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Power laws and log-log graphs

35-40 minutes independent work + 15-20 minutes review | 40 marks
AQA A Level 7408 and OCR A A Level H556 | Mathematical skills
Skills and specification links

Use logarithms to find a power-law exponent and constant; interpret reference quantities and distinguish power
laws from exponential change.

AQA maths MS 0.5, 2.2, 2.5, 3.1-3.4, 3.10-3.11; wire application: 3.5.1.3.
OCR A maths M0.5, M2.2, M2.5, M3.1-M3.4, M3.10-M3.11; wire application: 4.2.4(a)(i), (b).

A manufacturer tests fine-wire probes, an optical detector and a contact sensor. Use transformed graphs to test its
models. Other than the wire equations, the physical models you need are supplied. Use a calculator and ruler. Show
working; retain extra figures until the final answer.

1 Connect a power law to a straight line [4 marks]
For positive ratios X = x/xref and Y = y/yret, @ power law Y = KX" becomes log1o Y = n logio X + log1o K.
Compare with y = mx + c: gradient = n; intercept ¢ = log1o K.

Using In on both axes gives the same exponent, but the intercept is In K. Recover K with the matching
inverse: K = 10° for base 10, or K = e° for In. Logarithms act on positive, dimensionless ratios.

(a) A calibration graph uses log1o on both axes and has intercept ¢ = 0.40. Calculate K. [1 mark]

(b) A different calibration uses In on both axes and has intercept ¢ = 0.40. Calculate K. [1 mark]

(c) A detector has a straight log—log graph of response Y against separation X with gradient —1.5. State the
power relationship and explain whether Y plotted directly against X would be a straight line. [2 marks]
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2 Transform the fine-wire measurements [7 marks]

The probes use uniform circular wires of the same alloy, all of length 0.50 m and held at the same temperature. Let X =
d/dref and Y = R/Rrefr, where dref = 0.40 mm and Rref = 1.00 Q. Diameter d and resistance R are measured below.

d/ mm 0.20 0.25 0.32 0.40 0.50 0.63
R/Q 8.10 5.00 3.15 1.98 1.30 0.810
logto X -0.301 -0.097 0.000 0.197

logio Y 0.699 0.297 0.114
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Figure 1 Plot log1o Y against logio X on these linear scales.
(a) For the 0.25 mm wire, calculate X and Y. [1 mark]

(b) Complete the five blank log cells in the table to 3 decimal places. [2 marks]
(c) Plot all six points on Figure 1 and draw a straight line of best fit. [2 marks]
(d) For d = 0.20 mm, log1o X is negative. Explain why the diameter is still positive. [1 mark]

(e) State the diameter represented by logio X = 0. [1 mark]
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3 Recover the exponent and the physical constant [10 marks]

Use your line in Figure 1. The proposed model is Y = KX". For parts (b)—(e), use n = —2.00; retain your own intercept
from the graph.

The dimensionless constant K depends on the chosen reference quantities. It is not automatically the S
constantk in R =k d™2. In part (c), d must be expressed in metres.

(a) Draw a large gradient triangle on your line and use it to estimate n. [2 marks]

(b) Read the vertical intercept ¢ and use it to find K. [2 marks]

(c) Starting with R/Rref = K(d/drer) 2, find k in R = k d™2. Give its Sl unit. [2 marks]

(d) Use R = pL/A. and circular area A. = 1d?%/4 to explain why an exponent of -2 is expected. State what must
remain constant. [2 marks]

(e) A new 0.48 mm wire must have resistance no greater than 1.50 Q. Predict its resistance from your model and
decide whether it meets this requirement. [2 marks]

Continue your physics journey

Videos, practice and support for your next step
www.physicsuk.co.uk




PhysicsUK worksheet

4 Test an inverse-square detector claim [7 marks]

An optical detector monitors a small source. Let X =r/(1.00 m) and Y = S/Srer, with reference response Sref = 1.00
arbitrary unit. S is the background-corrected response. Its log1o Y-against-log1o X fit gives n = =1.96 £ 0.08 and
intercept ¢ = 1.30. Measurements cover r = 0.50-2.00 m.

(a) Use the exponent’s uncertainty range to assess S « r?and S « r'. [2 marks]

(b) Use the fitted n and c to predict S atr = 1.20 m. [2 marks]

(c) The raw response is Sraw = S + B, where B is a positive constant background. Explain why B should be
subtracted before taking logarithms, particularly at large r. [2 marks]

(d) Suggest another condition to control while changing r. Explain why it matters. [1 mark]
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5 Choose between a power law and an exponential [7 marks]

The manufacturer obtains two sets of readings. For set P, X is a source—detector separation ratio. For set E, X = {/(1.00
mm), where { is the thickness of an optical attenuator. Each Y is a positive response divided by its own reference
response. Consider Y = KXnand Y = A e™®X,

X 1.00 2.00 3.00 4.00
Y:setP 96.0 24.0 10.7 6.00
Y:setE 96.0 48.0 24.0 12.0
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Schematic plots — no numerical scale

Figure 2 Two possible transformations; compare their horizontal axes.

(a) Use numerical ratios to identify which set is consistent with an inverse-square power law and which with
exponential decrease. [2 marks]

(b) Match each set to the straight-line transformation in Figure 2. Justify each choice using the form of its
equation. [2 marks]

(c) From set E, find the gradient of In Y against X and hence b. Then findainY = A e, in m™'. [2 marks]

(d) Explain why a negative gradient alone cannot identify exponential decay. [1 mark]
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6 Transfer the method to a contact sensor [5 marks]

A contact sensor is calibrated with positive forces from 2.0 N to 16 N. Its tip deflects by 6. Define X = F/(1.00 N) and Y
= 8/(1.00 mm). A log—log fit gives logio Y = 0.67 log1o X = 0.20. This supplied model is valid over the measured range.

(a) Write an equation for 8 in terms of F, including the reference quantities. [2 marks]

(b) Predict & at F = 8.0 N. Decide whether it meets a maximum allowed deflection of 3.0 mm. [2 marks]

(c) Explain why a prediction for F = 64 N should not be treated as validated by this calibration. [1 mark]

Final check ldentify the axes, find the exponent, recover the constant with the correct inverse log, then restore reference quantities
and units.
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