{i} The har part in this questicn 15 to see what is to be proved, wiich is that sums of the form
a, L, + ¢z, L, where the a’s are constants and the L’s are altemating multilinear vector-valued
maps to ¥, are also are alternating multlinear vector-valued maps 1o ¥, Once this is done the fact
that the set of them plainky forms some sorl of subset of 4 vector space makes the Test aubomaLie,
{Tiy siee that there is something to prove. consider the set of all functions fom R (o B which newver
take the value zere . L.k

(1) Routing using the definition of the map and the definitions of altemating and arruktilineesar.

(i) Routine using the definition of the map and the definitions of alternating and multilinear. I's
enough to check multilingarity in ane factor, provided you say 50.

{fv) Writing out what you know may be difficult. T didl it by observing that it is enouigh 1o evaluate sach

side on a wiple Iiel.ﬁel,,fkl:l,andwi:ingl (ee,06) = 24 e, - The calculation is again
&

Foustinge

(v} There are two ways 10 do this. Either chserve that an alternating map oo ¥ is of dimension
(1/6m(n — Ui — 2k if ¥is of dimension # , and use the fact that the dimension of the space of
linesar maps from one vecios Space 10 snother is the produst of the dimensicns, so the required
dimenston is dimcnsion (Li6wn =1} =2m= {1/6w(n— e -2 O use (iv), noting that
there are n choices for the e and (Libynia = 1%n —2) choices for the £ Again, the required
dimension is (16w (n—1)n —2). Whenn = 4, this number is 16.

Crpestion 4
(i} This is 4 straight-forward calculation, once you realise it says nothing you dids’t learn 3t school.

Use x' = 3'y" e, toget ' = &'y’ +y'dy” ete Put it all together and
deduce @ = 4,1-"_!:"'!{4_1’5: —yI:}G}'I nﬂ'}'z.

(i) This follows from a formula in C&F. p. 177, Vou need to write the components of Fas P.i=11,
3 s =0, =y and P =2 Theanswer is

[og=—xd ndc + {x1+x“jcir= e 2t nde’

(i) It's routine that de = 0. To find 2 suitable & you can either spot oNe O LS the method in
&P, Either way, and certainly if you poing spotting, check the answer. Mote that the answer i T

unigue. Cme answer is & :{x'f . x'f]rir’ h{r‘x* —x::*]dx‘ -s-[.t:x‘ —x'x"}dx".ﬁ.ﬂ
athers differ from this one by & forn pr = ol for some function £ -

vy St W =a,d +ayd + 8,6, md compute W 1Q . Yousoon find @, = x* +x Gej=kd.
g0 [ 00 =d [} =0, and the conclusion is il L, $2=0 and the flow associated 10 s

volume-preserving.
Question 3
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