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InkPhysics - EMF and internal resistance ANSWERS
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SECTION A - warm-up

The emf is the energy transferred to each unit of charge by the source, € = w/Q.ltis [2]
measured in volts (joules per coulomb).

V=e-Ir=6.0-050x10=55V. [2]

e = I(R + r), where R is the external resistance and r the internal resistance. [2]

SECTION B : standard

l=¢/(R+r)=12/(5.0 +1.0) = 2.0 A. [3]

(a) 1=9.0/(4.0 +050) =2.0A. (b) V=IR=2.0 % 4.0 =8.0 V. (C) Pinternal = I2r = 2.02 x 0.50[ |
2.0 W.

Lostvolts =€ -V =15-135=015V.r = (¢ - V)/I = 0.15/0.30 = 0.50 Q. [3]

| =¢fr=6.0/0.20 = 30 A. [3]

SECTION C - stretch

From V = € - Ir: the intercept is the emf, € = 1.5 V, and the gradient is -r, sor = 0.5 Q. At [ 4]
JI0OA:V=15-05%x10=10V.

Lostvolts =12-10=2.0V,sol= (e -V)/r=20/20=10A.ThenR=V/I=10/1.0 =10 Q. [4]

Some energy per unit charge is used driving the current through the battery’'s own  [3]
internal resistance, giving 'lost volts' Ir. As the current increases, Ir increases, so the
terminal pd (e - Ir) available to the external circuit falls.
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