Physics

Answers — Mixed Exam Questions — Set 9

1.
Question Answers Additional Comments/Guidance Mark
(a)i) determine area under the graph 1
[or determine area between line and time axis] v
(a)(i) | line starts at very low current {within bottom half of first square) v Use this scheme for answers which treat the 3
as seen | either line continuing as (almost) horizontal straight line to end v | information in the question literally.
or very slight exponential decay curve v
which does not meet time axis +
OR suitable verbal comment that shows appreciation of difficulty of
representing this line on the scales involved v v v
(a)(il) | line starts at half of original initial current v Use this scheme for answers which assume that 3
as slower discharging exponential (ie. smaller initial gradient) both resistance values should be in 2 or ka2
intended than the original curve v ¥z initial current to be marked within £2mm of
correct line that intersects the original curve expected value.
{or meets it at the end) +
(b)(i) energy stored (=% CV) =% x012x90° v (= 4.86(J)) SF mark is independent. 4
486 =35Ah v Students who make a PE in the 1% mark may still
gives Ah=(1.39) = 14 (m) +v be awarded the remaining marks: treat as ECF.
to 25F only +
(b)) energy is lost through heating of wires or heating the motor Allow heating of circuit or I R heating. max 2
(as capacitor discharges)
energy is lost in overcoming frictional forces in the motor Location of energy loss (wires, or motor, etc) should
(or in other rotating parts) + be indicated in each correct answer.
[er any other well-expressed sensible reason that is valid Don't allow losses due to sound. air resistance or
eq. capacitor will not drive motor when voltage becomes low v ] resistance (rather than heating of) wires.
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O=It)=45x10"% x60 or =270 x 107*(C) v

o) 2.70x107
c{:%%# v =6.1(4)x 10° =61 (uF) v

A

since V; was 4.4V after 60s, when t=30s V=22 (V) v
[orbyuseof @ =ltand Vo= QIC]
~pdacrossRis (6.0-22)=38(V) v

In alternative method,
Q=45%x10"x30=1.35x 107 (C)
Ve=1.35%x107°/6.14 x 10° = 2.2 (V)

V' 38
R( =— ]=—_ﬁ =8.4(4) x 10°(Q) v (=844 kQ) (allow ECF from wrong values in (a)(i))
I} 45x=10
Charging
+ electrons flow from plate P to terminal A and from terminal B to plate

Q (ie. from plate P to plate @ via A and B)

* electrons flow in the opposite direction to current

+ plate P becomes + and plate @ becomes -

= the rate of flow of electrons is greatest at the start, and decreases to
zero when the capacitor is fully charged

* Vg decreases from E to zero whilst Vi increases from zero to E.

« atanytime Vr+Vc=E
time variations are exponential decrease for Vs and exponential
increase for Vi

+ chemical energy of the battery is changed into electric potential
energy stored in the capacitor, and into thermal energy by the
resistor (which passes to the surroundings)

» half of the energy supplied by the battery is converted into thermal
energy and half is stored in the capacitor

Discharging
« electrons flow back from plate Q via the shorting wire to plate P
+ at the end of the process the plates are uncharged

+ the rate of flow of electrons is greatest at the start, and decreases to
zero when the capacitor is fully discharged

Vit decreases from —£ to zero and Ve decreases from E to zero

at any time Ve =- Vs

both Vz and Vr decrease exponentially with time

electrical energy stored by the capacitor is all converted to thermal
energy by the resistor as the electrons flow through it and this
energy passes to the surmoundings

+ time constant of the circuit is the same for discharging as for
charging
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(refers to a capacitor that)
stores/holds/changes by 370 uC of charge v
for every (1) volt/volt change (of pd across its plates) v

“Unit of pd” is no substitute for using volt and
“unit of charge” is no substitute for coulomb.

However the alternative marking could give a
single mark for 370 x 107 units of charge per
unit of pd.

03.1 OR An equation may contribute towards the first AOT
reference to charge to pd OR charge to voltage ratiov’ mark but only if the symbols are identified. A
includes units C or coulomb and V or volt v second mark can be given if the units are
identified.
lgnore poor phrasing like ‘per unit volt passing
through'.
(Using time constant = R C)
03.2 (R=1.0/370 x 10—5) Check that the unit on answer line has not AO
’ R=27x%10°(Q) v been altered
Cross must be in the bottom half but not on the
First mark for marking a cross at 2 s and 8.5 V (by eye) v 8.0 V major grid line or exactly half way up (9.0
. - . V)
geconci_mark f{ér. gr?_ph sttartmgr?t thﬁ o_ngmtalng having a If a series of plotting crosses are given only
ecreasing gradient ie ot reaching honzonta consider the one placed at 2 s for the first
mark.
03.3 " ——T AO2
v e

NB Tutors Ltd, Unit 79, Capital Business Centre, 22 Carlton Road, South Croydon, CR2 0BS

3.



03.4

(USMy T2 = 0.0 RC =069 % 1.0)

OR

voltage V= QIC =3 x 10~ /370 x 10°°
=8.1(1) Vv

(Substitute into V' =1,(1 — e7RE 1)
81=98(1—-e") Vv

t=17s orl.8s v

An answer only gains only the last mark.
Evidence of working must be shown which
shows substitution into a (’1—e't) form of the
equation.

T =0.69 (3) v 1 sig fig is not acceptable AO1
-t -t

(Use of @ = Qo(1 — e ke ) = CV (1 — e &)

mark for max charge = CV, which may come from substitution

or seeing 3.6(2) x 10°C v

301022370 %105 %98 (1—ed) v Alterna_twe mark scheme uses the voltage as
proportional to the charge.

c oty 1 74 = _ ot -1/ 73 = ]

mark for substitution (0.8274 =(1 —e7)so e = 1/0.173 = 5.79) Do not allow use of the graph for 2™ mark

and 3™ mark.
03.5 t=1.7s orl.8s v AD2
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a Capacitance = cl.’narge per (unit) potential B1 Allow: capacitance = charge / potential difference, charge/pd,
difference charge/voltage but not charge / volt, coulomb /pd (no mixture of
quantities and units. Allow “over’ instead of per
b| (i) | Q=CV=45pux6.3=28(35) (pC) B1 Allow: 28 (= 2 sf)
(i) | E=1%CV° =05x45xpx(6.3) C1 Allow use of E = 2 QV and the Q value from (b)(i)
Q=28 E=8.82 and Q=28 4 E=8.946
=8.9(3)x 10° (J) / 89.3 p(J) A1 Allow ecf from (b)(i)
penalise power of ten error (-1)
c | (i) | Electrons / they move in an anticlockwise B1 Alternatives for anticlockwise: from / lower plate around the
direction circuit, from [/ lower plate through the resistor to top plate
implied
Charge on plates decreases / electrons Capacitor discharges / loses charge
neutralise positive charge B1
p.d. decreases exponentially B1
(ii) | (dissipated as heat) in the resistor / wires B1
d | (i) | Total capacitance = 1.5 +4 5 =6(.0) (pF) Al Allow one SF
(ii) | Onginal charge on 4.5 pF capacitor is ecf from (b)(i) and (d)(i)
conserved (28.35 pC) C1
V=(2835u)/(15+45)u=47 (V) Al
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(a) capacitance = charge-f potential difference B1 Allow: p.d. and voltage
Not: charge per volt or coulombs per p.d
(b) | (i) | V=0Q/Cand Q = constant in series circuit
450
- * C1
450+150
- _ Allow: 1 mark for an answer of 1.5 (V)
potential difference = 4.5 (V) Al Note: Using (b)(ii), alternative marking scheme
V=675x10%150 x 10°% C1
V=45V Al
(ii) | charge = 150 x 10° x 4.5
charge = 6.75 x 10* (C) B1 | Possibleecf
Note: Using (b)(iii) .. @ =6.0 x 1.125 x 10* = 6.75 x 10* (C)
(iii) | 1 1 1 o Possible alternative:
150 450 (working in uF) capacitance = 6.75 x 10%/6.0
e - B1 | capacitance = 1.125 = 10™* (F) or 113 p(F)
tance Ct=1.125 x 107 (F) or 113 p(F !
capaciiance L < 107 (Fyor 13 u(F) Possible e.c.f. from (ii)
(c) | (i) | time constant = CR
time constant = 1.125 x 10 x 45 x 10° M1 MNote: The mark is for multiplying correct C and R values
time constant = 5.06 (s) AOD Possible e.c.f. from(b)(iii)
(ii) | Graph starting from 6.0 (V) B1
Correct shaped curve B1 Note: The (exponential decay) curve must not touch or cut
the time axis
Approximately correct value of V at CR B1 Note: Vis2to25(V)att=5s
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Allow: with or without the 10° }

(i) | 12457 150x10™ and 11,5 x450x10™ C1 \
- _ 5 > Possible e.c.f. from (b)(i) and (b)(ii) _
ratio = 0.5x4.5" x150x10 Allow: full credit for correct use of either *2QV or 2 Q7/C
0.5%1.5" x450x107°
ratio = 3 Al
Or
Y5 Q% C1sp and Y5 Q% Casg C1
ratio = C45u / C15.u
ratio = 3 Al
(iv) | The ratio remains constant B1
The charge / Q is the same for both capacitors B1
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