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ANSWER ALL THREE QUESTIONS
50 marks in all

Show your reasoning clearly using numerical working, words and/or diagrams. Give answers with an
appropriate unit and a number of significant figures consistent with the data (standard form is
recommended); in a ‘show that’ question write down the unrounded value. Take g = 9.81 m s⁻². Use
ε₀ = 8.85 × 10⁻¹² F m⁻¹.

Formula sheet
Capacitors and inductors (from the standard): Q = CV; E = ½QV = ½CV²; C = ε₀εrA/d; τ = RC; Φ = BA; ε =
−NΔΦ/Δt; ε = −LΔI/Δt; E = ½LI²; τ = L/R; Vp/Vs = Np/Ns.
AC circuits: I = Imax sin ωt; Vrms = Vmax/√2; Xc = 1/ωC; Xl = ωL; Z = V/I = √(R² + (Xl − Xc)²); ω = 2πf;
resonance f = 1/(2π√(LC)). DC: ε = I(R + r); V = ε − Ir; Kirchhoff's junction and loop rules.

Question One (15 marks)

(a) A battery has an emf of 9.00 V and an internal resistance of 0.200 Ω. It is connected to an
external resistor of 8.00 Ω.

(i) Calculate the current and the terminal voltage.

(ii) Calculate the power dissipated in the internal resistance and in the external resistor.

(iii) Explain why the terminal voltage is less than the emf when a current flows.

[5 marks]

(b) Two batteries are connected in parallel across a 4.00 Ω resistor. Battery A has an emf of 9.00 V
and internal resistance 3.00 Ω; battery B has an emf of 6.00 V and internal resistance 1.00 Ω.

(i) Use Kirchhoff's laws to write equations for the two loops and the junction.

(ii) Calculate the current from each battery and the current in the 4.00 Ω resistor.

[5 marks]
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(c) An AC supply has a peak voltage of 18.0 V and a frequency of 1000 Hz and is connected
across a 10.0 Ω resistor.

(i) Calculate the rms voltage, the rms current and the peak current.

(ii) Calculate the average power dissipated, and explain why a DC supply of the rms voltage
would dissipate the same power.

[5 marks]

Question Two (18 marks)

(a) A parallel plate capacitor has plates of area 0.0400 m² separated by an air gap of 5.00 × 10⁻⁴
m, and is connected to a 100 V supply. (ε₀ = 8.85 × 10⁻¹² F m⁻¹.)

(i) Calculate the capacitance, the charge stored and the energy stored.

(ii) With the supply still connected, the gap is filled with a dielectric of relative permittivity 4.00.
Calculate the new capacitance and charge, and explain why more charge is stored.

[6 marks]

(b) An uncharged 1.00 × 10⁻⁴ F capacitor is charged from a 12.0 V supply through a 10000 Ω
resistor.

(i) Calculate the time constant.

(ii) Calculate the voltage across the capacitor and the current in the circuit 1.50 s after charging
begins.

(iii) Calculate the final energy stored, and state what fraction of the energy supplied by the
battery this is.

[6 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (15 marks) [DC circuits]

(a) A battery has an emf of 9.00 V and an internal resistance of 0.200 Ω. It is connected to an external
resistor of 8.00 Ω. (i) Calculate the current and the terminal voltage. (ii) Calculate the power dissipated in
the internal resistance and in the external resistor. (iii) Explain why the terminal voltage is less than the
emf when a current flows.

(a) Answer: (i) 1.10 A and 8.78 V; (ii) 0.241 W and 9.64 W; (iii) the lost volts Ir across the
internal resistance reduce the terminal voltage

• Evidence level: Excellence (treat the internal resistance as a resistor in series, then explain the lost
volts).

• (i) I = ε/(R + r) = 9.00 ÷ (8.00 + 0.200) = 1.10 A. Terminal voltage V = IR = 1.10 × 8.00 = 8.78 V.

• (ii) Pint = I²r = 1.10² × 0.200 = 0.241 W; Ploaᵈ = I²R = 9.64 W.

• Achievement: (iii) States that some of the emf is lost across the internal resistance.

• Merit: Links to the cause: the battery's internal resistance has a voltage Ir across it when a current
flows, so V = ε − Ir.

• Excellence: Full explanation: the emf is the total energy per coulomb supplied by the chemical
reactions; some of it (the lost volts Ir = 0.220 V) is transformed to heat in the battery's own internal
resistance, leaving 8.78 V across the terminals. The larger the current, the larger the lost volts.

KEY TAKEAWAY
Internal resistance: ε = I(R + r), V = ε − Ir; the 'lost volts' Ir are heated inside the battery, and the energy
is shared between R and r in proportion to resistance.

(b) Two batteries are connected in parallel across a 4.00 Ω resistor. Battery A has an emf of 9.00 V and
internal resistance 3.00 Ω; battery B has an emf of 6.00 V and internal resistance 1.00 Ω. (i) Use
Kirchhoff's laws to write equations for the two loops and the junction. (ii) Calculate the current from each
battery and the current in the 4.00 Ω resistor.

(b) Answer: (ii) I₁ = 1.11 A, I₂ = 0.316 A, I₃ = 1.42 A
• Evidence level: Excellence (write junction and loop equations and solve them simultaneously).

• (i) Junction: I₃ = I₁ + I₂. Loop A: 9.00 − 3.00I₁ − 4.00I₃ = 0. Loop B: 6.00 − 1.00I₂ − 4.00I₃ = 0.

• (ii) Substitute I₃ = I₁ + I₂: 7.00I₁ + 4.00I₂ = 9.00... solving the pair gives I₁ = 1.11 A and I₂ = 0.316 A.

• The current in the common resistor is I₃ = 1.11 + 0.316 = 1.42 A.

KEY TAKEAWAY
Kirchhoff: currents into a junction equal currents out, and the emfs round any loop equal the sum of the
voltage drops; write one equation per loop plus the junction rule and solve.

(c) An AC supply has a peak voltage of 18.0 V and a frequency of 1000 Hz and is connected across a
10.0 Ω resistor. (i) Calculate the rms voltage, the rms current and the peak current. (ii) Calculate the
average power dissipated, and explain why a DC supply of the rms voltage would dissipate the same
power.

(c) Answer: (i) 12.7 V, 1.27 A, 1.80 A; (ii) 16.2 W, the same as DC at the rms voltage
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• Evidence level: Merit (use Vrms = Vmax/√2 and compare with DC).

• (i) Vrms = 18.0 ÷ √2 = 12.7 V. Irms = Vrms/R = 1.27 A. Imax = Vmax/R = 1.80 A.

• (ii) P = VrmsIrms = 12.7 × 1.27 = 16.2 W.

• Achievement: States that the rms value is the DC value that gives the same power.

• Merit: Links to heating: the power in a resistor is proportional to V², whose average over a cycle is
Vmax²/2.

• Excellence: Full explanation: the instantaneous power V²/R varies between 0 and Vmax²/R,
averaging to Vmax²/2R; a DC voltage Vrms = Vmax/√2 gives Vrms²/R = Vmax²/2R, the same average
power.

KEY TAKEAWAY
AC and rms: Vrms = Vmax/√2; the rms value gives the same average heating power in a resistor as
the equivalent DC value.

LOS: DC circuits (91526)

Question 2 (18 marks) [Capacitors and inductors]

(a) A parallel plate capacitor has plates of area 0.0400 m² separated by an air gap of 5.00 × 10⁻⁴ m, and
is connected to a 100 V supply. (ε₀ = 8.85 × 10⁻¹² F m⁻¹.) (i) Calculate the capacitance, the charge stored
and the energy stored. (ii) With the supply still connected, the gap is filled with a dielectric of relative
permittivity 4.00. Calculate the new capacitance and charge, and explain why more charge is stored.

(a) Answer: (i) 7.08 × 10⁻¹⁰ F, 7.08 × 10⁻⁸ C, 3.54 × 10⁻⁶ J; (ii) 2.83 × 10⁻⁹ F and 2.83 × 10⁻⁷ C,
because the dielectric reduces the field so the plates hold more charge at the same voltage

• Evidence level: Excellence (use C = ε₀εrA/d, Q = CV and E = ½CV², then explain the dielectric
effect).

• (i) C = ε₀A/d = 8.85 × 10⁻¹² × 0.0400 ÷ 5.00 × 10⁻⁴ = 7.08 × 10⁻¹⁰ F. Q = CV = 7.08 × 10⁻¹⁰ × 100 =
7.08 × 10⁻⁸ C. E = ½CV² = 3.54 × 10⁻⁶ J.

• (ii) C = εrC₀ = 4.00 × 7.08 × 10⁻¹⁰ = 2.83 × 10⁻⁹ F, and Q = CV = 2.83 × 10⁻⁷ C (4.00 times as much).

• Achievement: (ii) States that the dielectric increases the capacitance, so the charge increases.

• Merit: Links to the cause: the dielectric reduces the electric field between the plates for the same
charge, so a given voltage can hold more charge.

• Excellence: Full explanation: the dielectric's molecules polarise and produce a field opposing the
plates' field, so for a fixed supply voltage the net field is smaller and the plates can hold 4.00 times
more charge before the potential difference reaches V; C = ε₀εrA/d increases by the factor εr, and the
stored energy ½CV² rises to 1.42 × 10⁻⁵ J.

KEY TAKEAWAY
Parallel plate capacitor: C = ε₀εrA/d, Q = CV, E = ½CV²; a dielectric multiplies C by εr because it
weakens the field for a given charge.

(b) An uncharged 1.00 × 10⁻⁴ F capacitor is charged from a 12.0 V supply through a 10000 Ω resistor. (i)
Calculate the time constant. (ii) Calculate the voltage across the capacitor and the current in the circuit
1.50 s after charging begins. (iii) Calculate the final energy stored, and state what fraction of the energy
supplied by the battery this is.

(b) Answer: (i) 1.00 s; (ii) 9.32 V and 2.68 × 10⁻⁴ A; (iii) 7.20 × 10⁻³ J, half of the energy
supplied
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LIKED THIS SAMPLE?

The full paper is the real thing.

THIS FREE SAMPLE

A short extract: the opening questions of Paper
1, then their worked answers. 3 pages in all.

THE FULL PAPER

Three questions made of several multi-part
problems answered in writing (constructed
response, no multiple choice), with a worked
solution for every part that shows whether it is
aimed at Achieved, Merit or Excellence. 12
pages, with a worked solution for every question.

What you get with each paper

A complete, timed paper in the real exam layout, not just a taste of it.

A worked solution for every question: numbered steps, why each wrong option is wrong, and a key
takeaway.

20 different papers in this set. Every one uses new questions, so each extra paper is new practice,
not a repeat.

An A4 PDF emailed straight after payment, made for printing.

Get Paper 1 now
A$11.99 one-off, instant PDF download. Tap or click here.

Or see all 20 NCEA Level 3 Physics 91526 Electricity papers:
testpapershub.com/collections/ncea-level-3-physics-91526-electricity/

Getting the most from a practice paper

1 Print it and set the timer shown on the cover. Answer every question before looking at any
solution.

2 Mark it against the worked solutions and note the topics that cost you marks.

3 Retry the questions you missed a day later, then use the next paper to check the fix held.

Not sure which paper to start with, or have a question before you buy? Email support@testpapershub.com and a real person
will reply, normally within one business day. These are original practice papers, not official past papers, and are not affiliated
with any exam authority.
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