Mark Scheme

Q1.

Q2.

Q3.

Question | Answer Mark
Number
B is the correct answer as v a 1/4 when I » and g are the same. (1)
A 15 not the correct answer as both wires have the same charge carrier density
as they are both made from copper.
C 1s not the correct answer as both wires have the same current as they are in
series
D 1s not the correct answer as the length of the wire 1s not related to dnft
velocity
uestion
Q_ Answer Mark
Number
1
D is the correct answer
A 15 not the correct answer as a larger charge would decrease dnft velocity
B 1s not the comrect answer as a larger diameter would decrease dnfi velocity
C 1s not the correct answer as a larger current would increase dnft velocity
Question | Answer Mark
Number
Cis the correct answer as v represents the drift velocity of the (1)

charge carriers.

A is not the correct answer as n is the number of charge carriers per m®
B is not the correct answer as g is the charge per charge carrier
D is not the correct answer as A is the cross-sectional area




Q4.

Q5.

Q6.

Question
Number

Answer

Mark

The only correct answer is D (4 v)

A because this would be 16 times less than the actual value
B 1s not correct because this would be 8§ times less than the actual value
C 15 not correct because this would half the actual value

Question
Numbher

Answer

Mark

The only correct answer is B - total number of conduction electrons in 1 m? of
a material

A 1s not correct because » refers to the number of charge carners per umt volume,
not per umt length

C 1s not correct because the total number of electrons 1s not the same as the
number of charge carners, and » refers to the number of charge carners per umt
volume, not per unit length_

D 1is not correct because the total number of electrons is not the same as the

number of charge carriers.

Question
Number

Answer

Mark

A is the correct answer v = I'n.dg — doubling 4 quadruples 4, and with n
doubling also. the denominator is § times larger

B 15 not the comect answer as 4 15 quadrupled and » 1s doubled (factor of 8 overall)
C 15 not the comect answer as 4 15 quadrupled and » 1s doubled (factor of 8 overall)
D 15 not the correct answer as 4 15 quadrupled and » 15 doubled (factor of 8§ overall)

1)




Q7.

Q8.

Q9.

Question Acceptable Answer Additional Guidance Mark
Number
Use of I =ngvA (1) | Example of calculation
b= 254
T 85x10%8m3x 1.6x10-19Cx28x10°m? | 2
r=6.6x 105ms—? (n
=6.57 x 105 ms!
Total for question 2
Question | Answer Aark
Number
Use of I = ngvA (using dimensionally-correct A) (1)
v=75x%10"ms™ (1) 2

Example of calculation
A=w=n (040 %107 m)y’=50x 10" m’
I S1A

v=75%10"ms"!

VT gA (85 X10%2 m—2)(1.6 x10-*°C)(5.0 x10~"m?)

Total for Question

(]




Question Answer Additional Guidance Mark
Number
Use of I = ngvA (1) Example of calculation
T
v=32x10"*ms™! (1) - 1254
9.0x 10 m3 x 1.6 x 10717 Cx 2.7 X 107" m?
v=322%x10"*ms™!
2
Total for question 2
Q10.
Question | Answer Mark
Number
a The average/mean velocity of the (free) electrons (1)
1
(allow “speed” for “velocity”, and “charge carmers” for “electrons”).
b Use of I = ngv4 with e =(-)1.60 x 107 (C) (1)
v=(-)3.65x10*ms! (1 2
Example of calculation
= Iinad — 1.31A
v=4ingd= (8.49 x1022 m—2)(1.60 x10~1% C)(2.64 x10~7 m2)
v=365x10"ms’!
Tatal for guestion 3

Q11.




Question | Answer Mark
Number
(a) To lumat the current (1n the circuat)
Or To avoid overheating/melting (in the circuit) (1) 1
® |,
I; (1)
as current 1s the same around a series circuat. (1)
W — 025 (or 1:4) 0
Vz
as the (cross-sectional) area / 4 1s 4 times less for Z
Or as the (cross-sectional) area / 4 1s 4 times greater for W (1) 4
(for MP3, allow an answer “=17 )
(Do not award MP2 if value for MP1 1is incorrect)
(Do not award MP4 if value for MP3 1s incorrect)
Total for question 5
Q1l2.

Q13.

Question

- Answer Mark
Number
a £ has greater {(cross sectional) area than W (L)
So Z has smaller resistance than W (L)
Z has greater current than W (1)
Since I = ndve, with both 4 and 7 4 = greater in Z, (drift velocity 1s the same) (1) 4
b
- Same value Larger value | Larger value
Quantit for W and Z in W inZ
Current in the wires *
(1)
Resistance of the %
wires (1)
Potential difference
across the wires X M
Dnft velocity of the (1) 4
charge carriers in x
the wires
| Total for guestion 3




Q14.

Question | Answer Mark
Number

a Use of R = pl/A (1
p=11x10"°0Qm (1) 2
Example of calculation

RA (2.00)(25x10 "m?
- 2ol M) o 111x10%0m
I 0.45 m

b Use of R=WII (1)
Use of 7 = ngvd (D
v=42x 10" ms! (1) 3
Example of calculation
I=VIR=(3.0V)/2.0Q)=15A

1 15A

VT gA (9.0 X1028 m=3)(1.60 x10-1° C) (2.5 x10~"m?)
=417 %10 ms™!

¢ Halving length halves resistance (1
Which doubles the current (1)
I = nqvA related to drift velocity doubling (so suggestion 15 correct) (1) 3
Total for question 8




Question

_ Answer Mark
Number

a Use of R = V/I (to find resistance of whole circuit) (1)
Subtracts 9 Q from 11 Q (to get 2 Q) (1)
Use of resistors in parallel formula (1)
R=600Q (1)
(MP3 - Allow 2= -2

3+R

OR
Use of R = /I (to find V across 9.0 Q resistor) (1
Subtracts 1.26V from 1.54V (to get 0.28V) (1)
Conservation of charge used to establish current in R (0.467 A) (1
R=60Q 1| 4

Example of calculation
R="Flforwholecircuit=154V /014 A=11Q
Resistance of parallel section=11Q-9Q=2Q

1_1 1 1_1 1_1
—=—+— s0-=-—-=-
Rp Ry R:’ R 2 3 6
SoR=60Q

OR

F=IRfor90Qresistor=014A=x900Q=126V

p.d. across 3.0 Q resistor and resistor R=1.54V-126 V=028V

(for 3.0Qresistor) I=F/R=028V/3.0Q=00933 A
Current mn resistor R=0.14 A—-0.0933 A=00467T A
R=F/I=028V/00467TA=600




bi Use of cross-sectional area = m~ (1)
Cross-sectional area = 1.8 x 1072 (m?) (1) 2
(“Show that™ so units not required)
(MP1 — not awarded 1f diameter 15 used)
Example of calculation
- % 0.15 x1073m, 4 — '
cross-sectional area=mr-=1 (—2 Y= =1.77 = 107" m-
bii Use of R =pl/4 (1)
Length of copper wire = 9.5 m (1) 2
(e.c.f from (b)(1))
(Answer usmg “show that” value = 10.7 m)
Example of calculation
_RA_ (900)(1.77 x10"°m?) _
I= p  (L68x107%am) 948 m
biii Use of I = ngv4 (1)
¥=58x%x10"ms! (1) 2
(e.c.f from b(i))
(Answer using “show that” value =52 x 10* ms™})
(1gnore minus sign on answer)
Example of calculation
1 (014 &) _ 4 -
T ngd (849 x102%3m—2)(L.60 x10-19C) (177 x10~8m2) 5810 "ms
Total for question 10

Q15.




Question
Numbher

Answer

Mark

(a)

Corresponding values from best fit line
Useof P= VT
Minimum potential difference =90V

Example of calculation
P=TT
At90V. P=90V=39A=351W

()
(1)
1)

(b)(@)

In parallel. each headlight recerves 12 V
Or In senes, each headlight recerves 6 V

In parallel. headlights will have higher power/brightness
Or In senes, headlights will have lower power/brightness

In parallel. if one headlight breaks/fails, the other one remains on

Or In senies, if one headlight breaks/fails. the other one goes out

@

0

0

(b))

Useof R=FI1T

Use of resistors in parallel formula to calculate Ry in parallel
Rsenies 1s not 4 = Rparallel. so student not correct

Example of calculation
(Using data from the graph):
_ 120V

R of single headlight in parallel =¥ —=2610

T 454

2610 2610°
60V

(for parallel headlights), ﬁ =

+—t  oRr=1300

R of single headlight 1n series = Y_80V_1880

I 32ZA

(for series headlights), Rr=188Q+188Q=3760Q

376/130=29 s01s 29 x less in parallel. not

4 = less

1)
1)
0

(c)

Use of R=plid
Use of I = ngvd
Drift velocity =3.4 * 107 ms™!

Example of calculation

158

[_172x10°°0m

R=plid, soA=L=""""7_"1

P R 001750m™?
B0 A

P =

249 x102%m™2 x1.60 x1071°C x 9.83 x 107" m?

=083 = 107 m?

=34 %10 ms™!

0
0
@

Total for question

12
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