 2 −1 − ω ω 1 1 = − = − ii ) 2 −ω ω ω 1+ ω 2 2 ω 1+ ω 1 =− = −ω 2 ω ω 1+ ω2



It was disappointing to find many candidates unsure of the cube roots of unity and even more unsure of how to obtain them. It was also disappointing to note that few candidates 2 were able to establish the result 1+ω +ω = 0 in part (b), in spite of the variety of ways in which this result could be established. On the whole, parts (c)(i) and (c)(ii) were correctly done in spite of using roundabout methods to obtain the printed results.



Question 6:continues



Exam report k



2 k  ω   ω   1 + iii )    2  =  −  + ( −ω )  1+ ω   ω +1   ω  k



k



k



 − i 23π   i 23π  =  −e  +  −e      = (−1) k e



−i



2 kπ 3



+ (−1) k e



k



i



In part (c)(iii), however, most solutions ended at k



 1 k  −  + (−ω ) , but of those candidates who attempted  ω



2 kπ 3



this part further, sign errors hindered completely correct solutions.



2 kπ −i  i 2 kπ  (−1) k  e 3 + e 3  =   2 kπ ) = (−1) k Cos ( 3



Question 7:



Exam report



= = a ) Tan( A − B ) Tan((r + 1) x − rx ) Tan( x) Tan((r + 1) x) − Tan(rx) and Tan((r + 1) x − rx) = 1 + Tan((r + 1) x)Tan(rx) Tan((r + 1) x) − Tan(rx) So Tan x = 1 − Tan((r + 1) x)Tan(rx) Tan((r + 1) x) − Tan(rx) 1 + Tan((r + 1) x)Tan(rx) = Tan x Tan((r + 1) x) Tan(rx) − −1 Tan((r + 1) x)Tan(rx) = Tan x Tan x



b) Tan



π 50



Tan



2π 2π 3π 19π 20π + Tan + ... + Tan Tan Tan 50 50 50 50 50 Tan((r + 1)



π



π



) Tan(r ) 50 50 − 1 − r + 1) ) ∑ Tan(r )Tan((= ∑ π π 50 50 r 1= r 1 Tan Tan 50 50 3π 4π π 2π 3π 2π Tan( ) Tan( ) Tan( ) Tan( ) Tan( ) Tan( ) 50 − 1 50 − 50 − 1 + 50 − 1 + 50 − 50 − = π π π π π π Tan Tan Tan Tan Tan Tan 50 50 50 50 50 50 19



π



π



19



19π 20π 18π 19π Tan( ) ) Tan( ) Tan( ) Tan( 50 − 50 − 1 50 − 1 + 50 − +... + π π π π Tan T an Tan Tan 50 50 50 50 π 20π Tan( ) Tan( ) 50 − 1 − 1 − 1 − 1.. − 1 50 + all the terms cancel except − Tan



=−1 +



π



Tan



50



Tan(



π



50



20π 2π Tan( ) ) 50 − 19 = 5 − 20



Tan



π



50



Tan



π



50



This question was surprisingly well done and attracted many completely correct solutions. When errors occurred, it was usually in the summation of terms in part (b). Candidates summed 20 terms instead of 19 which in turn led to some faking in arriving at the printed answer, especially the .20. For instance it was not uncommon to see the summation written as π 21π ) − Tan( ) Tan( 50 50 − 20



Tan(



π



) 50 followed by the correct answer.



MFP2 - AQA GCE Mark Scheme 2007 January series



Key to mark scheme and abbreviations used in marking M m or dM A B E or ft or F CAO CSO AWFW AWRT ACF AG SC OE A2,1 –x EE NMS PI SCA



mark is for method mark is dependent on one or more M marks and is for method mark is dependent on M or m marks and is for accuracy mark is independent of M or m marks and is for method and accuracy mark is for explanation follow through from previous incorrect result correct answer only correct solution only anything which falls within anything which rounds to any correct form answer given special case or equivalent 2 or 1 (or 0) accuracy marks deduct x marks for each error no method shown possibly implied substantially correct approach



MC MR RA FW ISW FIW BOD WR FB NOS G c sf dp



mis-copy mis-read required accuracy further work ignore subsequent work from incorrect work given benefit of doubt work replaced by candidate formulae book not on scheme graph candidate significant figure(s) decimal place(s)



No Method Shown Where the question specifically requires a particular method to be used, we must usually see evidence of use of this method for any marks to be awarded. However, there are situations in some units where part marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert you to these and details will be provided on the mark scheme. Where the answer can be reasonably obtained without showing working and it is very unlikely that the correct answer can be obtained by using an incorrect method, we must award full marks. However, the obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks. Where a question asks the candidate to state or write down a result, no method need be shown for full marks. Where the permitted calculator has functions which reasonably allow the solution of the question directly, the correct answer without working earns full marks, unless it is given to less than the degree of accuracy accepted in the mark scheme, when it gains no marks. Otherwise we require evidence of a correct method for any marks to be awarded.
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MFP2 - AQA GCE Mark Scheme 2007 January series



MFP2 Q Solution 2 1(a) Use of cosh x = 1 + sinh 2 x



Marks M1



4sinh 2 x − 7sinh x + 3 = 0



A1 A1



( 4sinh x − 3)( sinh x − 1) = 0 sinh x =



3 or 1 4



A1



(b) Use of formula for sinh −1



(



x = ln 2 or ln 1 + 2



Total



M1 A1 A1



)



Total



Comments Must be correct for M1



Provided quadratic factorizes 4



3 7



2(a)



(i) Circle Correct centre Correct radius Touching x-axis



B1 B1 B1



(ii) Line Point ( 3, 2 ) indicated



B1



⎛ 1 ⎞ Line through ⎜ 1 , 1⎟ ⎝ 2 ⎠ Perpendicular to ( 0,0 ) → ( 3, 2 )



3



B1



(b) Correct shaded area



B1



3



B1



2



B1 Total



8



4



For shading inside the circle provided no other area is shaded Must be a circle and a straight line for second B1
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MFP2 (cont) Q Solution 3(a) −k 3i + 2 (1 − i ) − k 2 + 32 (1 + i ) = 0



Marks



( )



Total



M1



Comments



Any form



Equate real and imaginary parts: − k 3 + 2k 2 + 32 = 0



A1



2



−2k + 32 = 0 k = ±4 k = +4



A1 A1 E1



(b) Sum of roots is −2 (1 − i )



A1 Total



d⎛ 1 ⎞ −2 ⎜ ⎟ = −1( cosh t ) sinh t dt ⎝ cosh t ⎠



A1



(ii) Use of tanh 2 t = 1 − sech 2 t



M1



Printed result (b)(i)



A1



( y! = − sech t tanh t )



x! = 1 − sech 2 t



(



x! 2 + y! 2 = 1 − sech 2 t



)



2



+ sech 2 t − sech 4 t



A1



t



s = ∫ tanh t dt



M1



= [ ln cosh t ] 0



A1



= ln cosh t



A1



e s = cosh t



M1



0



y=e (c)



−s



A1 t



S = 2π ∫ sech t tanh t dt



M1



= 2π [ − sech t ] 0



A1



= 2π (1 − sech t )



A1



0



t



(



= 2π 1 − e



−s



3



(



−2 et − e −t



( et + e − t )



)



2



AG



2



M1A1



t



(iii)



Or



B1



= 1 − sech 2 t = tanh 2 t (ii)



2 7



M1A1



= − sech t tanh t



AG Or αβγ = − ( 32 + 32i ) Must be correct for M1



M1



Third root 2 − 2i 4(a)(i)



5



)



A1 Total



Any form 4



Ignore limits for M1 and first A1



3



AG



2



AG



Ignore limits for M1 and first A1



4 18



5



AG



AG
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MFP2 (cont) Q Solution 5(a) Assume true for n = k



Marks



( cosθ + isin θ )k +1 = ( cos kθ + isin kθ )( cosθ + isin θ )



Total



M1 A1 A1 B1 E1



5



π π⎞ 6π 6π ⎛ ⎜ cos + isin ⎟ = cos + isin 6 6⎠ 6 6 ⎝ = −1



M1 A1



2



( cosθ + isin θ )(1 + cosθ − isin θ )



M1



Multiply out = cos ( k + 1)θ + isin ( k + 1)θ True for n = 1 shown P ( k ) ⇒ P ( k + 1) and P (1) true



Comments



Any form



Allow E1 only if previous 4 marks earned



6



(b)



(c)



2



= cos θ + cos θ − isin θ cosθ + isin θ + isin θ cos θ + sin 2 θ



(Accept −i 2 sin 2 θ )



A1



(



Or eiθ 1 + e−iθ = 1 + cos θ + isin θ (d)



A1



π used 6 Part (c) raised to power 6 Use of result in part (b)



θ=



3



M1



AG In the context of part (c)



M1 A1



6



π π⎞ ⎛ ⎜ 1 + cos + isin ⎟ + 6 6 ⎝ ⎠ 6



π π⎞ ⎛ ⎜ 1 + cos − isin ⎟ = 0 6 6⎠ ⎝



A1 Total



4 14



6



)



AG
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MFP2 (cont) Q 6(a)



Solution



1,



2πi ± e 3



(b) Any correct method Shown for one root (c)(i)



ω ω = ω + 1 −ω 2 =−



(ii)



Marks



Total



M1A1



2



M1 for any method which would lead to the correct answers Accept e0 or e0i Also accept answers written down correctly



M1 A1



2



AG



M1



1



ω



ω2 = −ω ω2 +1



Comments



ie use of result in (b)



A1



2



AG



A1



1



AG



5



AG



k



(iii)



k k 2 ⎛ ω ⎞ ⎛ ω ⎞ ⎛ 1⎞ k + = − ⎟⎟ ⎜ ⎜ ⎟ ⎜⎜ 2 ⎟ + ( −ω ) ⎝ ω +1⎠ ⎝ ω +1⎠ ⎝ ω ⎠



Use of ω = e



2πi 3



m1



2 kπi ⎞ ⎛ −2 kπi k = ( −1) ⎜ e 3 + e 3 ⎟ ⎜ ⎟ ⎝ ⎠



= ( −1) 2cos k



M1A1



A1



2kπ 3



A1 Total



12



7
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MFP2 (cont) Q Solution 7(a) tan ( ( r + 1) x − rx ) =



Marks



tan ( r + 1) x − tan rx



x=



Comments



M1A1



1 + tan ( r + 1) x tan rx



Multiplying up Printed result (b)



Total



A1 A1



4



AG



π 50



2π π tan tan π 2π 50 − 50 − 1 tan tan = 50 50 tan π tan π 50 50



3π 2π tan 2π 3π 50 − 50 − 1 tan tan = 50 50 tan π tan π 50 50 ……………….. 20π 19π tan tan 19π 20π 50 50 − 1 tan tan = − π π 50 50 tan tan 50 50 tan



At least three lines to be shown Accept if x’s used



M1A1



Clear cancellation



m1



20π π tan 50 − 50 − 19 Sum = π π tan tan 50 50



A1



tan



2π 5 − 20 = π tan 50 tan



A1 Total TOTAL



5 9 75



8



AG
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