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;X'owded
Figure 1 shows a skydiver of s m falling under the influen
force F that is proportional to y” (F bv™, 3 i

falls, b is a constant and n is

-3.

SECTION A

Answer ALL questions.

this answer booklet.
g,of gravity and a drag

re v is the velocity of the skydiver as she

integer.

¥

Figure 1
Next to Figure 1 draw a free body diagram to show the forces acting on the sky-
diver. [ 1 mark ]
sbow thaer downward acceleratxon 1s a, the equation of motion for
the skydiver can Be-written as
g—a=—= v,
. - bv”
Net fovce = W- F a M(j v
Nt force = = MO - P
Mﬁ —bv" = ma
n
M‘i Mmoo = bv
m ( 9 —a) = by”
j a = %\/m/ ~ [ 2 marks]
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(b) Table 1 shows data recgrded for thy acceleration and velocity of the skydiver as she
underwent free falr,
TABLR 1
Accelerdtion Velocity "
a/pd 572 v/ms™t g-a/ms lg &~ lgv
941 10 '0.3"(0 = 0.4D9 [- 090
3.91 15 0.3490 ~9.03] - (8
8.24 20 A 0.143 L-30
7.36 25 Q.44 0.3%7 .40
6.28 30 3.52 0.547 | 1-4%
5.00 35 4 80, 0631/ .5y
(1) Complete Table | by filling in the blank columns. [ 3 marks]
(i1) On page 4, plot a graph of Ig (g — a) vs Igv. G - | P - [ 3 marks]
(iii) Calculate the gradient of the graph and hence determine a value for » (to the
nearest integer).
gwmtw : \j—":)
(¢, 90D =010 —om} )CXL 190 = (150, 0.54)
\osa~(~01' 0-8 _ 5 .0
gradbent C%‘Ei‘“.?rg R
—a = M v ‘
Gl = 1y & + 9V
J 2 o+ A
Gvodient. =21 pr
[ 3 marksj
(iv) Calculate the terminal velocity of a skydiver with a mass of 78.5 kg, given that
} | ’ b=0251 kgm™.
Ryt V )
FD_-; \,\'1 b\/L MMEPM_ )_Lk‘j_\
o5 2
73§k‘-(4 : i}‘iw S /b:\ ~ é‘ ) Sl > ‘—i\yi \/
JAADIad EREE e RNE S i?x_skg
> _ ‘ taq -l
17 = 20649 s N 240597.3
Vo= J3cey -9’y L
V= S5 4y S
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{ 3 marks]
Total 15 marks
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CAPE PHYSICS 2011
Paper 02 - UNIT 1 EXEMPLARS

MODULE 1
Question 1

The candidate demonstrated sound knowledge and understanding of the material presented in this
question.

In parts (a) and {b), the candidate correctly drew the free body diagram showing the forces acting on the
skydiver and was then able to use the information provided to derive the force equation required for
the proof.

In part (b) (i), the candidate showed a good grasp of the use of significant figures and correctly
completed each of the three columns of the table provided.

With respect to the graph, the candidate correctly deduced ‘n’ as the gradient value and displayed the
understanding that an integer does not require decimal places. However, it must be pointed out that the
‘broken axis’ symbol, as used by the candidate in drawing the graph, is inappropriate in Physics.

In part (b) (iv), although it was not explicitly stated in the response that a = 0, the candidate used the
fact that at terminal velocity the upward forces = downward forces to obtain the correct value.
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2: (a) Figure 2 shows a loudspeaker sounding a constant note placed above a long vertical tube
containing water which slowly runs out at the lower end.

AF generator

Figure 2

(1)  Describe and explain what is heard at a certain level as the water runs out at the
lower end.

At e whan Yevel | Mo distance fgen e

Swbee  of Mo et b o \»z{»}k\— chixe Be e
WENL he {c@&a& o .}:‘ 4 Oc '*LL S\'c,'\ho’\(;fj wene

pradueed ot o paddt oF Yo Swppanchon ob e

2T N }‘ P A C/»’_(; .‘ ‘!‘5 4 1;(( [j {'&. JEAT I\‘Y Upt Y \L -~ Hﬁl/

W

’3)'\«\2& o ‘)»\'\ & b \«Vzc i d [ :k’

[ 2 marksj

(i) What name is given to this phenomenon?

F2.30A0n e

| 1 mark ]
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(b) The frequency of a vibrating string is given by f = TR where T'is the tension in the
2Ly u

string, 4 is the mass per unit length of the string and / is the length of the string.

While the tension of a vibrating string was kept constant at 100 N, its length was varied
in order to tune the string to a series of tuning forks. The results obtained are shown in

Table 2.
TABLE 2
Frequency of Fork, /| 50 288 320 384 450 512
., (Hz)
Length (‘:f,)s'““g’ Ll 0781 | 0695 | 0625 | 0521 | 0444 | 0391
I (m™) 1.2% [ tuM | veo (.42 | 2.25 [ 2.86
(1) Complete the table by filling in the values for 1/ [ 1 mark |

(i) On page 9, plot a graph of frequency fvs 1/1. [ 3 marks]

(i) Use the graph to determine the frequency of an unmarked fork which was in tune
with 41.7 cm of the string.

ATt e rresieres—yed UiTem T 9 HtT m

I [ PSPPI {

ST T o = 2.40 ™
I e .
- ] - Wwhan ‘A. : 2MOAC
Tt S
' -4 S,' = L‘\%O Hl
;_?r:;L x-"'«i-"\ - _—&e'e—"-’_- .
[ 2 marks]
(iv) Calculate the gradient of the graph.
qredet 2 oy wehdd  axe tade
Lt ot zontd e Stelt
= 1§00 X1 Wy
8.0 K 0.0~
= 290 Hzm = 200ms | [ 3 marks]
(v) Determine the value of the mass per unit length, 4, of the wire.
2 JX
S; al oS 4 F —t
2 Jo 7 300 ms

(= +) Catf - + [
C % /L D.f; j;z “oo

\Gu\\' :'7 ‘(L = erc\é\b;}
¥ g
W noo

Lofr, gedak
> J; 3 f Mot T/&QOL [ 3 marks]
T = 19—‘2 . 'Total 15 marks
,( . - .- "%I ~4 - OO0
A0 0 ey ON TO THE NEXT PAGE
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CAPE PHYSICS 2011
Paper 02 - UNIT 1 EXEMPLARS
MODULE 2

Question 2
This script represented an outstanding response to the question.

In part (a), the candidate was able to correctly describe and explain the loud sound heard at a certain
level in terms of the wavelength of the sound compared to the length of the air column above the water
surface in the tube (I = 1/4).

In part (b), 1/ was found correctly to three significant figures and the graph of fvs 1/1 was accurately
plotted. The frequency of the unmarked fork was correctly determined by first finding 1/ when

[ = 41.7 cm and using the value to deduce the corresponding frequency of f = 480 Hz from the best
fit line.

In part (b) (iv), the candidate calculated the gradient by using the large triangle on the graph and
dividing the vertical change in frequency by the corresponding horizontal change in 1/l using the
formula

y X vertical axis scale

x x horizontal axis scale ’

in which x and y represented the number of units along the horizontal and vertical lengths respectively

of the gradient triangle. Many of the other candidates who correctly calculated the gradient used the
Y2-Y1

X2 - Xy

more popularm = formula.

Finally, the candidate also correctly determined the value of mass per unit length, p, using the gradient

found in part (i) and then equated the gradient to % \/E to solve for u .
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6. Figure 4 shows some gas contained in a cylinder with a piston in thermal equilibrium at a tempera-
ture of 315 K. The cylinder is thermally isolated from its surroundings. Initially the volume

of gas is 2.90 x 10 * m® and its pressure is 1.03 * 10° Pa.

Thermal
insulator

Figure 4
{(a) Use the equation of state for an ideal gas to find the amount, in moles, of gas in the cylinder.
| 3 marks]
(b) The gas is then compressed to 3.5 x 105 m*® and its temperature rises to 790 K. Explain
this rise in temperature
(1) on a macroscopic scale, using the first law of thermodynamics [A 3 marks]
(11) on a microscopic scale, using the kinetic theory of gases. | 3 marks]
(c) Calculate the pressure of the gas after this compression. | 2 marks]
(d) The work done on the gas during the compression is 90 J. Use the first law of thermodynamics
to find the increase in the internal energy of the gas during the compression.
[ I mark |
() Calculate the molar heat capacity of the gas in the container. | 3 marks]

Total 15 marks
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You MUST write the answer to Question 6 here.

6. (3) pV: nRT

Nz pV o= 103y x g0 koY
RT 83k 315

= Lt ylo~ T moles
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(C) Pl\f( B P)VZ

T T,
e
Pi = l:O3x(O%PO~ ;)3"
y - 345 Tl; "IC{ot_ ’

PYe x Ty . (1o3x & 100 ) x as

p—)_ = /_!___', I

Ty, 315 3541075

= 204 x(0° Pa,

d Aw =49+ AW
Sinmce, ne keat added o the gfjdﬁl\/) AQ =0

= AL = AW = QOJ

(e) E = nC A@
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CAPE PHYSICS 2011
Paper 02 - UNIT 1 EXEMPLARS

MODULE 3
Question 6

The candidate demonstrated sound understanding of the thermal properties of matter. in part (a), the
candidate selected the correct equation, made the correct substitutions and provided the answer
correct to three significant figures.

In explaining the rise in temperature in part b (i), the candidate first defined the first law of
thermodynamics and each of the associated terms. The candidate correctly indicated that work is being
done on the gas and that this leads to an increase in the internal energy and an increase in temperature.
However the candidate failed to indicate that because the cylinder is thermally insulated Q = 0 and so
all the work done goes into increasing the internal energy.

in part (b} (ii), the candidate accurately explained that as the piston moves in, it hits the molecules which
rebound with greater speed thus increasing their kinetic energy and resulting in the increase in
temperature.

PV PV,

Ty T;
this case, the equation P V = n R T could also have been used.

The candidate correctly used the equation in the calculation for part (c). However, in

In parts (d) and (e), the candidate again used the proper substitutions and correctly manipulated the
equations to find the increase in the internal energy of the gas and the molar heat capacity of the gas.

it should also be noted that the candidate consistently calculated all answers in parts (a), (c) and (e) to
three significant figures.



