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InkPhysics - The time constant and exponential decay ANSWERS

mems SECTION A - Warm-up

Al T = RC (1); the time for the charge (or pd, or current) to fall to 1/e (about 37%) [2]
of its initial value (1).

A2 T = RC =10000 x 100 x 1078 (1) [2]
t=10s(1)

A3 Q = Qe /*¢, where Qq is the initial charge (1). [1]

A4 63% (the fraction1-1/e) (1). [1]

A5 T=RC =22 %108 x 47 x 107® (1) [2]
t=103s (1)

mees SECTION B - Standard

Bl T = RC = 2200 x 470 x 107 (1) [3]
t=103s (1)
After one time constant, Q/Q, = 1/e = 0.37 (37%) (1).

B2 T =RC = 47000 x 100 x 1078 = 4.7 s (1) [3]
V= Voe—t/RC =12 x e—5.0/4.7 (])
VEWAV.AVE()!

B3 T, = 0.69RC = 0.69 x 4.7 (1) [2]
T, =324s(1)

B4 R =t/C =20/(220 x 10°) (1) [2]

R =90910Q (9.1kQ) (1)

B5 V = Veet't, so t/t = In(Vo/V) (1) [3]
In(6.0/2.2) =1.00 (1)
t=15/1.00=15.0s~15s (1)

B6 T, = 0.69RC (1) [3]
Cc =T,/(0.69R) = 4.6/(0.69 x 33000) (1)
C =20 x10"4F (202 pF) (1)
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InkPhysics - The time constant and exponential decay ANSWERS

mess SECTION C - Stretch

Cl

C2

Cc3

c4

C5

C6

C7

5.0 = 20e/30 50 e30 = 0.25 (1) [3]
t =-3.0 xIn(0.25) (1)

t=416s (1)

T =RC =10000 x 470 x 1076 = 4.7 s (1) [3]
V =Vo(l1-e’) =9.0 x (1-e71/47) (1)

v =793V (1)

Taking logs of V = Vye™R¢ gives In V = In V, - t/RC (1); this is a straight line with [3]

gradient -1/RC (1); so the time constant RC is the negative reciprocal of the gradient (1).

The gradient is -1/RC, so RC =1/0.185 = 5.4 s (1) [4]
C = RC/R = 5.4/10000 = 5.41 x 1074 F = 541 pF (1)

The tolerance allows 376 pF to 564 pF (1)

541 WF lies inside this range, so the capacitor is within its stated tolerance (1).

E = %Q?/C, so E is proportional to Q? (1) [3]
After one time constant Q has fallen to Qo/e, so E falls to Eo/e? (1)
1/e? = 0.135, which is about 14% (1)

Q/Qo = 0.010 = e/* (1) [3]
t = -4.0 x In(0.010) = 4.0 x In(100) (1)
t =18.4 s (about 4.6 time constants) (1)

Charge the capacitor from a supply, then discharge it through the known [6]
resistor with a voltmeter or datalogger connected across the capacitor (or resistor) (1).
Record the pd at regular time intervals, using a stopwatch (or the datalogger's clock)
started as the discharge begins (1). Plot In V against t (1); a straight line confirms that
the decay is exponential (1). The gradient of the line equals -1/RC (1); so C = -1/(R x
gradient), using the known resistance (1).
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