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At the top of the loop the resultant (centripetal) force is F = mv2/r, provided by the

weight and the reaction force from the track.

At the minimum speed the reaction force is zero, so F = mg only: mg = mv2/r, so vtop

= √(gr).
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Energy is conserved: KE at bottom = KE at top + GPE gained (h = 2r = 0.30 m)

½mvbottom2 = ½mvtop2 + mgh, and vtop2 = gr, so m cancels:

vbottom2 = gr + 2gh = 9.81 × 0.15 + 2 × 9.81 × 0.30 = 7.36 m2 s−2

vbottom = √7.36 = 2.7 m s−1, which is about 3 m s−1

Vertically: u = 0, s = 0.65 m, a = 9.81 m s−2

s = ut + ½at2, so 0.65 m = ½ × 9.81 m s−2 × t2

t = √(2 × 0.65 ÷ 9.81) = 0.364 s

Horizontally (constant velocity): s = vt = 3.0 m s−1 × 0.364 s = 1.09 m

1.1 m
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The alternating current in the primary coil produces a changing (alternating) magnetic

flux in the iron core.

The iron core links this changing magnetic flux to the secondary coil.

The changing magnetic flux (linkage) induces an emf in the secondary coil (Faraday's

law).

The secondary coil has more turns than the primary, so the rate of change of flux

linkage is greater and a larger emf is induced: Vs/Vp = Ns/Np.
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From the graph, at 270 K the resistivity of copper ρ = 2.0 × 10−8 Ω m

R = ρl/A = 2.0 × 10−8 Ω m × 1050 m ÷ 145 × 10−6 m2 = 0.145 Ω

P = VI, so I = P/V = 40 × 106 W ÷ 110 × 103 V = 364 A

Power lost in the copper cable: P = I2R = (364 A)2 × 0.145 Ω

P = 1.92 × 104 W = 19 kW

The power losses in the copper cable (19 kW) are more than the 7 kW needed for the

cooling system, so the power requirement of the cooling system is less and the

superconductor saves energy.
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A region where a charged particle experiences a force.

At X: between the −75 V and −80 V equipotentials, so ΔV = 5 V

Distance between these lines at X: Δd = 0.9 cm = 0.009 m

E = ΔV/Δd = 5 V ÷ 0.009 m = 556 V m−1

560 V m−1
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For a radial field V = Q/4πε0r, so V × r would be constant.

Taking r from the centre of the flower (height 29.7 cm), directly above it:

V = −80 V at r = 3.7 cm: Vr = −296 V cm

V = −75 V at r = 4.6 cm: Vr = −345 V cm

V = −70 V at r = 6.0 cm: Vr = −420 V cm

Vr is not constant, so the field above the flower is not radial.

The charged hairs experience a force (are attracted or repelled) in the field, so they

move.

The equipotential lines would be further apart.
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Using v2 = u2 + 2as with final velocity v = 0: u2 = −2as, so u = √(−2as), where a is

negative (a deceleration).

The deceleration a is caused by the frictional force F between the coin and the surface.

Newton's second law: F = ma, where F is the frictional force.

The friction is proportional to the mass, F = km, so km = ma and a = k: the mass

cancels, so a is constant for a given surface.

So the deceleration of the 1p coin is the same as for the 2p coin, and u = √(2ks), so

u ∝ √s with the same constant for both coins.

Therefore the suggestion is valid: u is directly proportional to √s and is independent of

the mass of the coin (the same as using work done by friction Fs = ½mu2 with F =

km, where m cancels).
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Momentum p = mv; momentum is conserved in the initial (x) direction:

7.1 g × u = 7.1 g × 0.90 m s−1 × cos 8° + 3.6 g × 1.4 m s−1 × cos 10°

7.1u = 6.33 + 4.96 = 11.29

u = 11.29 ÷ 7.1 = 1.59 m s−1, which is about 2 m s−1

Initial Ek = ½mv2 = ½ × 7.1 × 10−3 kg × (1.59 m s−1)2 = 9.0 × 10−3 J

Final Ek = ½ × 7.1 × 10−3 × 0.902 + ½ × 3.6 × 10−3 × 1.42 = 6.4 × 10−3 J

The kinetic energy after the collision is less than before, so kinetic energy is not

conserved and the collision is inelastic.
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The diode only conducts (current flows) when the potential difference across it is at

least +0.7 V; above 0.7 V the current can be any value.

When the p.d. is negative (reversed), and below 0.7 V, the diode does not conduct, so

the current is zero.

Vrms = V0/√2 = 3.4 V ÷ √2 = 2.40 V

2.4 V
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Energy is conserved (Kirchhoff's second law); p.d. is energy per unit charge.

So in this series circuit the sum of the p.d.s across the resistor and diode must equal

the e.m.f. applied, VIN.

0.7 V
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E = 106 × 106 eV × 1.60 × 10−19 J eV−1 = 1.70 × 10−11 J

m = E/c2 = 1.70 × 10−11 J ÷ (3.00 × 108 m s−1)2

m = 1.88 × 10−28 kg

Charge: −1 = −1 + 0, so charge is conserved.

Baryon number: 0 = 0 + 0 (none of the particles are baryons), so baryon number is

conserved.

Lepton number: 0 = +1 + (−1), so lepton number is conserved.

Mass difference = 140 − (106 + 0) = 34 MeV/c2; this mass is converted to kinetic

energy.

E = mc2 = 34 (MeV/c2) × c2 = 34 MeV, the total kinetic energy of the products.

1.9 × 10−28
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Conservation of mass-energy and conservation of momentum.

Time to reach sea level: t = d/v = 10 000 m ÷ (0.99 × 3.00 × 108 m s−1)

t = 3.4 × 10−5 s = 34 μs

This is about 15 times longer than the 2.2 μs lifetime (in 2.2 μs a muon travels only

653 m, much less than 10 km), so classically almost all would decay before sea level.

But the muons travel at a relativistic speed (0.99c, close to the speed of light), so

relativistic effects apply: time dilation.

Measured in the Earth's frame, time passes more slowly for the moving muon, so the

time between events (the muon lifetime) is much longer.

γ = 1/√(1 − 0.992) = 7.1, so the muon lifetime increases to 7.1 × 2.2 μs = 16 μs.

So many muons survive the journey and significant numbers are found at sea level.
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The current (moving electrons) is perpendicular to the magnetic field, so there is a

force on the electrons.

By Fleming's left hand rule (electrons move opposite to I), the force on the electrons is

upwards.

VHALL

stemup.co.uk

https://stemup.co.uk


In equilibrium the magnetic force equals the electric force: Bev = eE

E = VHALL/d, so Bev = eVHALL/d

I = nAve, so v = I/neA: B × e × I/(neA) = eVHALL/d, so BI/(neA) = VHALL/d

A = d × t, so BI/(ned t) = VHALL/d

Cancelling d: VHALL = BI/nte

Left side: V = J C−1 = N m C−1

B: from F = BIl, T = N A−1 m−1; I in A; n in m−3; t in m; e in C

Right side: BI/nte = (N A−1 m−1 × A) ÷ (m−3 × m × C)

= N m−1 ÷ (m−2 C) = N m C−1, the same as the left side.
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VHALL = BI/nte, so with the same B and I, VHALL ∝ 1/nt

nt: copper = 8.47 × 1028 × 110 × 10−6 = 9.3 × 1024 m−2; germanium = 2.5 × 1013

m−2; silicon = 1.44 × 1016 × 120 × 10−6 = 1.7 × 1012 m−2

Silicon has the smallest nt, so silicon gives the largest Hall voltage.

tan θ = BV/BH = 49.0 μT ÷ 19.0 μT = 2.58

θ = tan−1 2.58 = 68.8°

69°
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