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The component is a diode.

It conducts (allows current) in one direction only: for positive (forward) p.d.s there is a

current.

The diode only conducts when the forward p.d. is beyond the threshold voltage of about

0.6 V, then the current rises steeply.

For negative p.d.s (reverse direction) the resistance is very high so the current is

almost zero, until at a large reverse voltage (breakdown) it conducts in the reverse

direction.
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0.325 s2

1.40 m
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gradient = (0.385 − 0.060) s2 ÷ (1.80 − 0.40) m = 0.325 ÷ 1.40 = 0.232 s2 m−1

s = ½gt2 so t2 = (2/g)h, gradient = 2/g

g = 2 ÷ 0.232 = 8.6 m s−2

% uncertainty in g = 2 × 3% + 1% = 7%

% difference = (9.81 − 8.6) ÷ 9.81 × 100 = 12%

(range of g = 8.6 ± 0.6, i.e. 8.0 to 9.2 m s−2)

The 12% difference is greater than the 7% uncertainty (9.81 m s−2 is outside the

range 8.0 to 9.2 m s−2), so the value is not consistent with the accepted value and the

student's conclusion is wrong.
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Total resistance of the parallel combination: 1/R = 1/9.7 kΩ + 1/45 kΩ

R = 7.98 kΩ = 8.0 kΩ

This is significantly less than 9.7 kΩ: the current through the voltmeter is 9.7/45 =

22% of the thermistor current, which is significant, so the analogue voltmeter is

unsuitable.

In the original circuit current flows through the voltmeter, so the ammeter reads more

than the thermistor current.

In the new arrangement the ammeter would read only the current passing through the

thermistor (current through ammeter = current through thermistor).
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As the temperature increases the number of (free) charge carriers (electrons) in the

thermistor increases, so its resistance decreases.

The thermistor resistance as a proportion of the total resistance decreases (the current

increases so the p.d. across the fixed resistor increases).

So the p.d. across the thermistor decreases.
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efficiency = useful power output ÷ total power input

useful output power = 0.76 × 160 W = 121.6 W

Each second: Egrav = mgh = 3.5 × 9.81 × 0.45 = 15.5 J

Ek = ½mv2 = ½ × 3.5 × v2

output power = Egrav/1 s + Ek/1 s

121.6 = 15.5 + 1.75v2

v2 = 106.1 ÷ 1.75 = 60.6

v = 7.8 m s−1 (about 8 m s−1)
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uh = 7.8 sin 25° = 3.30 m s−1 uv = 7.8 cos 25° = 7.07 m s−1

Lands at the same level: s = ut + ½at2

0 = 7.07t − ½ × 9.81 × t2

t = 2 × 7.07 ÷ 9.81 = 1.44 s

horizontal distance s = uht = 3.30 × 1.44 = 4.75 m

There is friction between the water and the pipes (and nozzle) of the fountain.

This will reduce the (initial) velocity of the water leaving the nozzle, so the distance

travelled is less.

4.8 m
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740cos20 is the component of the weight of the hiker perpendicular to the ground and

Wcos20 is the perpendicular component of the weight of the bag.

2R is the push (normal reaction force) of the ground on the hiker's two feet, and as

the hiker is stationary the resultant force is zero (ΣF = 0), so the components sum to

zero.
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Taking moments about O (R at the back foot has no moment):

Moment of the weight of the hiker = 740 × 0.25 × cos 20 = 173.8 N m (clockwise)

Moment of the weight of the bag = W × 0.10 × cos 20 = 0.0940W N m

Moment of R at the front foot = R × 0.40 = 0.40R N m

Principle of moments: 173.8 = 0.40R + 0.0940W

so R = 434.6 − 0.235W

From (a): 2R = 740cos20 + Wcos20, so R = 347.7 + 0.470W

434.6 − 0.235W = 347.7 + 0.470W

0.705W = 86.9

W = 123 N

123 N
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The centre of gravity of the bag moves lower and to the left (backwards), so the

perpendicular distance of the bag's weight from O is greater.

The moment of the bag about O increases, so the moment of R (and the size of R)

on the front foot decreases to preserve equilibrium.
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On impact, sphere A applies a force to sphere B.

According to Newton's third law, sphere B applies an equal and opposite force to sphere

A.

This force on A acts in the opposite direction to A's motion, so it opposes the motion

of sphere A.

By Newton's second law (F = ma) the resultant force on A causes A to decelerate, so

A stops.

The resultant force on sphere B (in the direction A was moving) accelerates B, so B

moves off and swings upwards.

The forces act for the same time and are equal in size, so the impulse on each sphere

is the same and the change in momentum (and speed, as the masses are equal) is the

same for each sphere: A loses the speed that B gains.
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On the photograph: height of frame = 4.8 cm, initial decrease in height of A = 2.9 cm

actual decrease in height = 2.9 × 11 ÷ 4.8 = 6.6 cm = 0.066 m

Ek gained = Egrav lost: ½mv2 = mgh

v = √(2gh) = √(2 × 9.81 × 0.066) = 1.14 m s−1

p = mv = 0.022 × 1.14 = 0.025 kg m s−1

0.025 kg m s−1
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The graph of ρL against 1/d is a straight line through the origin, so ρL is (directly)

proportional to 1/d, as predicted by ρL = ρsx × (1/d) since ρsx is constant.

gradient from line of best fit = 1530 kg m−3 ÷ 30 m−1 = 51 kg m−2

gradient = ρsx, x = 9.0 cm = 0.090 m

ρs = 51 ÷ 0.090 = 570 kg m−3 (567 kg m−3)

This matches the density of chestnut (570 kg m−3), so the block was made of

chestnut.

stemup.co.uk

https://stemup.co.uk


When the p.d. is applied, the moving (free) electrons collide with the lattice ions of the

wire.

They transfer energy to the ions, so the ions vibrate with larger amplitude (speed) and

the temperature of the wire increases.

Electrons moving through the tube collide with the mercury atoms and excite electrons

in the mercury atoms to higher energy levels.

Energy is released in the form of (ultraviolet) photons as the electrons move back down

(de-excite) to the ground state; these photons excite the phosphor atoms which

de-excite and release photons of visible light.
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A = πd2/4 = π × (3.8 × 10−5)2 ÷ 4 = 1.134 × 10−9 m2

R = ρl/A = 5.6 × 10−8 × 1.6 ÷ 1.134 × 10−9 = 79.0 Ω

Rmax = 14 × 79.0 = 1106 Ω

P = V2/R = 2402 ÷ 1106 = 52.1 W

The p.d. is constant (240 V). When the bulb is switched on the filament is cold, so its

resistance is lowest and the current is the greatest.

As P = V2/R (or P = I2R, where the change in current has more effect as it is

squared), the power transferred is greatest when R is lowest.

So the heating effect is greatest (especially at the thin point) when the bulb is

switched on, so the filament is more likely to break when it is switched on.

52 W

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk

