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SECTION A

Answer all the questions.

1 (a) A student uses the circuit shown in Fig. 1 to investigate the characteristics of a filament bulb.

1

—
12V |
R E— ¢ —
Y® <V 4V
S
Fig. 1

(i) Show that the resistance R of the filament bulb Y in this circuit is approximately 2 Q.
pd. across X =12 —4 =8V (potential divider, same current)
Ry/Ry = Vy/Vx, so Ry = 34 x4 +8=17Q
(l=8+34=235AR=4+235=17Q)%20Q
[2]

The bulb is broken and the diameter of the filament wire is measured. The diameter is found
to be 0.046 + 0.002 mm.

(ii) Calculate the cross sectional area A of the wire and the uncertainty.

A = md*/4 = 10 x (0.046 x 1072)? + 4 = 1.66 x 107 m?
% uncertainty in d = 0.002 + 0.046 x 100 = 4.3%
% uncertainty in A = 2 x 4.3% = 8.7%

uncertainty in A = 0.087 x 1.66 x 107 = 0.14 x 107" m?
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(iii) The filament is removed from the bulb housing and the length is measured to be 20 cm.
Using your answer from (a)(i) calculate the conductivity o of the filament of the bulb
stating any assumption(s) that you make.

6 = oA/L and R = 1/6, so o = L/(AR)
0=020<+17x10"x1.7)
0=69x10 S m?

OF s 6.9.X.107 oo, Sm™!
Assumption(s): .the..filament.is..the.anly. resistance. in.the. bulb, . of. canstant..diameter,
.and. its. resistance. (temperature). is. .the. same.as.when .working. in..Fig. 1................ [3]

(b)* A new working identical bulb is put in the circuit in Fig. 1. The resistor X is changed to one
with a resistance of 6.9 Q. A student calculates that the voltage across resistor X will now be
6.0V.

Using ideas about current, temperature and the structure of metals explain whether or not the
student is correct.

The.student.is..not. correct.. The..6.0. N .assumes.the. bulb. has.the same..............

An.Fig..1.the. bulb.had R.=.1.7.Q. If.it. stayed . 1.7.Q:. total R .=.6.9.+.1.7.=.....
B6.0,1.2.12.+.86.2.1.4.4 V=14 .x.69.2.96.V.Coulb.about 2.4 V).........
With.a.higher.total resistance..the.current. js. less.than. before. (2.4. A2, so.............

Jess. power.is.dissipated.as..heat..in. the. filament..(P.=.I12R)..and. the. filament..........

temperature. the ions. vibrate. less,..sa.there. is. less..obstruction..and. .fewer................
collisions. with. the. moving..electrons:. higher. conductivity, Jlower. resistivity................
.So.the. bulb's. resistance. falls. below..1.7.Q,.a.larger. proportion.of .the. 12 M.is........

.acress. X..and the p.d.. across. X is.mare.than..6. N, far.more than. 6.0 V...........
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An experiment is carried out to find the half-life of a solid radioactive isotope X which emits beta
radiation.

(a) Describe two safety precautions necessary for handling such a material in the laboratory.
Handle.the. source..with.long.tongs. (Forceps), .never. with..bare. hands, .and. keep.....

At pointing.away. . £rom. . tRE.DOGY. ................cocooiiriisice

.............................................................................................................................................. [2]
(b) The results obtained from the experiment are given in the table below.
Time t/s Count rate/Bq | Corrected count In (A/Bq)
rate A/Bq
25 9.2 8.0 2.08
50 7.5 6.3 1.84
75 6.0 4.8 1.57
100 4.8 3.6 1.28
125 4.1 2.9 1.06
150 34 2.2 0.79
175 3.0 1.3 0.59
200 2.7 1.5 0.41
225 24 1.2 0.18

(i) Explain what is meant by “Corrected count rate” and complete this column in the table.

(ii) Complete the fourth column of the table by calculating the missing values for In (A/Bq).

[1]
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(iii) Agraph of In (A/Bq) (y-axis) and t (x-axis) is drawn in Fig. 2. Plot the remaining points on

(iv)*

© OCR 2018

the graph and draw the line of best fit. [2]
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Use your graph to find the value of half-life for the radioactive isotope X and explain the

advantages of using In (A/Bq) against t over an A against t graph to find half-life. [6]

from my line: at t = 20 s, In A = 2.09; at t = 220 s, In A = 0.18
gradient = (0.18 — 2.09) = (220 — 20) = 9.6 x 103 s71 = —A
half-life t, =n 2 + A =0693 +96 x102=72s

half-life of X = 72 s
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-gradient.. =A..and. y-intercept. In..b&y..(2.28.0m.my.Qraph...............ooocoveoevveeeen.

S0.\.=.=gradient..=.9.6.%.1072 5%, found..from..a. large. triangle.on. the.........
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best fit. line..Cpaints. far.apart),.and .ty = 0. 2IN.Z.72. Succooooooeeeeeee,
Advantages:.a.graph..of . A.against. t.is..an..exponential decay..curve,. which.........
.is.imuch. harder..to. draw..accurately. than.a. straight . line,.and. with.a.................

.Straight. line..any..anamalaus. points..are..a8Y. 10..S€€u.........ccccoocrevienienenienans

.the.points..averages..aut.. the..random.errar. in. each..reading... The..gradient..........
therefare. .uses.all..the. data..at. once,. s0.the. value.. found. .for. the. half-life.........

.1s..more..reliable

..............................................................................................................
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In 1917 Robert Millikan investigated the motion of tiny oil drops in an electric field and used this to
determine the charge on the electron. He sprayed tiny oil drops between two parallel metal plates

connected to a high voltage power supply and observed their motion. The experiment was set up
as shown in Fig. 3.

oil drop

microscope

=

<

metal plates
Fig. 3
As the oil drops are forced through a spray nozzle they become negatively charged.
With switch S open there is no potential difference between the plates and the oil drop is observed
to be falling at constant velocity through the air.

(a) Explain why the oil drop falls at constant velocity through the air.

Weight.acts. downwards. and. air. resistance. (drag)..acts..upwards,. drag..increases

With. speed..until it..is..equal .and.. oppasite. to. . the. Weight..............ccocooovevcveeeeeee,

.Then..there.is.no.resultant . force.on..the. drap,..so. there..is. no. acceleration.. the

.drap. falls. at..canstant..Cterminal). .velocity.

(b) The switch S is closed and the potential difference is adjusted until the oil drop remains
stationary between the two parallel plates.

The following data are recorded:
potential difference V = 390V
distance between the plates d = 6.0mm

mass of an oil drop m = 2.15 x 107 15kg.

(i) Calculate the electric field strength E between the two parallel plates.
Include a suitable unit.

E=V/d=390 + 60 x 1073

E=65x10*Vmt

E=.65.x.10%....... unit .V.mt... [2]
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(ii) Calculate the charge g carried by each oil drop.

stationary, so electric force = weight: Eg = mg

mg/E = 2.15 x 107*°> x 9.81 + 6.5 x 10*

\\

q
g=32x101¢

(iii) This calculation does not take into account the effect of buoyancy from the displaced air.
This effect produces an additional upwards force on the oil drop. Explain what effect this

would have on the value calculated for charge.
The.upthrust..adds. to..the. electric. force.(Eq.+. Fz.=.mg),.s0..the.apparent.....

weight..is.less..than.mg..and. the. electric. force..needed. to..hold. the drop.is.......

SSANBY ...
.S0.the. value..calculated. for.q. Cusing.mg). is. higher than. the. actual...................

SCPQYQC ...,

(c) The charge on the parallel metal plates is reversed. Explain the effect this has on the motion
of the oil drop.
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SECTION B

Answer all the questions.

This question is about an experiment to determine the Young modulus of a copper wire.

The diameter D of the wire was measured using a micrometer screw gauge in several places
along the length of the wire. The values obtained are shown in the dot-plot shown in Fig. 4.1. Each
dot represents one reading.

0.247)|0.248|0.249|0.250|0.251|0.252(0.253

diameter in mm

Fig. 4.1

(@) (i) Use the information in the dot-plot to find the mean D. Use the spread to determine the
percentage uncertainty.

mean = (0.247 + 0.248 + 4x0.249 + 2x0.250 + 3x0.251 + 2x0.252 + 0.253) = 14
= 3501 + 14 = 0.250 mm

spread = * Y range = + 15(0.253 — 0.247) = * 0.003 mm

% uncertainty = 0.003 + 0.250 x 100 = 1.2%

(ii) Calculate the cross sectional area A of the wire and include the uncertainty.

A = mD?/4 = 7w x (0250 x 1072)? + 4 = 491 x 107° m?
% uncertainty in A =2 x 1.2% = 2.4%
uncertainty = 0.024 x 491 x 107% = 1.2 x 107% m?

A=491.x107% ... +1.2.x.1077.. m2[3]
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(b) A marker is placed to give an original length of the wire as 4.00 + 0.02m.
Fig. 4.2 shows the extension x of a metal wire at different applied loads F. x is measured to
1+ 0.5mm and F is measured to +0.2N. Fig. 4.2 shows the force-extension graph for the wire.
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Fig. 4.2
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(i) OnFig. 4.2
1 complete vertical and horizontal error bars on each of the plots
2 label the regions of elastic and plastic deformation
3 draw a line of best fit through the straight section of the graph. [4]

(ii) Use the graph and the data given to calculate the value of the Young Modulus E. Include
the appropriate unit.

gradient of best fit line (straight section), large triangle:

= (6.92 - 1.08) N = (450 = 0.50) x 1072 m = 1.46 x 10° N m™*
E = stress/strain = (FIA) + (/1) = (F/x) x (I/A) = gradient x I/A
E =146 x 10° x 4.00 + 4.91 x 107°

E =119 x 10" Pa

E= ... 1.2.x.10% ... unit...Pa....... [5]
(c)* Use Fig. 4.2 and your answer to part (b)(ii) to estimate the percentage uncertainty in

the calculated value of the Young Modulus and describe the main sources of error in the
experiment. Suggest and explain possible improvements to the experiment. [6]

worst fit line (dashed, through error bars): (1.0, 1.3) and (4.0, 6.7)
gradient = 54 N =+ 3.0 x 102 m = 1.80 x 10> N m™*

% uncertainty in gradient = (1.30 — 1.46) + 1.46 x 100 = 23%
% uncertainty in A = 2.4%; in | = 0.02 +~ 4.00 x 100 = 0.5%

% uncertainty in E = 23 + 2.4 + 0.5 ~ 26%

so E=(12 +0.3) x 10 Pa

for.A.Q.4%) or for. ). (0.5%),.and. it is.why. the. errar. bars.allow. such.a.........
XONGE..OF QRAACIIES ...
lmprovement. for.x;..use.a. longer. wire, which. gives. larger. extensions.for. the............
.same.load..and..sa..a.smaller. %..uncertainty..in.X...Measure..X. with. a. travelling..........

.microscope.ar.a.Vemier.scale. against. a. fixed. reference. wire, which..reads. to...........
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%..uncertainty.in. D but give. smaller. extensions, so.the. %.uncertainty..in.x...........

QUL TACYEASED ...
Load: the nominal .100.9..masses..vary,..s0. weigh..each..mass.. individually.an.a..........
balance to. reduce. the. uncert@intyy. . Fu.............oocoooooiooieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
Area: D.is. squared, .s0..its. %..uncertainty. doubles..in..A,. and. the. . wire. may.not.........
have..a. circular. cross..section,..measure..R..in. two. perpendicular. directions..at.............
.each. place. with. the..micrometer, .checking. its.2€00..€X00K..............coooeeeeeeeeeeeeeerenae.
Length:. the. wire.may.be. kinked..or.not. taut. at. the. start,.so.l.is.not. the. true......

Jength,.use. fresh. straight. wire.and. pre-load. it with.a..small .mass.to. remave.........
Jinks. before..MEASUNING..L...................oveeeeeeoeeeeeeeeeeeeeeeeeee e,
Also.measure. x while. loading..and..unloading. (in. the.elastic. region..only) .and..........
.average.the..readings,. .to. reduce. random..error. and. check..that.the. wire. has.not.....

heen. permanently. SEYELENEA. ...

END OF QUESTION PAPER
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