BPhO Round 1 Marking— 2021  version118% Nov 2021

Thank you for taking part in marking the scripts. It is of enormous benefit to young students to be able to take part in these competitions,
tackling much harder problems than they normally get, and be able to have them marked by physicists who know what they are doing. Itis
because of your expertise in the subject that it is possible to do this. Exams marked by non-specialists are more of a tick box exercise, which is
of little value in stretching students to grasp the subject at a deeper level. The layout of the work may be annoying. That is a national problem
and we are not going to change that easily, although we do our best, as do the teachers of these students.

e We need ACCURACY and CONSISTENCY from you. Care is required. The mark scheme has marks allocated to
make the marking easier. The mark allocation is different to the paper. USE THE MARK SCHEME ALLOCATIONS.

e You do not need to spend time working through laborious arithmetic calculations. The marks are set out for
steps achieved. Positive marking — if almost there then give the mark. Look for the opportunity to award the
mark, but do not be careless about this.

e Full marks are awarded for the correct answer, provided that there is some supporting working and it is not a
“show that” question. Look out for suspicious results with insignificant working but no need to read in detail.
You are NOT required to spend time deciphering scribble.

e Positive marking is the aim. Marks should be awarded for good physics, even if the reasoning does not follow
the mark scheme. Alternative routes to the answers can be allowed.

e How to mark — ticks for marks only, not for your notation. You may write on script, make comments. They are
not returned, but we will see them. We do checks on papers.

e Enter the Total for Section 1 questions.

e Significant figures. This is not a test of significant figures. A leeway of +1 sig. fig. is generally allowed, but
sometimes it is just a close numerical result indicating they have got the physics right. Some answers can be left
in fractional form.

e Units should be given for the final answer. It may be that the unit is given a little earlier and that it does not
appear on the very last line. Allowance may be made if it is clear that the unit has been used a line or two earlier.

e |f the units are a required part of the answer for the mark, they must be there.

e Error carried forward (ecf) is allowed provided ridiculous results do not start appearing. A mark is lost for the
initial mistake, but then they can carry on (if it is possible) to gain some of the subsequent marks for the next
one or two steps only. Just make a decision as to whether they should have the single mark or not.

e There may be a lot of working for the answer. If they are almost there, you may give the mark even if there is a
numerical mistake in the last line. Use your judgement. The ticks for the marks are not exact i.e. they are for the
idea and almost getting there.

e  You must follow the mark scheme so that we mark CONSISTENTLY. Do not make your own independent mark
scheme. Avoid relying on your memory for the mark allocation. You need the mark scheme open beside you.

If you need advice, email Robin Hughes rh584@cam.ac.uk . | will respond promptly.
You can send a phone photo or just ask a question.

1. Do not mix up students’ names when entering marks.
Add up the marks correctly. Check your addition. For each little section, note the total in a circle, as in the
mark scheme. Then note the total for the page at the bottom in two parallel lines to distinguish it.

3. Do not leave “pdf papers” in any unsecured place. They are confidential.

4. You can write on the answers if it helps you keep track. Ticks are for marks so do not tick everything. Ticks
are counted up when checking.

5. Updates to the mark scheme are inevitable and will be sent out. If you see a mistake, please email me.



PR

Woagtem 1 MfZo o

ol

(9, Gl

M

M arniatiim Cn’\AQ/i"U‘(&HN\

Sem 42 5om =)o w

NS z §M/ ’ W [77_—}"7

S Zn

=3mV

W W& ,V:%a PEY M/g

[ngid k£ LL,M,;% L2, 250
= (if n Z,_r),ﬂ = £ m

0

s

hl vl T ': L;L'T
L, [4]
[a] = L = Mohw




©) b Aiwsrwpuc

g o — '
I 7%L ’ uJLJ’jA
/- TE A
‘}/'S / \ 1&4%} = |
m ///|\ Eﬂ’mm 107(,,‘,%\@4“,' /
Vi '\\\

-2 (23,( ‘f) - 9«?3) 36: }éS'ZN\ @ 24/”‘)“' /

‘(r Q«»&A 3;870”1
QH) "fi\‘b%:% %rruﬁ Pom : {7[;1/ -

——LOO/"\
= L‘”}?ﬂy,

f= b= (od;.r? - L‘EM V/TZ/’[;SL
g B
[‘(L(‘{'/Q-K(M, AE= zo(f_- E D




®

| <(J) R«L(Mcmi@ meMJ
=4 P PM)\J),WM}

/-

cop e LYo

/

y e -
S

L »

| o N ' B

(1] shor s o 3 3 B -Gomplilrsay

U}I" oo &~ /&5*4 /
,L%éo \\Awdﬁ s U

[ | Sewg_ e~

<) -—Lv):/:’:kt +/Luo4 , \‘Bm &C\m&n@;

T — |xe0 ¢ _,L)gogz‘f
A& T nensansy 17\'[(17) ‘}Loo O+ ko L t’ + lgqog\— /gf;%&kt

" Crockmed)t t (Jpoo- W)
U\*w»& '\)\'\ci\T b ‘/ g'*éj' )u

_ JS = Q Moo t lro é) ~ ( ,XOQ'-,/&% )L
’ILL M N\mm (13& = g2 ( |200 /L(p%) o f 2 (/a’oodé’ff) (”12?5)
LRSSy 0F = 12bonuousfea b = (P00 nES 475t

2?* fb < U\DW\) + ((5’00—— /375—3(7,,3[}7— : .
D=9 m= )30 m. (23) v/ E

N : Mfw “)rz‘ STy bl bl Ba(o0) Wf’)




G) Waer s
& \J w{ﬁ;dr
23"%“ MLW &
R
Z%o - g'\i LC. Y

230" = /)A\/( D XED /

jf »@ ﬁf/@x{o
A —/2\7*\&6&( /E

T EEA
. Loto s osg Moty
LA W ”“W?““iﬁm
3 N\SL +<(00 ‘%)Cﬂ Ms = Mwlu @"3 “C%/

MS(L\F;OCW) = My.Cw.30
L = Mw . 30 Cuf — F0Cw

bl " ‘ l:/' "
= (M 3o —Fo )G M_&U
/
B (2(,_13 < 30 — Vo) il &0
- ;MJ (3P f, .

Z) '33% L / 04_) bor D KT |

| ) iﬁ Xoe) = dyar o AT 2 —
[j,___,.#_ s {

L—-——__‘—@_ﬁo> m\/k V<F< -vqo G O een /

Joon < Kpe
0, R

pcon
ol = {s = D B m = FOum o) A
/Q ,{2 D"—‘f_;: e Q@ ,7@




| Q"] 0 NukgL ; | - T

, e B [\/,WOQMIO\A \/‘L;\-——_-—-/‘
Onyluetl/ g N3 < M dghee
P Mag — M Gesglore+ Sn3P = Mo Ogle /

—_—

,J'?: w>30°

’W\z_i" M(M = Mo Qoo

, BN\)&:: 3{M,+3ML)0\7L\ B 5
g iy ahioy //(
%Wﬁ;)



2

> T duatbr f'g’xo'“ijV}" s fwduhu He

T @Wﬁm %y |

Foqy ) na(l-det) = koot v
—2g{()m ) v

S = My 4 214 1~usb)

e NI = 1ty & 20q ~2my 5b) /

N= % -2 1P
C20 =~ é(g'ﬂ) / //ﬂr

o (?_OO X)OBJL
> (g0° 750e 4
= = LATE
>z /I g5

l= 4358l .
e /5]




@

(1) Proben
| - //‘\;@wg.,'» ALL;})L
"5 aBe= ] o

] S Sr— "—’% -7 (Dz;;/{-/’i)o /

)370':’[@0 '—HI'X')»“ff ”
] 9p=0r

e

dc
/)
Jo i1 8
S ] “[(70"/‘/‘5)«7—4;!{? = 90 ~0r
— §r=382°
BW\\(&( = ”i\&;ﬂ&r

Bl s pd BJ(’

m\} ™ ‘\&‘l ;\m.ﬁ*\mxw d(f\ﬁpfwl\é

"ty (i=62)

< b /(!- //,34_‘” ’

= ﬁ‘/fﬂ/&)@ \/
B s footpu

= Coo ¢ '] oo '
N v vﬂ




((}’) 54121),[, LM‘“/
it =

A
VLL&'FJU& WMMW\) LM Oy k‘”“)ﬂ M\F&MJM U,L 0\7\1\/\7
‘300\- & wll 1\*«,\& \,Jgu' 4o n |

Iq[ o 38 J(‘J Cﬁ,ﬁl}i&ip&g& %M&L [wt «}wuﬁﬁxo\

Ve Ziow'he 1 ®
g—w = Rlo o’ P

I\ Z}ox/\‘ﬁ Fld (0 xlxl\
E OL

= 200 x/0f 02
§4o /bﬁ T
e L5 \/

— A




-‘0/ n f”” ‘”"““‘

—

' ?e

T TR T
o

~229 ol
Goo pat 16

308 ~2c2y
= 22l g S

i

N s Wj/z;(é /
- T g 32 S
g %’/&””3” e

—
—~
—

i

e
g Ee Q = |- &5 xp”

(/// L)ﬂ«m wj\ (o, B~ )a\/z /<C %LM

qu 0 f28~0-45 N

X _”_() 31¢ ol .

P R T ST S 4
/ M

ZV\@W%W“\ k f@m ‘(’R» YQM‘J saabnbin a wﬁ%

K39 x5 6d 3 3”/?@5%
be s 39¥/¢ Wy,c

RSP Y PYAE /
ey pF T

“]

b K=

v



YZ %w hlones e polendidd au i 102 “U‘@
g ol vﬁQM

7‘0 GMmj)w'/\HQ»N/zJ QArt) PO R panken

G2 s e V/
(R)jze) 24
£ - 5 —> 34=ZoR
R. 20 R +20
A2 /é?< /< HLQ =20 R

I?R?i}/&ﬂ,‘ \/[ﬂ

([) hugeone spocion
pokors polll 246 = {uF /
Thals focia L ) 41
C'eﬁ:- : 2
e pr
@\w{w‘l#»i = \/uﬁ’




0

LC\/ L\*c \Ar‘%fﬂ/w udswmh\fdm |
Fz oA Vz W “‘7&"”"’(\/ \/

24

V@' tbont— J- % /
e ks Z)El» y o QL/
=] = Q% o L ~
e . rae—
C\) M(MVL'LK L&Wgwmww

Ao 2,
=3B, =&,

| @ BWMM pocbr

7 TL’J‘\I ﬁmﬁujm&wmﬁ\mw 2« 3¥X}o”f/

210 i /
x 2 3910 z</71~ |
M M%%W@z/ﬂfﬁ / M‘M};‘{G\w&

| = 2 9xp0-5 ¢ |
R N T 4



(W) ety &

o i
b

= .
s, 7 K

i
X e C

¢

f clo bos A e 8 oo wed irh Lo A ded

/,Z C' 0 abeva B pha BAG E-F)P2 . = P

Bur i AB He b 50 ,WA@H//z/
Wal & bdon oachidl

f v{i,ﬁ:f,q(/i—O'o;q) o8 ’g%‘/}ﬁ

— /4—71,4) :qLﬁ L6087

T TR

T e P;Leil\a%

b s 1

S A(/l L 51,0 Ha
B o 2692 e gaﬁj%wa //

C v 242 .2M

Gwek odu- A <C <P \/

fi]



R=A+bP.
gw;:l P*-‘Vfi we K=l = 230" =230
joo

Ry
> §- 2 =TI ?
S3 B 1{3' A
7hs A ?«25 s

B R R Y A

‘T{“"‘_\/,PL:A&%% = V'/AF%)WB‘P wmju

o o BPZ¢APV—07
ey P~ ~At JA~— 4pv*

2

bbbty v whey V=210V, A B

T ) "
i




6

Q{»MW  d

5 STZCT/D:\JZ @
o — z
<\

() =20 -
-
(it fo5 7
(i) ’ fos v -
| bo 4 4ok
v)
fa Je
< U g U
—\Fﬁzxo»d 2 <64 )
- _([ = Egﬂe
2} s A
S IR :L’h . )

=5 ,f, / mof\\g&‘

o= (G pf

ltlxix) X /12« k—(ﬁ

2D
= 512\ =) \ éll
2 5
/’

23)" < hosi W

Lf/ol\/ /

]






D

©) L*W W e Eteoe e dueti,

A eﬁ.‘
i Cti+ Ct, = (5107 m
N Ly, —t, < At= (/ SpZip3s = 0 98ums S/
ovw\»jc BK(QJM/J < | 0358k ~3g /

ity = Zoafe~

L & = leo”-/«om"x(g'\‘
E LS O bl oS

Cty = (bl ke
e on 7B

K AA

(le-f\z(?'d?/ x 2.0
; - ,?\[fo ‘PC\
7% = 0:2n ) \/

(U mm&m&
' ( ror otber
<’ ’> [r:/%? wd PV NAT YMM)
e Mu=(kq] =
R

Hance U’//XRT
V lf&,J- v)w sk



Cs(};@ '7(: )\A’
<’H\/) J*{~ >‘/ —D J(vfg = \/a, @

N &

* e
eré . J,_«rg = \/H,,, @
Ly o
G lring U ,
/[/M “o”{ = ﬁ 7[;4
|  Rute A/ﬁ fc

=3 OCC
Mﬁm D’“L+€-3‘f-5 - _‘f_
4» Fors S— 30cm (Z‘]}ZW\)

Mas wlaj@ml@

AO~§zj‘ro-o%, /J}\x |52
/QL i\o.ogﬁ Z0¥ lf‘é

A;(-J\JJ = Lﬁ?M %




Qo3 Fhgrd G &
(o) A*Q\‘g'ﬁgyam

02284
™ R = i\-k?{ﬁ
+i ; e
- ¢ = L;+ )> 9
S 2. -n-1 IRE 0
04 = 0 ¥st

i i | — ‘ o = A/JZ ) (
(C) () JP:e,l i }év ' Rla = RJ?“ ) %—H/;A’
N, W/IJ@M V{er”-«»&“

() T fedn ol Rg i (TRpwms
;[TB Re A8
o = : = __g_ﬂ,.————
J, L& \K +€kﬂg ’(7%4@ Rbat ;,fk,gﬁlm
Recth A




)

T

&=

/

Soddy

—

== . ,gl )

- Q ! Tz.; ZL

)
SRl

-

"A" RL
R+ Roks Kotk

RL\‘"‘K& )

R, RL Hi Ra ¥R fs

I; = % R / i

R,(,,RL 4‘?(,@8 FRLR3 ,

- = e ey
[inonkq muems  Ta= Ty +0" )MC\QM

i : l 2. "' 62_ Rl
R f\L\‘/R Rs Vf‘ﬁ f')’

W) T >y

/R/ =
] = %3 ‘rg?
o

i WPrd ey Rl 1 XAl
43% \/:,. Q( (\%
bt
A)’ )Qg*—‘boé J&fm ue,a)/)eu&

M o wrwad( A @ vaLm bel)
= ﬁg m& w%\f N W—:Fﬁ, g ‘R/w

<

2=
IS

¢
V$A§ﬁ%p ) /,é == (
L

Ve

M‘(—;y“\%\

o)



@

od i Ry 0 (e doy

« g( =
l}mb 'K( ‘}KL

&M\M%d“ Aot el JV\)‘QN\JWL&W/ gt ﬁ%r'

oA
| = L vl 5
+— Rk Re

I M’L (0) \‘RJ—&Q ~fze vk pe qaven

’f\ﬂ”ﬁk, ﬁm, \3——70 Jo- /

,Qy

, {J\M‘YLA&W K
| <V“i)aMmMjl/‘L~'\ QQ‘S - R] kL
{. KB |
S Bl = é-[z« \/
0+ T
=22t fD
DA\.‘Q G, i . ;/—/4 ,\/ /
P =
N
" 1\!\%7}2@{ o IL%
= § -
(Zf\a)
- 2L =T
? =~ )20 W /
&—/a’m Py c\bwf«d:%\ le,ﬁv S

CLAWL@A 4 Tomo, T.ohs £t lisks)

Ca ’LRS BulT, s
| /lu‘ € = (ﬁwa 5LP>}{ +€L~4>ﬂ> = fo % + éo
Or’({% M 2 M)tn%\ & = 'Pﬁs FE' o = $ox g*rfo \/g

Raz= ?ffL



P Co k¥ R, FGRs
oz AV ERe Cs(ﬁuh%) !
((J‘QB)R 3 (3 R?Vr’ﬁgj

%mh«? L000 = Io ?\_{ /0‘9;(0 + uﬂﬂfd ,

1

Z»c (3 < (0 x; + L31</..5‘

) 579(; 'f‘f-;(g "2"0;

wa

— CSN_—

/oo /00

= eps B

Too (00

el
() Garred An\&wv L;-D‘—-A

=l ;A/2w+4 Soee

%wlﬁcsz

-

I Y v

=~ 0-A

?ﬂwd aereds. ({‘ ,,,,5;1703*?.“0;“

. = sl \/ _

. 0 .

5\)— g | Booo J“r 2000

Y4

eV zozeet= Roso Vo



(e Ly
() ( i)

EJQ»QC“‘M Fu’

&

AN

INUBIERIBE

¥ e He

. ‘ + N
NI NN . &
<+ y T > 7
p | - - ! ?
= i y S
| . "‘->;'_’—: L ) > >
| == . 7 >
S? il 2/ ¥ ’ 7
§ ! %
MU 1 W \,_\
- 5 < o ~N <
Q‘f) == *‘*—-—e; — »
" ! 7z - h: > P
e N e =
= BTN R |
o N o S R ¢ W
_.é_
/=

Q, '
@S -~ QF
Be |



(PMU - 2A

280t

X /ﬂAl\q 572/5 ':Q" ’

N N A S

| | 1 p S

- %AL:@AM)\%M V:J_._EE SAML




(] T m(%w)f;w\

S E:Y

¢
Fa = EpTy \/
(m ) ’M/7
P
o jﬁ;\,{, |

o

Fr. T
Vo) % o 4 e
Vierm) = L Vi - m/{ P

sy o=

2 ey
Vigw) = A0
| S AV :@f%)w»c«,f/ic
| <W) — e

= e X/QF J /

N/







@“-\5— ;SVZW%M o @

((*) <') ! AWMM /@(’U Mg L e
Do /{#T@ ijw | M}/

D”WM

kQH /p)'%NU
A
M
Nl o—=-"x

W e &vv//_’ (NmLﬁwh)

7 A
(‘.‘) 12 SNJ(oM}nj
)b

ke w)i -ﬁ*x) v
= 2 ke g /\X"TA/,'—L’K; ./

i — . - 2]

Fok o =losn)  k(2h=li=)
= Lo —Xo}X b
=1¢£@oﬂ) . ko) v

il e T =2)1 }//}q( /
) ;_Q . (2
Q, D+39 kb(Q -4, x) /



T , o‘\//t"« Mm\ x M%’@A@Mg\dd&w Ondluww X,)xc ;

= >c,+>u




28

: (C) (}) K{VMS A\%vxs“' ;’D.QQ;J/M/j M“\’\i&e&/mﬁ W/ﬂ\

0~ fo 20 3cr0p3io 225 .24
[0 2o £y2 %0 D> 2o LIS 219
23 ~9o 245 24015 g3y 9.4

To-Jo0 [ 5 [£=ta £ 008

Yo ¥
[{ o (G —J5m 5’,%1.4 (m% Suagts HJAJ)

Yo 23 ¢ U /
ey EXMM;?%M /w ;
ddioneer T (m 4y
e - E PR P I

g 2

Nlsnerdian comsriyatan Mpgi < Vo g =(/V\6~+/V\ml A
(0" "x3Z0 = 4"'%\4_
Vs O+8F M/ /

_ E oy / lme{m\m wkw&e» wﬁm
m@‘} v N RS




hh= zmg + [4m's" y bomen
I k= Kk
~ .
= Mj F / /V\VZ' JRE \
= - &l(j ( : Je ‘/Vl-“ﬂ” Qhﬂ@wmt //VWJ:

STy =

L Z"i’\iw o B R ey \//

e AM hlu zuowJZm

MMWLW‘

= z-j Kh
Ir= O 4R5 mj

k(ak)

== 0 Fb M/J

lncty J»Wnlvv\gg)\_Lg(N\/
Ut k(AL) vszL

e G-84F m /5

(tha 18 H«Wmm by chow)
WW S (D et onserviho,

U= V{—?’VL

@ =V, v 050 &5
Vi: (=) 2-2% M

= A5\
\ l,\: 9:1‘? oM \/ﬂ




QQ) Fff%am& M»\i’\@ar o~ A}‘Mﬁ—w LA’-JCN L*@—uw o mmml Mord By

e’ mhil:‘ fodewy Matd, o,

k=Y, + s V. (Dm/a_ o r
kB tompantd im UL ém,\// +i,,mu/L
s AR D,

l’J-‘L e R @ ‘@ =V I“fw..
Nqi:}& @ m ((/L V,)(Ud'\/) i‘\/z_

A wEY, ,%M B
, 7/ \MV Vo= \/L @
\/i (l r) @ |

Hu’\’:/‘z T kf utu\or%’(zm 4y &ML\NQ ,~£i&>\c&£ \»J\
() i | | }J MUt MQ%L { / k(f%) T
, waum Jokee oLl mLs&.«Jfr o
V”{/o bt Mk, oo Ao L‘»&‘\c P o EHWV
'&,N\L,’L:U((M\)L &= (A ‘?’ri“\U” = O %gx/ e
| Moo = b en
)\ ik s rolae o w\ﬂAL:o;/ﬁq.y; x &g |

00847

M Lot - oonT oot syge(/



