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Physics – Grade 12 

1. A potentiometer is a three-terminal resistor with a sliding or rotating contact that forms an adjustable voltage 

divider (or potential divider). If only two terminals are used, one end and the adjustable contact, it acts as a 

variable resistor. The equivalent circuit of a potentiometer is shown below, with x  [0, 1] describing the sliding 

or rotating contact’s position as a fraction of the full reading. 

 

a) Express the reading Vout of the voltmeter as a function of the operating voltage E. (1p) 

Distance is measured with a system described in the figure below. The apparatus has two sights, one of which is 

connected to an arc-like wire resistor (a potentiometer). The radius of the glide of the potentiometer is r = 3.0 

cm, and the wire has 500 turns/cm (we can assume that the potentiometer behaves ideally, and the resistance 

on the wire is uniform). The potentiometer is set up in a way that a distance of 0 m corresponds to 0 Ω and 

infinite distance corresponds to 10 kΩ. The operating voltage is E = 10 V. The length of the system is L = 2.0 m. 
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b) Derive and sketch the calibration curve (distance as a function of voltmeter reading Vout). (1p) 

c) What are the accuracy, sensitivity and resolution of the setup? (3p) 

accuracy = measured value – true value 

resolution = the largest change in the input (distance) that doesn’t affect the output (Vout) 

sensitivity = f’(x), where the calibration curve in (a) is y = f(x) (y = distance, x = Vout) – i.e., how much the 

output changes relative to the input when the input changes just a little. 

d) What distances can be measured with an accuracy better than 10 m? (1p) 

 

  

2. An operational amplifier is among the most widely used 

electronic devices today, being used in a vast array of 

consumer, industrial, and scientific devices. It is a DC-coupled 

high-gain electronic voltage amplifier with a differential 

input and, usually, a single-ended output. It is an active 

component and requires power supply. The simplest way of 

drawing the electronic symbol, omitting the power supply 

pins, is shown in the figure on the right. The non-inverting 

input is marked with ‘+’ and the inverting input with ‘–‘ . Vout 

is the output voltage. The main function of the amplifier is 

that it multiplies the potential difference between the two 

inputs with a very large number and gives that as output: Vout = A (V+ – V–), where A is typically of the order of 

105. An ideal operational amplifier is usually considered to have the following main characteristics: 

- A is infinite 

- no current goes to the inputs + and – (in reality there is an equivalent resistor between the two inputs, 

called “input impedance”) 

- unlimited Vout (in reality limited by the supply power) 

- the output provides or draws as much current as necessary (in reality limited by supply power) 

The ideal properties can be summarized as the “golden rule” of operational amplifiers:  

- “If the ideal operational amplifier is part of a closed loop with negative feedback (meaning that there is 

a signal path of some sort feeding back from the output to the inverting input), the output attempts to 

do whatever is necessary to make the voltage difference between the inputs zero, remembering that the 

inputs draw no current.” 
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a) What is the reading of the voltmeter? Why is this 

called a “follower”? (1p) 

 

 

 

 

 

 

 

b) What is the reading of the voltmeter? Why is this called 

a “non-inverting amplifier”? (2p) 

 

 

 

 

 

 

 

 

c) Express the voltmeter reading Vout as a function of V2 and V1. Why is this called a simple differential 

amplifier? (3p) 
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3. You have been assigned the task of measuring the speed of light. You have a laser, a power drill (up to 30000 

rpm speed, with a speed display), mirrors, pieces of (transparent) glass, benches, stands, a selection of tools and 

appliances with which you can fasten things with relative ease to one another (or on the drill, wall, bench, stand, 

etc.), and means to measure distances from fractions of millimeters to meters (micrometer scew, ruler, 

measuring tape), but no means to measure time (other than a regular wristwatch). You are in a large hall with 

30 m wall-to-wall-distance. 

Design the experiment and prove (also by calculating) that it is feasible. (6p) 

 

 

 

 

4. You are constructing a measurement apparatus (essentially an antimatter bazooka) with which you want to 

implant mono-energetic positrons into sample pieces of some materials (you would be doing so-called positron 

annihilation spectroscopy with this machine). In order to do this, you have at hand a 22Na source (+ active), a W 

moderator foil, and all sorts of electromagnetic and vacuum appliances. These allow you to produce different 

kinds of electric and magnetic fields and to create a suitable environment (low-pressure, of the order of 10–5 Pa) 

for the positrons to travel sufficiently far without colliding with electrons. You use them to construct a “velocity 

selector”, an accelerator, and a beam guidance system. The figure below gives a schematic view of the setup. 

For the following question, you can assume that the positron source is point-like and emits positrons isotropically 

in all directions. 
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a) Design the velocity selector (define the dimensions and the magnetic field) with an aperture of 1 cm in 

diameter. Assume you can create a homogeneous magnetic field. The moderator-covered source produces 

positrons with a continuous energy distribution from 10 eV up to 540 keV (with enhanced intensity at 10 eV), 

and you want your velocity selector to let through only the lowest-energy positrons: those with kinetic energy 

of 10 eV. (2p) 

 

b) After the velocity selector, the positrons are accelerated with a 23 kV potential between the first and last plate 

of the accelerator structure, hence ending up with kinetic energy of 23 keV. The length of the accelerator 

structure is 20 cm. How long does it take for the positrons to fly through the accelerator? (2p) 

c) After the velocity selector, the beam of positrons is guided with a homogeneous longitudinal magnetic field 

(created by, for example, a large solenoid structure or coils in Helmholtz configuration) of 2 mT. How large (inner 

diameter) does the vacuum tube in which the positrons are moving need to be, in order for the positrons not to 

hit the walls? (2p) 

 

 

Useful values and formulas: 

Water specific heat capacity: 4.184 kJ / (kg · K) 

Copper specific heat capacity: 385 J / (kg · K) 

Electron mass: 9.11  10–31 kg 

Elementary charge: 1.602  10–19 C 

Speed of light in vacuum: 2.998 x 108 m/s 

D arctan x = (1 + x2)–1 

D tan x = (cos2 x)–1 


