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Marking

The mark scheme is prescriptive, but markers magiensome allowances for alternative
answers. It is not possible to provide notes @raktive solutions which students devise since
there is no opportunity to mark a selection of etid’ work before final publication. Hence
alternative valid physics should be given full atet in doubt, email the BPhO office.

A positive view should be taken for awarding maskeere good physics ideas are rewarded.

A value quoted at the end of a section must hageutlits included. Candidates lose a mark
the first time that they fail to include a unit,tmot on subsequent occasions except where it
is a specific part of the question.

The paper is not a test of significant figures.n8igant figures are related to the number of
figures given in the question. A single mark i i first time that there is a gross
inconsistency (more than 2 sf out) in the finalvegisto a question. Almost all the answers
can be given correctly to 2 sf.

ecf: this is allowed in numerical sections providledt unreasonable answers are not being
obtained.

owtte: “or words to that effect” — is the key physidea present and used?



Section A: Multiple Choice

Question 1.
Question 2.
Question 3.
Question 4.
Question 5.
Question 6.

>0O00000

There is 1 mark for each correct answer.

Maximum 6 marks

Multiple Choice Solutions

Qu.1 Energy change = work done = force x displacerseMILT 2 X L = M=
Qu. 2 Since the liquid is incompressible, what goes imafime each second must go through the

smaller pipe. So the flow rate remains@m3s~?!

Qu.3 However, the fluid must speed up in order to gedugh the small tube. The cross sectional
area i% ™ of the larger tube area, so the speed must 3 tireater.

Qu.4 (5& 6) Resolving the forces on the join in the struegtically

T cos45° =mg
And horizontally
Tsin45°=F
And dividing
F
tan45° = —
mg
And withtan45° = 1 then F=mg



Section B: Written Answers
Question 7.

a) Distance (or displacement) = area under graph 4
Area = (rectanglext + 4
(triangle) Y2 base x height érx txal[=@Ww—-u)/tlt= %at2 v
a X t is the height, the gradient times the base.
Must be clear how the terms are obtained.
[3]
b) This is a subtlety of constant acceleration. Thientaobject increases in speed by the
same amount as the rising object loses speededsatrel time is the same and the
accelerationg, is the same (acceleration is change of spetthe). So the heigtit

is covered in time at speedr. Henceh = vt. 244
The argument must be quite clear and without olsfise as the answer is given.

OR by calculation: gonvention h T,y l,g L,v T, so(h—y) T, etc]
v, vy, are the speeds of the top/bottom particles whey tieet

v, =gt and v, =v—gt v
So Vet v, =V 4
h=%(v—vb)t+§vtt v
Hence h=vt
Alternatively
A starting point — rising particle: h —y = vt — %gtz v
Reasoning — and with y = %gtz v
h—y=vt—y 4
h = vt (no mark for the result)
) [3]
C) Falling object y = Egtz v
And h=vt
1 h?
Therefore y=59 v
[2]
d)
20 ms-1 Parallel lines with
ms one crossing axis and
one through origin v/
t 5s (may be inverted)
0
Two points at the same
t (5s) and below the time
i v
30 ms-1 axis.
vy = —gt = =50 ms™!
50 ms™?
v, =v—gt=-30ms™!
v
[3]
Total 11



Question 8.

Diagram
Spin of the Earth
Informative diagram to illustrate the angle betw&em and Venus v
sin§ = 222 v
1.0
or 0 = 46°

idea that planets remain in position whilst Eagims in a few hours v
time before sunrise % X 24 = 3 hours 4 minutes ~ 3 hours v

[4]
Total 4

Question 9.

Slower ball dropped
from a lower height

Faster ball dropped
from a greater height

. so travelling faster
Diagram

The balls fall with constant acceleration from tditierent heights. 4
When they bounce off the 45lope, their speeds then remain constant v/
As there is no component of gravity/no force omthe

The elastic collisions maintain their speeds thaytgained in the fall v
Travelling at different constant speeds, the fasadir(dropped from the greater
height) will collide with the slower ball. v

[5]



Note that this calculation isnot required.
The calculation of the horizontal distarceavelled is

N.Bh, h") are the starting heights

vertically h = %gtﬁ and horizontally s = vty (constant speed x time)

So that th tty = trotar = \/% +%
- - 2h’
Similarly teotar = /7 +
And with v? = 2gh
v'? = 2gh’'

2h+ s 2h’+
g /2gh g

2h'+s  2h+s

Multiply through by,/2g to give = =

s = 2Vhh'

Rearranging gives

Question 10.

S

J2gh'

Total 5

a) Since the resistivity is much less than coppergctitee will need to be much larger.

1.68 X 107% = 0.53; v
[=32x10"m v
[2]
b) A semiconductor has many fewer free electrons (tacer of 16 or more) v
[1]
£
C) = v
R+R,
[1]
L
—_— — /
d) N —
| = N2ra = = 2ma = L2 v
2T r
[2]
_ bl _ P e _pa _ ol
e) Rc—mz—m2 Lnr—r3L (useof R=7v) v
. [2]
N 1

= — sy — — J

f) B =y, . I =u, — (R+%L) three terms
Correct denominator term v
; , [2]

1 &r° _ Er

g) For R=0 B—ﬂoapﬂ— 0 2pal v [1]



&

h) Rc <R B = Ho TR v
i.e. Independent of the geometry of the coil, m#gidepend omnr [1]
)
RC < R SmallR = 0
B
r
graphs v

Labels to state which is which v

[2]

Total 14
Question 11.
Rounding errors are not penalized
Any order is allowed
Data really to 2 sf but avoiding multiple roundiagors
5 W electricab> 62.5 W thermal 4
Thermal power with 5.5 MeV per decay ahd MeV = 1.6 x 10713 J
....is 8.8 x 10713 J per decay v
Results in7.1 x 1013 decays per second v
Half life in seconds used in calculation 2.8 X §6conds 4
. Aot
Number of decaying atoms (moleculd) = #9}‘; =2.8x16° v
No of moles calculateg"— = 0.47 moles 4
A
Calculation of mass of PyO 238 + 16 + 16 = 270 g/mole v
So 127 g of pure PyO 4
80% factor as not all Pu is radioactive (wrorgjape) 159 g v

Density calculation 15.9 ce 16 cn? v

Individual intermediate values may not be calcuatit if the subsequent value is obtained
then credit should be given.
ECF allowed. If the right calculation given withetivrong numbers then credit given unless
numbers are silly (e.g. 1000 atoms used, say)
[10]
Total 10
END OF SOLUTIONS



