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Q5 The koy contains stabements about  the

ourvalute of [mg:'—.-ﬁrru::li.ﬂ'-l.lrlltﬂ spacetine. Selert the

ibo thah i a0 B staterment. Pencil acvoss ote coll

in rowr G

FEY bor 035

A I o region of spacetime containg no matter, the
Ricmanm curvalure within that region most. be
AT \m‘(

I3 The sogres terms i Lhe ikl equist pons ll].:lil-lllt"'l._'r-\'_ll;l
dletermmane e metric neric:ilsg_ : acekinie.

O The Reimann curvaliies ab & given svent can b
wor while the Rieel curvabure af the same evenl
i =T, bty

The Tec eurvature al o’ given evenl. m
gpacekime depends ouly oo il sorvee forms al
that event.

E Mone of statemenis A-D is dme,

Of to QI e concerned anb the  geometrio
praperis of fuo-dimensional sirfuces.

O to Q% These questions refer to a fwe
dimensional suface 3 that is deseribed by the metric

af = [fﬁ*f ].'.‘2 + oos” [Ag') {'&qi}ii X

whers A B o4 posibive ConsEant,

Q6 What is the curvature of the surface 5 at B
prosind gt o= 0, g% = I Peneil neross one cell in roaw G,

KEY for Q6

A O E A2
B —Af2 —AF
¢ Ajz2 G A
5

Q7 A small but fingfe cirele centred on the poind
gt =11, g% = Ois deawn on the surface 5 wilh the aid
of a measuring tape. Which of the statements in e
key woulild hest describe the relationship between O,
the clremmlerence of the circle, and v, the radius of
the cirele?  Pencil across one ool in row 7.

!I‘Y. n,-"r % c < :? o i 5L A

O greator than 2er. 1-' i

O isoasquad Lex 2o

{715 less than 2.

D The metric dos not give sufficient informition
Lo elpoese ebween oplious A, Boamd O

Q8 A small but finite trinngle (whose sides are
pendesies] 5 drawn an the surface 5 with one vertex
ot gt = 0, g% = 0. Which itern from the key describes
the sum of the interior angles of Lhe trhiangle? Pendal
avroes prke el oo B
KEY for Q8
T Thie sim exceils w.

The s s less Lhao .
' The: swm o eguals .
I None of the alove options st apply.

(E(DST » Tto (A

rah.

= K (f;_"a&ﬁ}: y S (A

Q9 On o different surface 57 (not the surbace of
O to (), circles are constroceed, [0 is fonnd that
the ratio of cipenmferenes i vading of these circles
iz preater than 2x, regardless of where on the surface
the contres lie, Which if any, of the sucfaces A-F in
the key might produce this result? Pencil across one
cell in row 9.

KEY for Q9
A A right circular eylinder X7

I A spleers vionsd Froos Lhe otitside
¢ A aphere views] from Che in=idle

I An ellipsoid of revolution

v A paraboloid of revelution

FA toaes p.--\""

O Mone of &-F

Q10 The metric of a swrface, in the coordinate
svstem (01, 2*) is given by

al= [(ast) + {ue']”{m:ﬂf]’”.

Toreeurves are drown oo this sarface, Curve O hus
the parametrization #' = a and 2% = hao o, Curve
1y has the paranweirization ! = as+ b and 2 = o,
For botle curves e, & and ¢ are arbiteacy eonstans,
whicl may be non-sero, and #  the parnmaeter. Fick
Feom the key, which is given asa Lable, the one oplion
that correctly deseribes whether the surface is fiat or
crrwedl, and whether curves O and O aro greosleshes
or ot Penedl sumoes one eell in row 10,

KEY for QLD

-

Ak Hat | ewrved | € geodesie | t'; perselesic
A | wes ]| mwo ¥is yis
Lk i e S
i Vs s i T
B} i Vs vis Thk
@ ik nis ! e e
F Y yia I:’ na. i
Aa yes o [ ni | L
C?_ e | ves \ nd /S o |
Qrr to 13 are concerned ik Sehaaraschald

sp.:mr:l!mu!.

(}11 to (213 share the same key. Bach question
congists of two statements (4] and (), Yo are
bo dlecide first whether each statement s beoe or
false.  Secomd, if yon decide that both statements
are trme, you are to decide whether or not Lhe Leath
of statement (b)) is 2 significant part of the reason
(pomsilly the whole reason) for the Leath of statement
fa}., Eark answer will thus consist of two or Lheeo
ibems from the key., ‘The guestions refer to two
events, £y and w2, with coordinades (£, 8, dy }andd
{ty + At vy + A By )y respekively, where ry Ze
A oand Ad =0,

Statement (o) 10 the two events oecuroed at

11
Nt! ends of & rigid rod, then the length of that rod is
equad Lo A, oo matter what the value of At migh

Lot
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