
PREAMBLE: 
Dr Hal’s Physics Trumps was conceived by Dr Hal Sosabowski 
and researched by Dr Steve Kilgallon, Educationalist at a 
well-known UK University and moderated by Dr Stuart Ansell, 
Research Physicist at the Rutherford Appleton Laboratory.  

There are two objectives in getting children to play with any 
of the Dr Hal’s Science Trumps range. For the pupils/players, 
the objective is probably to win the game, but clearly there is 
meant to be a learning outcome, sometimes referred to as 
camouflaged learning. The games are designed to engage the 
players through gameplay but also to generate discourse and 
occasionally mild-mannered arguments about why certain 
Trump Factors are the values they are. This can form the basis 
for an excellent post-game classroom discussion. The Physics 
Facts at the foot of the cards are designed to introduce some 
takeaway learning from the games. 

EXPLANATIONS / ASSUMPTIONS
The Trump Factors include Power Output, Mass, Cost, Date 
Created and Expected Lifetime. 

With regard to Power Output, the great range in magnitude of 
numbers when combined with the target audience means that 
we have normally used the Short Scale; that is million/billion/
trillion/quadrillion/quintillion/sextillion. A key is provided on the 
instruction card so where necessary, players can find out which 
of these expressions is greater. They will probably know the 
names of the numbers up to a trillion. On a single card 
(Black Hole M87) we have used Standard Form with an 
explanation that it means a number followed by a certain 
number of zeroes. This was simply because there was no other 
way of fitting the number into the available space. The novel 
nature of some of these numbers will encourage interest and 
debate. Within the game we have not used prefixes mega-, 
giga etc as a primary notation for the sake of consistency. 
We have included SI prefixes in brackets after the relevant 
numbers within these notes.

Some of the devices mentioned are in a state of continual 
development, and hence some of the values quoted are liable 
to change. 

Due to the recent large variations in the exchange rates some 
of the costs may have changed dramatically. We have taken an 
average exchange rate for working out the costs of:-

£1=$1.50
£1=€1.25

Below we have listed some websites referred to during our 
research and included any other assumptions / estimation 
we have made.

Dr Hal’s Physics Trumps – Teachers’ Notes  

SPECIFIC CARD NOTES:

THE SUN 
It’s interesting to note that our sun is a third generation star, 
made up from the remains of second generation stars which 
are made from the remains of first generation stars. This can 
help to give some understanding to the age of the Universe

http://solarsystem.nasa.gov/planets/profile.cfm?Object=Sun&
Display=Facts&System=Metric
http://image.gsfc.nasa.gov/poetry/ask/askmag.html
http://science.nasa.gov/headlines/y2001/ast13nov_1.htm

WIND TURBINE (ENERCON E126)
The wind turbine quoted is one of the largest available 
today, most commercial turbines generate 1-2 million watts 
(1-2 MW) and are significantly cheaper.

http://www.enercon.de/en/_home.htm
http://www.windustry.org/

WAVE ENERGY CONVERTER
The Pelamis device consists of a series of semi submerged 
cylindrical sections linked by hinged joints. The wave induced 
relative motion of these sections is resisted by hydraulic rams 
which pump high pressure oil through hydraulic motors. 
The hydraulic motors drive electrical generators to produce 
electricity. 

http://www.pelamiswave.com/index.php
http://www.foe.co.uk/resource/factsheets/renewable_energy.pdf

MARS ROVER
Robotic exploration is seen a safe and relatively cheap way of 
exploring the Solar System, and can be seen as preparing the 
way for manned missions.

http://nssdc.gsfc.nasa.gov/nmc/spacecraftDisplay.
do?id=2003-027A
http://marsrover.nasa.gov/mission/spacecraft_rover_energy.html

BATTERY ENERGY STORAGE SYSTEM (BESS) ALASKA.
The BESS will automatically pick up 26 million watts (26 MW) 
of load for 15 minutes (or 40 million watts (40 MW) for 7 
minutes) in the event of power plant or transmission line 
equipment failure. Fifteen minutes is long enough to start 
up and bring local generation online.

http://library.abb.com/global/scot/scot232.nsf/
veritydisplay/faf8b33a47f7ef21c1256d94002a24a7/$File/
PRS%20BESS%20GVEA_rev1.pdf

http://www.telegraph.co.uk/scienceandtechnology/3312118/
Worlds-biggest-battery-switched-on-in-Alaska.html



SPACE SHUTTLE 
The maximum equivalent horsepower developed by the three 
main engines is more than 37 million horsepower. i.e. 37 
million x 745.7 W = 2.8 x 1010 W  or 28 billion watts (28 GW).

The two Solid Rocket Boosters generate a combined thrust of 
5.3 million pounds, equivalent to 44 million horsepower i.e 44 
million x 745.7 W = 3.3 x1010 W  or 33 billion watts (33 GW).

The on board fuel cells generate about 21,000 watts (21 kW). 
The three fuel cells operate as independent electrical power 
sources.

http://spaceplace.nasa.gov/en/kids/st5/st5_tortillas1.shtml 
http://www.nasa.gov/returntoflight/system/system_STS.html

ims.ivv.nasa.gov/centers/marshall/pdf/113069main_shuttle_
trivia.pdf

BLU-RAY LASER 
A blue-violet laser (405 nm) has a shorter wavelength than  
a red laser (650 nm). Blu-ray Discs can hold 25 GB / 50 GB 
(single /double layer). Recent development by Pioneer has 
pushed the storage capacity to 500 GB on a single disc by  
using 20 layers.

http://www.sony.net/Products/SC-HP/laserdiodewld/tec/
index03.html

http://www.blu-ray.com/info/

EUROFIGHTER TYPHOON 
http://www.eurofighter.com/et_ap_pd_ma.asp 
http://www.aerospaceweb.org/question/propulsion/q0195.shtml

Explains some of the problems with calculating power of 
planes. We have used a simplified case two engines rated at  
90,000 N (90 kN) and a speed of Mach 1.1  (1.1 x 340 m/s)

TRIDENT NUCLEAR MISSILE 
It may be useful to compare this uncontrolled chain reaction 
here, with the controlled reaction taking place in a nuclear 
power station. Based on the idea of absorbing some of the 
neutrons.

http://news.bbc.co.uk/1/hi/uk/4438392.stm

AIRBUS A380 
The Airbus all new design Superjumbo, the A380, is the world’s 
first twin-deck, twin-aisle airliner. Advantages of the A380 
include lower fuel burn per seat and lower operating costs per 
seat. Also the A380 significantly quieter than today’s largest 
airliner.

http://www.airbus.com/en/aircraftfamilies/a380/ 
http://www.ecos2003.dtu.dk/keynotes/ECOS2003-
BrulinAssocPresentation.pdf

LHC CERN 
Note:- 120 million watts (120 MW). This is the energy 
consumption of the device

http://lhc-machine-outreach.web.cern.ch/lhc-
machineoutreach/faq/lhc-energy-consumption.htm 
http://particle-physics.suite101.com/article.cfm/can_the_
cern_lhc_destroy_earth

The above link gives a calculation of the power output due  
to particle collisions (about 1000 watts (1 kW))

NUCLEAR POWER STATION (SIZEWELL B) 
On October, 1957, the Windscale atomic factory in Cumbria 
was the site of a nuclear reactor accident. A fire in the reactor 
led to the release of nuclear radiation into the environment, 
and large scale panic, and had a large effect on changing 
people’s attitude to nuclear power. The site changed its name 
to Sellafield in 1981 as part of a re-branding exercise

http://www.british-energy.com/pagetemplate.php?pid=96 
http://www.telegraph.co.uk/earth/energy/
nuclearpower/3460214/The-nuclear-reaction---A-tour-of-
Britains-nuclear-power-stations.html

BLACK HOLE  M87 
The power in the Hawking radiation from a solar mass (       )  
black hole turns out to be about 1 × 10-28 watts, and is 
proportional to 1/(mass)2

For a black hole of one solar mass (      = 2 × 1030 kg), we get an 
evaporation time of 2.098 × 1067 years, and is proportional to 
(mass)3

http://blackholes.stardate.org/directory/factsheet.php?id=7 
http://en.wikipedia.org/wiki/Hawking_radiation

CRAB NEBULA PULSAR 
The crab nebular it was created in the explosion that was seen 
on July 4th 1054 AD. However, it happened 6500 light years 
away so it was actually created about 5446 BC. 

http://www.nasa.gov/centers/marshall/multimedia/
photos/2004/photos04-115.html

JET FUSION MACHINE 
The world’s largest nuclear fusion research facility is located at 
Culham in the UK. Despite the progress continuously achieved 
on JET and other fusion experiments, it is clear that a larger 
and more powerful device would be necessary to demonstrate 
the feasibility of nuclear fusion energy on a reactor scale. This 
is the purpose of the research and development project ITER 
(Latin for “the way”).

http://www.world-nuclear.org/info/inf66.html 
http://www.jet.efda.org/ 
http://www.iter.org/

Z MACHINE 
Sandia’s Z machine has produced plasmas that exceed 
temperatures of 2 billion kelvin — hotter than the interiors of 
stars. The unexpectedly hot output, if its cause were understood 
and harnessed, could eventually mean that smaller, less costly 
nuclear fusion plants would produce the same amount of 
energy as larger plants.

http://zpinch.sandia.gov/

SOLAR POWER PLANT 
Concentrating solar power plants have few environmental 
impacts other than land use. They produce no environmental 
contaminants or greenhouse gases.

http://news.bbc.co.uk/1/hi/sci/tech/6616651.stm 
http://www.ens-newswire.com/ens/mar2007/2007-03-30-02.asp

RADIO TELESCOPE  
(ARECIBO OBSERVATORY, PUERTO RICO) 
The telescope is visually distinctive and has been used in the 
filming of notable motion picture and television productions: as the 
villain’s antenna in the James Bond movie GoldenEye, as itself in 
the film Contact and in The X-Files episode “Little Green Men”.

http://www.arecibo-observatory.org/



HUBBLE SPACE TELESCOPE 
Hubble gives us clear views of the Universe, ranging from 
our own solar system to extremely remote fledgling galaxies 
forming not long after the Big Bang 13.7 billion years ago.

http://hubble.nasa.gov/ 
http://space.about.com/od/telescopesandoptics/p/hubbleinfo.htm

OIL TANKER (JAHRE VIKING) 
The tanker cannot pass through the 32 mile wide English Channel 
because it cannot manoeuvre well enough to avoid traffic.

http://shipedition.googlepages.com/knocknevis 
http://www.absoluteastronomy.com/topics/Knock_Nevis 
http://www.lankanewspapers.com/news/2007/1/11554_space.html

TUNGUSKA METEOR IMPACT 
There are several estimates of the size of the meteor, and 
magnitude of the explosion:-

http://www.psi.edu/projects/siberia/siberia.html 
http://apod.nasa.gov/apod/ap071114.html 
http://en.wikipedia.org/wiki/Tunguska_event 
http://large.stanford.edu/courses/ph210/ramm1/

Depending on which data set you choose, the set of values 
below can be used for calculation:

V = 15 km/s or 1.5 x 104 m/s. 
Mass = 4.2 x 107 kg 
Energy = 4.8 x 1015 joules. 
Time of explosion = 1x10-6 s  (estimate) 
Power based on this calculation is 4.8 x 1021 W  
or 4.8 sextillion watts (48 ZW)

THREE GORGES DAM 
Critics of the Three Gorges Dam - the world’s largest hydro-
electricity project - have long argued that the scheme would 
lead to environmental problems in the area around the 
reservoir.

http://www.chinaembassy.org.in/eng/ssygd/sxgc/t60759.htm 
http://www.imperialtours.net/3gorges_dam.htm

TEXAS PETAWATT LASER 
This is a good illustration of the definition of power. Although 
the power is very high, the duration of the laser is extremely 
small. Compare this with the output of a power station which 
has a lower power, but can operate continually for months.

http://www.ph.utexas.edu/~utlasers/index.php 
http://www.utexas.edu/research/features/story.php?item=2993

HORSE POWER STANDARD DEFINITION. 
This can still be useful, because many American institutions 
and companies will still give out power ratings in horse power, 
as does the car industry.

QUAD-CORE PROCESSOR 
The output power is the heat generated in the processor. Hence 
the need for a heat sink and fan to dissipate this unwanted heat 
away. Ideas of electrical and thermal conduction, and limits on 
the smallness and performance of devices.

http://www.yale.edu/pclt/PCHW/size.htm 
http://computer.howstuffworks.com/question307.htm

MRI SCANNER 
The MRI physics is complicated to explain, however its use 
as a diagnostic technique is so common now that it can be 
discussed as an alternative / enhancement to X-ray imaging.

http://www.cancerhelp.org.uk/help/default.asp?page=149 

http://www.nhs.uk/conditions/mri-scan/Pages/Introduction.aspx

http://www.medical.siemens.com/webapp/wcs/stores/
servlet/ProductDisplay~q_catalogId~e_-1~a_catTree~e_10
0010,1007660,12754,14298~a_langId~e_-1~a_productId~e_
16847~a_storeId~e_10001~a_view~e_38.htm

http://www.ohsu.edu/xd/research/centers-institutes/onprc/
research-services/research-support/mri.cfm

GIANT CRANE (MAMMOET PTC 111) 
The Mammoet PTC 111 is the world’s largest mobile crane, but 
discussion can be made of a tower crane, concerning balance 
and moments.

mgh/t    (1.6 x 106 x 10 x 80) / 60  =  21 million watts (21 MW)

http://www.mammoet.com/

SHANGHAI MAGLEV TRAIN - ‘BULLET TRAIN’ 
Real world example of magnetism used to generate large 
forces, also the important point about reducing friction.

http://www.smtdc.com/en/index.asp 
http://en.wikipedia.org/wiki/Transrapid 
http://cs.trains.com/trccs/forums/t/113674.aspx

SATURN FIVE 
There are various figures given for the power of the Saturn  
Five rockets. The five F-1 engines equalled 160,000,000 
horsepower i.e. 160 million x 745.7 W = 1.2 x 1011 W or  
120 billion watts (120 GW). The lifetime is made up of the burn 
times of the 3 stages (150 s) + (360 s) + (500 s)

http://www.nationmaster.com/encyclopedia/Saturn-5 
http://en.wikipedia.org/wiki/Saturn_V 
http://www.boeing.com/defense-space/space/apollo11/
factoids.html

BUGATTI EB 16,4 VEYRON 
The lifetime is estimated using average usage of 8000 miles per 
year (i.e as a normal day to day car). 

The drag force (Fd) is dependent on the drag coefficient (cd) and 
the The Frontal area of the car (A)

Fd = cd 1/2 p v2 A   

http://en.wikipedia.org/wiki/Bugatti_Veyron 
http://www.engineeringtoolbox.com/drag-coefficient-d_627.html

INTERNATIONAL SPACE STATION 
A practical example of Einstein’s theory of relativity that time 
passes more slowly the faster an object moves.

http://historical.whatitcosts.com/facts-space-station.htm 
http://www.nasa.gov/mission_pages/station/main/index.html 
http://spaceflight.nasa.gov/station/crew/exp7/luletters/lu_
letter13.html

LIGHTNING BOLT 
Again we have a large power rating, but only a short duration. 
There has also been some work done in designing equipment to 
capture the energy from a lightning bolt and use it as a power 
source.

http://www.aero.org/publications/crosslink/summer2001/05_
sidebar7.html

http://peswiki.com/index.php/Directory:Lightning_
Power#Building_A_Lighting_Harnessing_Power_Plant


