D.C. Circuits

AS Physics = Topic 10

A-Level Physics
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1 e.m.f. and p.d.




D.C. Circuits

Lemf. and p.d.

e.m.f. and p.d.

Both in volts: the potential difference B #1 3 is the energy each unit of charge gives up
inside a component.

e.m.f. HEE ¢ p.d. V
electromotive force Ei zfj#:
energy into the cir- energy out (resistor, lamp, motor)

cuit per unit charge

Build and test on a breadboard [ £14i; measure with a multimeter 77 3.
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Lemf. and p.d.

Internal resistance

A real source — its electrolyte 2 %5 has resistance — carries an internal

resistance H[H r:
Vterminal =e—1

The load gets Pe = (¢ — In)l; the cell wastes P, = Pr; the cell supplies ¢/ in total. A short
circuit 5% (R — 0) gives | = £/r — the largest current the cell can ever deliver.

=15V, r=050Q, R=25Q2

I:E—O5OA V=125V

$9
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Lemf. and p.d.

Internal resistance, in detail

; _AV _ _
£ gradient =xT="T

V=&—Ir - intercept & gradient = —r
0 > /A

Plot V against / and you get a straight line: the intercept is the e.m.f. € and the
gradient is —r. That is how r is measured.
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Lemf. and p.d.

The cell drawn with its own resistance

variable resistor

A real cell is an e.m.f. € in series with r, so the
terminal p.d. is V=¢ —Ir.

The terminal p.d. falls as more current is
drawn, and the lost volts 526 [+ Ir heat the
cell itself.
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Lemf. and p.d.

Circuit symbols

fixed resistor

-®-

lamp

Cn

ammeter

IR

battery

variable
resistor

4D|7

diode

~@-

voltmeter

o
switch (open)

e

potentiometer

&
14—
light-emitting
diode (LED)

Cn

galvanometer

—=— l
fuse earth
Iz y
thermistor Ilght-dgpendent
resistor
4| |7 ——
capacitor inductor
motor junction of
conductors

Ideal ammeter B jjii 3=
zero R, in series.

Ideal voltmeter £ |+ 3%:
infinite R, in parallel.

Also on the sheet: the fuse {R[ 42,
the capacitor B 522, the variable

resistor or rheostat Z5[[H 2%, and the
light-dependent resistor 35 F [H.
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D.C. Circuits

L Kirchhoff's laws

Kirchhoff's two laws

m First law (junction): current in
T3A = current out (charge

Y
2A conserved F755FE)
I>—>—< g ’
m Second law (loop): around any
closed loop & & B,
Ye=> V-thisis

> ® conservation of
1A energy £ £ FiE
at each junction: 3A =2A+ 1A
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L Kirchhoff's laws

Resistors in series

Same current H#ji; p.d.s add:
Rseries = Rl + R2 + ...

Always larger than any single resistor Fi[H 2.

i Ry R,

equivalent I

to
—Vi— —Vo— —~V—



D.C. Circuits

L Kirchhoff's laws

Resistors in parallel

Same p.d.; currents add:
LR,
— L S O
1 | | _equivalent I :R Roar  R1 Ro
t
R, ° 4.0Q and 129 in parallel
- 1 1 11 _
;_IQV_,‘ — rR=1tpn=3=FR=

3.0Q

Two resistors in parallel and their single equivalent resistor
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L Kirchhoff's laws

Solving a circuit

label every current

& directi e junction rule at each node
irection

e loop rule around each loop o V = IR for each resistor

5. solve the equations together

In a symmetric network, spot branches carrying equal currents — and remember the
branch with the most current dissipates the most power Ifj#, since P = PR.
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L Kirchhoff's laws

Worked example: one loop

2.0Q

Find / and each p.d.

loop rule: 12=2.0/+4.0/=6.0/

Check with the loop: 4.0+ 8.0 = 12V
@ - the p.d.s use up the e.m.f.

—A
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L Potential dividers

Potential dividers

output = V5

Two series resistors split the p.d. in
proportion:
Ry
Vin - 5——F%~-
Ri1 + Re

6.0V, 2.0 & 4.0k

4.0
Vh = 6. — =4.
D) 60X6.0 ov

V, =

A potential divider — the p.d. splits between R1 and R2 in proportion to their

resistances
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L Potential dividers

Sensor dividers

Swap one resistor for a sensor {£E2E:

m thermistor #LEF[H: output changes
with temperature
m LDR 3St&(E[E: output changes with
light
Feed the output to a transistor 5 {fi& base or

a comparator L4528 to switch a load when
the temperature or light intensity Y%3% passes

a threshold [5{5.
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L Potential dividers

Potentiometer — the null method

driver cell
==
upiform resistance Wire§ B
A \jockey (sliding contact)
A Ea
two-way

switch B »__|

Ep

Slide the contact until the
galvanometer #4711 reads zero:

er_h
g2 b

At balance no current flows,
so the cell's internal resis-
tance does not matter.
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L Potential dividers

Exam tips

= Apply Kirchhoff’s laws: current into a junction = current out (charge
conserved); > e.m.f. = > p.d. round a loop (energy conserved).

m Combine resistors: series R = R) + Ry; parallel 1/R=1/R; + 1/Rs.
m A potential divider splits voltage in the ratio of the resistances.

m Include internal resistance: e.m.f. = [(R+ r) — the "“lost volts” are Ir.
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D.C. Circuits
LRecap

Topic 10 — key takeaways

e Internal resistance e Kirchhoff

Vierm =€ — Ir junction: charge; loop: energy

e Resistors o Dividers

series add; parallel 1/R=>Y"1/R; Vo = VinRa/(R1 + R2)
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LRecap

Check yourself

Terminal p.d. of a cell on open circuit?

Ry
Two 6 € resistors in parallel — combined
R?
Which law comes from conservation of — R,

charge?

Why use the null method to compare
e.m.f.s?

Answers 1. equals the em.f. (/=0) 2.3Q 3. the junction (first) law 4. internal
resistance has no effect at balance
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