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A = πd2/4 = π × (2.5 × 10−3 m)2 / 4 = 4.91 × 10−6 m2

stress σ = F/A = 14 N ÷ 4.91 × 10−6 m2 = 2.85 × 106 N m−2

strain = 0.20/100 = 0.0020

E = stress/strain = 2.85 × 106 ÷ 0.0020 = 1.4 × 109 Pa

extension Δx = 0.0020 × 2.0 m = 4.0 × 10−3 m

ΔEel = ½FΔx = ½ × 14 N × 4.0 × 10−3 m

ΔEel = 0.028 J

The longer the wire, the larger the extension for a given force.

So the percentage uncertainty in the measurement of the extension is smaller (more

accurate value of strain and E).

1.4 × 109 Pa

0.028 J
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1/f = 1/u + 1/v = 1/0.090 m + 1/0.750 m = 12.4 m−1

f = 1/12.4 = 8.0 × 10−2 m

Light rays actually pass through the image (the rays converge to a point where the

image is formed), so it can be formed on a screen.

8.0 × 10−2 m
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magnification m = v/u = 0.750 m ÷ 0.090 m = 8.3

m = image height/object height, so distance between the dots on the whiteboard:

image separation = 8.3 × 5.0 mm = 42 mm = 0.042 m

tan(θ/2) = (0.042/2) m ÷ 4.5 m = 4.6 × 10−3

θ/2 = 0.27°, so θ = 0.53° (small angle: θ ≈ 0.042 m ÷ 4.5 m)

θ in radians = 0.53 × π/180 = 0.0093 rad

0.0093 rad is greater than 0.0003 rad (θ is about 30 times larger), so the student

could distinguish the two dots clearly.
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When the string is plucked, waves travel along the string and are reflected at the fixed

ends, so there are two waves of the same frequency travelling in opposite directions

along the string.

These two waves superpose (interfere).

Where the waves are in phase (path difference = nλ) there is constructive interference,

and these points are antinodes, with maximum amplitude.

Where the waves are in antiphase (path difference = (n + ½)λ) there is destructive

interference, and these points are nodes, with minimum (zero) amplitude.

The nodes and antinodes stay in fixed positions, so a standing wave is formed, with

nodes at the fixed ends of the string.
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Assumption: the strings are the same length (and at the same tension), and a thicker

string of the same material has a greater mass.

So the thicker string has a greater mass per unit length μ.

The fundamental has wavelength λ = 2L, so the wavelength is the same in each string.

The speed of the wave on a string is v = √(T/μ); T is the same, so v is lower on the

thicker string.

Using v = fλ: f = v/λ = (1/λ)√(T/μ), so f ∝ 1/√μ.

Therefore the thicker string, with larger μ, has a lower fundamental frequency.

stemup.co.uk

https://stemup.co.uk


The experiment shows the liquid flows faster (spreads further in the same time) at the

higher temperature, because it has a lower viscosity.

So if lava behaves similarly, hot lava will flow a long way and cover a large area in a

given time before it cools and solidifies.
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v = s/t = 0.80 m ÷ 5.3 s = 0.151 m s−1

V = (4/3)πr3 = (4/3)π(3.5 × 10−3 m)3 = 1.80 × 10−7 m3

η = Vg(ρs − ρl) / 6πrv

η = 1.80 × 10−7 × 9.81 × (7800 − 1430) ÷ (6π × 3.5 × 10−3 × 0.151)

η = 1.1 Pa s

1.1
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With the larger sphere the (terminal) speed would be much greater, so Stokes' law would

not apply, because the flow of liquid around the sphere would be turbulent and not

laminar.

The video can be played back frame by frame, which eliminates human reaction time, so

the time is measured more accurately.
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A wavefront is a line (surface) along which all the points are in phase.

new wavefront

wavelets
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A laser is monochromatic (a single wavelength) and coherent, so the pattern has sharp,

clear maxima.
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d = 1/200 mm−1 = 0.005 mm = 5.0 × 10−6 m

tan θ = 1.02 m ÷ 3.00 m, so θ = 18.8°

nλ = d sin θ with n = 3

λ = (5.0 × 10−6 m × sin 18.8°) ÷ 3 = 5.4 × 10−7 m = 537 nm

537 nm lies in the range 495 to 570 nm, so the laser light is green.
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p = mv = 9.11 × 10−31 kg × (0.02 × 3.00 × 108 m s−1) = 5.47 × 10−24 kg m s−1

λ = h/p = 6.63 × 10−34 J s ÷ 5.47 × 10−24 kg m s−1

λ = 1.2 × 10−10 m

The wavelength of the electrons is much less than the wavelength of visible light

(about 10−10 m compared with about 5 × 10−7 m).

So there is less diffraction with the electron beam, giving a less blurred image.

1.2 × 10−10 m
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Ignore the anomalous 1.1 cm: mean = (2.4 + 2.5 + 2.2)/3 = 2.4 cm = 0.024 m

magnification = image height/object height

diameter of cell = 0.024 m ÷ 800 = 3.0 × 10−5 m

3.0 × 10−5 m
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The energy absorbed in the impact is equal to the change in GPE of the hammer

between the start and the end of the swing.

ΔE = mgΔh, and m and g are constant, so E ∝ Δh.
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mgΔh = ½mv2, so v = √(2gΔh)

v = √(2 × 9.81 m s−2 × 0.130 m) = 1.60 m s−1

p = mv = 31 kg × 1.60 m s−1 = 49.6 kg m s−1

p = 50 kg m s−1

50 kg m s−1
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The icy water of the Atlantic was at a low temperature (about 0 °C or below), and the

graph shows that the steel has a much lower fracture toughness at low temperature (at

0 °C it is less than half its value at 30 °C).

So at the low temperature the steel could absorb less energy before fracture.

The energy absorbed by the hull in the impact with the iceberg was sufficient to cause

fracture.
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I = P/A, area perpendicular to the radiation = 2.4 m2 × sin 50° = 1.84 m2

power incident = 1100 W m−2 × 1.84 m2 = 2020 W

electrical power = 0.20 × 2020 W = 404 W = 400 W

400 W
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Rtotal = 1000 Ω + 750 Ω = 1750 Ω, so I = V/Rtotal = 24 V ÷ 1750 Ω = 0.0137 A

output p.d. across 1.0 kΩ: V = IR = 0.0137 A × 1000 Ω = 13.7 V

13.7 V is greater than 13 V, so the motor switches on.
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Similarities: in both, an electron absorbs a single photon and gains energy from it, which

is evidence for the particle (photon) model of light.

In both, the photon needs a minimum amount of energy, so the light must be above a

certain (threshold) frequency.

In both, increasing the light intensity increases the number of electrons released (freed)

per second.

Differences: in the photoelectric effect the electrons are released (emitted) from the

surface of the material, but in the LDR the electrons remain within the LDR as

conduction electrons.

The photoelectric effect occurs in metals, whereas the LDR is a semiconductor.
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