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STEP 2007, Paper 3, Q1 - Solution (2 pages; 31/5/18)

tanf+tang
1-tanftang

tan(6 + ¢) =

Let9=91+92,¢=93+94

( t1+to )+( t3+ty )
1-tqty 1-t3ty

1_( t1+to )( t3+ty )
1-tqta/\1-t3ty

Then tan(8; + 0, + 65 + 6,) =

_ (t1+t2)(A—t3ty)+(t3+ts)(1-tqt3)
(1-t1t2)(A—tgty)—(t1+t3)(t3+ty)

_ (t1+ta+tz+ty)—(titaty+tataty+titata+ttaty)
- 1+t tatats—(tqty+taty+titz+tity+tatz+taty)

b
Then,as t; +t, +t5+t, = -

tity + taty + tits + tity + otz + trty, = 2
d
titsty + tataty + titats + titaty = —= & Gitpl3ty = 2

b d
tan(; + 6, + 6 + 6,) = 1a+e( ) N

pcos20 +cos(@—a)+p=0 (2)
= pcos?0 — psin?0 + cosBcosa + sinbsina = 0
= 2pcos?0 + cosOcosa + sinfsina = 0

= 2pcosf + cosa + tanBsina = 0

. ing . .
(assuming that cos@ # 0, so that tanf = % is defined, as

allowed by the instruction at the start of the question)
= 2pcosf = —tanfsina — cosa

Let t = tan0,
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4p2 . 2
i (tsina + cosa)

so that

= 4p? = (1 + t?)(t*sina + 2tsinacosa + cos*a)
= sina.t* + sin(2a) t3 + (sin®a + cos?a)t? + sin(2a) t
+cos?a — 4p? =0

= sina. t* + sin(2a) t3 + t? + sin(2a) t + cos?a — 4p? = 0 (3)

Thus, as 6; satisfy (2), tan@; satisfy the polynomial (3).

sin(2a)—-sin(2a)

Then, from (1), tan(6; + 6, + 65 + 0,) =

sin2a+(cos?a—4p2)-1

0

=T 0, provided that p # 0 (and this assumption is allowed

by the instruction at the start of the question).

Hence 6; + 6, + 65 + 6, = nm for some integer n.



