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DATA

FUNDAMENTAL CONSTANTS AND VALUES

Quantity

speed of light in vacuo
permeability of free space
permittivity of free space
magnitude of the charge of electron
the Planck constant
gravitational constant

the Avogadro constant
molar gas constant

the Boltzmann constant
the Stefan constant

the Wien constant

electron rest mass
(equivalent to 5.5 x 107 u)

electron charge/mass ratio

proton rest mass
(equivalent to 1.00728 u)

proton charge/mass ratio

neutron rest mass
(equivalent to 1.00867 u)

gravitational field strength
acceleration due to gravity

atomic mass unit
(luis equivalent to 931.5 MeV)

ASTRONOMICAL DATA

Body Mass/kg
Sun 1.99 x 10*°
Earth  5.98 x 10*

Mean radius/m
6.96 x 10®
6.37 x 10°

Symbol

C

Ho
&
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Value Units
3.00 x 10® ms’!
4t x 107 Hm'
8.85x 10712 Fm'
1.60x 107" C
6.63x 10734 Ts
6.67x 107" N m?® kg™
6.02 x 10% mol ™
8.31 JK ' mol™
1.38x 1075 JK!
5.67%x 107 Wm?2K?
2.90x 107 mK
9.11 x 107! kg
1.76 x 10" Ckg™
1.67(3) x 107 kg
9.58 x 10’ Ckg'
1.67(5) x 107 kg
9.81 Nkg™
9.81 m s>
1.661 x 1077 kg
GEOMETRICAL EQUATIONS
arc length =r6
circumference of circle =2nr
area of circle =77
surface area of cylinder =2nrh
volume of cylinder =1 rh
area of sphere =47
4 5
volume of sphere = 3 nr

Turn over p



AS FORMULAE

PARTICLE PHYSICS

Rest energy values

rest energy
class name symbol MeV
photon photon v 0
lepton neutrino Ve 0
Vi 0
electron ei 0.510999
muon u 105.659
mesons T meson ni 139.576
’ 134.972
K meson K 493.821
K’ 497.762
baryons proton p 938.257
neutron n 939.551
Properties of quarks
antiquarks have opposite signs
baryon
type charge B strangeness
u t—e + E 0
3
d L e + L 0
3 3
S 1 e + L] -1
3 3

Properties of leptons

lepton number

particles: e , V3 L, Vy +1
antiparticles: €', v, ; W', ﬁ 1
Photons and energy levels
photon energy E=hf=hc/A
photoelectricity hf= @+ Ex (may)
energy levels hf=E —E,

h h
de Broglie wavelength A=—=—

p my
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ELECTRICITY
current and I= AQ V= w R= 14
pd At (0] 1
E
emf &E=— 8=I(R+}")
Q
resistors in series R=R,+R,+R;+ ...
istors i llel L_1 t—t—
resistors in paralle — ==ttt
P R R R, R
resistivity g
p L
2
power P=VI=IR %
Iy Yo
alternating current Is= — Vims = —=
2 2
MECHANICS
moments moment = Fd
velocity and . As g Av
acceleration At At
+
equations of motion  v=u+at (u 2 v)
/2
v =u*+2as s=ut+ —
force F=ma
work, energy and W=Fscos 6
power Ex="Y%mV AEp=mgAh
AW

P=—— P=Fy
At

useful output power

efficiency =
input power
MATERIALS
density m Hooke’slaw  F=k AL
p=—
14
. . F

Young _ tensilestress  tensile stress = i
modulus tensile strain

. . AL

tensile strain = —
energy E= l FAL L
stored 2
WAVES
1
wave speed  c=f1 period Tr= 7
fringe D diffraction  dsin 6 =nl
spacing s grating
c
refractive index of a substance s, 1= o
S

for two different substances of refractive indices ny and nj,

law of refraction

critical angle

n; sin 0, = n, sin 6,

. n
sin 6, = —= for n, > n,

n



A2 FORMULAE

MOMENTUM
A(mv)
orce F=—
f At
impulse FAt=A(mv)
CIRCULAR MOTION
. v
angular velocity 0= —
r
w=2nf
. . v2 2
centripetal acceleration —a=—=®r
r
my?
centripetal force F= =mw’r
r
OSCILLATIONS
acceleration a=—(2nf)x
displacement x = A cos 2nf't)
_ 2,2
speed v=12nfvA® —x
maximum speed Vimax = 27fA
maximum acceleration Amax = 2Tf YA

for a mass-spring system T=2m 1’%

. /
for a simple pendulum T'=2n |—
g

GRAVITATIONAL FIELDS

force between two F= Gm,m,
masses P2
gravitational field _F
strength & m
magnitude of G

gravitational field 8=
strength in a radial field

gravitational potential AW =mAV

ELECTRIC FIELDS AND CAPACITORS

electric potential AW = QAV
o1 0
47'C€ 0 r
capacitance = g
14
decay of charge 0= Qe ¢
time constant RC
1 | R
capacitor E=—-0V =—=CV =
2 2
energy stored
MAGNETIC FIELDS
force on a current F=BIl
force on a moving charge F=BQv
magnetic flux @ =BA
magnetic flux linkage N® =BAN
magnitude of induced emf " AD
6 = —
At

N® = BAN cos 0

emf'induced in a rotating coil .
4 g ¢ = BANwsin ot

: Ns _Vs
transformer equations Np Vp
efficiency = L Vs
1,V,
RADIOACTIVITY AND NUCLEAR PHYSICS
the inverse square law for y I= k.
radiation x2
radioactive decay AN AN, N = Npe™
At
activity A=AN
In2
half-life T,= 22
nuclear radius R=r A"
energy-mass equation E=mc

GASES AND THERMAL PHYSICS

gas law pV=nRT
j 1
force between two point F= 00, pPV=NkT
charges dme, 12
1
force on a charge F=EQ kinetic theory model pV= EN m (Cems) >
field strength for a _r kinetic energy of gas 1 »_ 3, . 3RT
: E=Z —m (cans)? = 2 KT =
uniform field d molecule 2 2 2N,
to ch

field strength for a radial  p 0 energy 1o cnange 0 =mcAT

temperature

Id ’
fie 4me,r energy to change state  Q=m |

INSERT TO PHYA4/PHYAS Turn over >



OPTIONS FORMULAE
ASTROPHYSICS torque T=1a
1 astronomical unit =1.50 x 10"'m angular momentum angular momentum = /@
1 light year =9.46 x 10> m work done W=T60
1 parsec =206265 AU =3.08 x 10'°m power P=Tw
= 3.26 light years thermodynamics O=AU+W
Hubble constant, H=65km s Mpc™' W=pAV
lens equation 1_ l+ 1 adiabatic change pV’ = constant
fouow isothermal change pV = constant
M= angle subtended by image at eye heat engines
angle subtended by object at unaided eye
. w _ Qin - Qout
£ efficiency = ——= = ——
in normal adjustment M==2 Oin Oin
Je Ty -T,
. . H —{c
1 maximum efficiency = Y
resolving power 0= ) H
work done per cycle = area of loop
magnitude equation m—M=>5 log i input power = calorific value x fuel flow rate
10 indicated power = (area of p- ¥ loop) x (no of cycles
Wien'’s law A T=0.0029 mK per second) x number of cylinders
e ' output or brake power P = T®
Hubble’s law v=Hd [riction power = indicated power — brake power
Stefan’s law P=cAT heat pumps and refrigerators
. _ Af _ AL v Q Q
Doppler shift forv<<c  z= & 4 B refrigerator: COPyp= =2 = o
w Qin - Qout
2GM
Schwarzschild radius Ry=— heat pump: COPy, = On__ On
¢ w Qin - Qout
MEDICAL PHYSICS TURNING POINTS IN PHYSICS
1
lens equations P=— . g
J electrons in fields F= vl
v
m = —
u
1 i 1 F = Bev
—_— = = + J—
f o ou v o my
. . 1 B
intensity level intensity level = 10 log — €
Lo Vo v = eV
absorption I=1Ie™ ov
! 7
= =
P F=oérxnrv
APPLIED PHYSICS
1
moment of inertia I=Zmr* wave particle duality €~
1 VHo €0
angular kinetic energy E = —Id
2 = h_ h
equations of angular p dmeV
motion o=w+ot special , m0c2
. 5 relativity E=mc”= ———
=" +2a0 2\;
v
l———
1 2 { Cz ]
0= wt+ —at
2 S 1
=1 + 2 2 2 =t
0="(an + my)t =k 1_v_ =1t 1_V_ 2
c? ¢

INSERT TO PHYA4/PHYAS




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




