A Formulary
for
Mathematics

A collection of the
Formulas, Facts and Figures
often needed in
mathematics

Thesearesomeof thepagesof thefirst rough draft of abooklet
which hasnow been published

Itisinahandier A5 size, containstwice asmuch material as
this, and usesasecond colour (red) asahelpin picking out the
salient pointson each page.

In addition, thereisaset of work-sheets based on the bookl et
amed at encouraging familiarity initsuse, and developing some
mathematicd idess.

Full detailscan befound at
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Square

/ e = edgelength
/ d = diagond length
V% P = perimeter length
o A= area

P=4xe P=4x+/A P=2xdx+2
A=P?+16

d=V2xA dzpfﬂz

_ dx+/2
="

A=¢? A=d?+2

d=ex+/2

o= VA

e=P+4

Oblong

- a, b= edgelengths
. o
a /6 d = diagond length
P = perimeterlength
~ A = area

P=2x (a+b) b= -2 -a

d=.a*+ b’

A=axb

- P _
a—2 b

a=a?-p? b=yd*-a

a=A=+b b= A+a

Parallelogram
T e = edgelengthsof two
pardld edges

p = perpendicular distance
! betweenthem
A= area

Triangle
b = baselength
p = perpendicular height

A = area
A=pxb+2
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Circle

r = radiuslength
d = diameter length
C = cdrcumferencelength
A= area
C=2x%x7mIxr C=rmnxd C=2xJAXTT
B , _ mxad? __c
A=T1xr A= 2 A_4xn
d=2xr d:ZX\/E d=C+m
m
r=d=+2 r= é r= 2C
T xn
Sector
s°= sector angle
(in degrees)
| = lengthof arc

r = radiusof circle
A= areaof sector

C

| =mxrxs +180

A=rmxr2xs°+360 A=rx|=+2
r=2xA+l| [=2xA=+r
r_180I __ 180l __360A
oS M- ~oqir2

Trapezium
a
!
P
1
b
a, b = edgelengthsof two
paralel edges
p = perpendicular distance
between them
A = area

A=px(a+b)+2
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OA

ocC=90°
S

Right-Angled Triangle

OB

b

Take care to match given data to the correct letters

Given Usetheformulafrom the appropriate box below to find
a b c oA OB
a b c:\/m tanA=a+b | tanB=b+a
a ¢ b:\/m snA=a+c | cosB=a=+c
b ¢ a=.c"-b’ cosA=b+c | sSnB=b=+c
a OA é 0| c=a+snA B=90°- A
a OB b=axtanB | c=a+cosB | A=90°- B
b OA | a=bxtanA c=b+cosA B=90°- A
b OB | a=b=+tanB c=b+snB | A=90°-B
c OA | a=cxsnA | b=cxcosA B=90°- A
c OB | a=cxcosB | b=cxsnB A=90°-B
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General Triangle

Thesemi-perimeter is
givenby
s=(@a+b+c)+2
c whichis
moreusudly writtenas

_atb+c
B 2

A b C Aisthesymbol for area

Area= ZabsnC o ZacsinB o IbcsinA o [s(s-a)(s-b)(s-¢)

: a _ b _ c
Sine Rule snA =~ snB ~ sdnC
Cosine Rule a*=b*+c?—2bccosA or cosA = (b? +c?2—a?) + 2bc
b? = a? + c2— 2ac cos B or cosB = (a?+c?2—?) + 2ac

cc=a+b?-2abcosC or cosC=(@+b?—-c?) +2ab

-C _ b-c A
cot 5

B
Tangent Rule tan

2  b+c 2
. A _ [(s=b)(s—c) A _ [s(s-a) A (s—-b)(s-c)
Half- leF I — = A2 AN AN S EANNEN AC A
alf-angle Formulas dn 5 b cos 5 e tan 5 S(5-2)
Inscribed Circle Circumscribed Circle
o Abe
m A= Area RadiusR = A0
a b c
R=
radiusr = 5 . 2snA " 2snB @ 2sinC

The different radii needed for the three
possibleescribed circlesareidentified by the
letters of the edge on which each circleis
placed r_ r r

b c

_ _ _ A
"= s—a "= s—b = s—¢

All theaboveformulasarecyclic
Thatis, thesix variables(a, b, ¢, A, B, C) can be changed around aslong asthe pattern of theformulaiskept.
Thisisbest seeninthe CosineRulewhereall three possiblevariationsare given, and the patternisclear.

© Frank Tapson 2004 [trolFB:5] Formul ary 5



Cube Cuboid
I
| I
I I
T d —
)_ I e e = edgelength “+d
e |/ d= diagondlength 1=
/ a
/ e S= surfacearea a, b, ¢ = edgelengths
/ (@ )
d V = volume Y d = diagond length
e 5 S= surfacearea
V = volume
S=6x¢ V=gl d=ex./3
V=axbxc
_ S _ 3 L. — [a2 22
e= 5 e= .V e_df\/g d=a +b°+c
S=2x(ab+ bc+bc)
S=6x .[y2 S=2xd?
Y b=V c= Vv
~ bc ac T ab
83 d3 X \/§
B \I 216 V=""9
d=e §
Regular Polyhedrons
Associated with any regular convex polyhedron aretwo particular spheres.
A circumspher eisthe sphere drawn around the outside of aregular
convex polyhedron so asasto touch every vertex of that polyhedron.
An insphereisthe spheredrawn around theinside of aregular convex
polyhedron so asasto touch every face of that polyhedron.
If the edgelength of the polyhedronisethen
ar ea of the surface of the polyhedronisgiven by e2 x A-factor
volumeof thepolyhedron isgivenby €3 x V-factor
radiusof thecircumsphereisgivenby €x C-factor
radiusof theinsphereisgivenby ex |-factor
The necessary factorsareto befoundin thetable below.
Thesizeof thedihedral angle (in degrees) between facesisasogiven
No. of Dihedral
faces Name A-factor V-factor C-factor I-factor Angle
4 | tetrahedron 1.73205 0.117851 0.612372 0.204124 70.5333
6 cube 6 1 0.866025 0.5 90
8 octahedron 3.46410 0.471405 0.707107 0.408248 | 109.467
12 dodecahedron | 20.6458 7.66312 1.40126 1.11352 116.565
20 icosahedron 8.66025 2.18170 0.951057 0.755761 | 138.190
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Except for values which are exact, all others are given to 6 significant figures.
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Sphere

r = radius

d = diameter

C= drcumference
A= areaof surface
V = volume

C=2xmxr o 71m%xd
A=4xmxr2 o 71xd?

V=4xmxr3+3 oo mxd3+6

_ A 36V

d=2xr or T o 0
33V

r=d+2 orégor AT

Pyramid
(Right square-based)

b b = baseedgelength
s = dant edgelength
h = perpendicular height

| = dantheight
V = volume
V=b*’xh+3
h=3xV=D0? b= 3_V
h
— h2 b_2 2 2
S= +2 b=, 2(s° -h%)
h= Sz_b_zz b= 2. (1Z-h?)
b? I PO
I= h?+= h=\ -7
4 4
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Cylinder
r )
T ey r = radius
\ d = diameter
r\] h = heght
| C= curvedarea
(without ends)
| - — - T = tota area
- . (with ends)
e d D V = volume

Cxr

V=mxr2xh o mxd2xh+4 o 5

2xV

C=2xmxrxh o mxdxh or

T=2xqmaxr x(r +h)

Cone
(Right circular)
r = radiusof basecircle
d = diameter of base
h = perpendicular height

| = dantheight

C = curvedarea
(without base)

V = volume

| = /r?+ h?

V=mxr2xh+3 or

NEY _ 3V
"=\ 7n h= TTr 2

mxd2xh+12

C=mxr x|

The sector needed to make a cone having a base
radiusof r and dant height of | canbecutfroma
circlewitharadiusof | and asector angle of 6°

where 9° = 36|ﬂ
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Decimal Parts of 60

The equivalent values of
seconds or minutes
(of time or angle)

&

a decimal fraction of a
minute, hour or degree

0
0.95 0.05
0.9 0.1
0
0.85 55 5 0.15
Seconds
or
- Minutes
0.8 10 0.2
0.75 45 15 0.25
0.7
40 20 0.3
0.65 35 25 0.35
30
0.6 0.4
0.55 0.45
0.5
Decimal Fraction of Minute, Hour or Degree
Time Angle
60 seconds = 1minute 60 seconds = 1minute
60minutes = 1 hour 60minutes = 1degree

Timeiswrittenintheform  hh:mmiss  example 12:34:06
Angleiswrittenintheforom d°m's" example 123° 4' 56"
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Degrees & Points of the Compass

The equivalent values of
degrees
&
the points of the compass

N

Degrees

WNW ENE

W SW
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Quadratic Equations
If ax? +bx +c=0then

_ —bx+b*-4ac

- 2a

If b?—4ac>0therearetwo, real, different roots.
If b?—4ac=0thereisonly oneroot.

If b?—4ac < 0therootsare complex.

X

Indices

anxan = gmn
am+a" = amn
@) = am
r\m/aTn = gmn

1

Ya = a

a =1

(ax b)" = a"x b"

(@a+b" = a"+bn

Expansions & Factorisations

(a+b)? = a’+2ab+ b’
(a=h)? = a&—-2ab+ I
(a+b)® = a’+ 3a’h+ 3ab’+ b°

(a+h)® = a’+ b+ 3ab(a+ b)
(a=b)® = a’-3a’m+ 3ab’-b’
(a=bh)® = a’-b*-3ab(a-b)

a-b = (a+b)(a-h)

a+b’ = (a+b)y@—-ab+b)

a-b> = (a-b)@+ab+ b’

a'—b* = (a+b)@—-a’b+ ab’-b’
a‘'-b* = (a-b)@+ a’b+ ab’ + )
a"+b"isdivisibleby (a+b) whennis odd

but by (a—Db) never
a"—Db"isdivisbleby (a+b) whennis even
and by (a—b) always

Logarithms
If N=a* then log,N=x and N=a'°%"
log(ax b) =loga+logb
log(a+~bh) =loga-logb
loga" =nloga
log \/a :%Ioga
log,N
log,N = Io%ia
log, N = 2.3026 xlog,, N
log.1 = 0
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Algebra

Arithmetic Progressions
Thegenera form of an APis
a, a+d, a+2d, a+3d, a+4d, ...... a+(n-1)d
where
a=thefirstterm
d =the common difference
n = the number of terms
thelasttermis
l=a+(n-I)d
thetotal sumof n termsis
S =n(@+1)+2 o n[2a+(n-1)d]+2

Geometic Progressions
Thegenera form of aGPis
a, ar, ar?, ar3, ar4, ars, ...... arn-!
where
a=thefirstterm
r =thecommonratio or multiplier
n = the number of terms
thetotal sumof n termsis
S=al-rm+@-r) ifr<1
or
S=ar"-1)+(r-1) ifr>1
if n isinfinity and r2<1then
S,=a+(1-r)
The geometric mean of two numbers a and b = Jab

Sums of Powers of Natural Numbers
Thefirst n natural numbersare

1, 2, 3, 4 5 6, 7, ...... n
Their sum when each has been raised to the power r is
SN'=1"+2"+3"+ 4"+ 5 +6"+ ... +n'

For any givenvalueof r thereisaformulafor =n’
Thefirstsix are

(r=1) Zn =n(n+1) +2

(r=2) Zn?=n(n+1)(2n+1) +6

(=3 In*=n2(n+1)2+4 o (=n)?

(r=49y Zn* =n(n+1)(2n+1)(3n?+3n-1) +30

(r=5) Zn® =n?(n+1)?(2n?+2n-1) +12

(r=6) 2Zn® =n(n+1)(2n+1)(3n*+6n*—-3n+1) +42

Combinations
Given n different objects and required to choose r at a
time, thisformulagivesthe number of waysinwhichit can
be done, neglecting the order in which they are chosen.

n n!

C = (n=r)!r!

Given the importance of these numbers in the Binomial
Theorem below, they are also known as the Binomial
Coefficients. (see Table of Values at the back)

Binomial Theorem

(@a+b)"=a"+"C,a"'b+"C,a"*b* + "C,a"’b’* + ...
L+'Ca"bh + L +Db"

Formulary 10



Calculus

function (1st) der ivatived integral
— . d y
f(X)or y=1(X) f(X) or OIXf(x) o G JT(X)dX or fydx
XN nxL 1 n+l
n+1
e e e
eaX aeax %eax
. | 1 X
a a*log_a log,
log x % xlog x — X
1 _1
5 - log, x|
1 1 X
= -1
a’+x? atan” g
1 -1
a2 _ X2 a tanh a
1 1 X
X2 _az 5 COth"la
1
- . X
Jarrx? S 3
1 X
x2-3a2 cosh? a
sin x COS X — COS X
COS X —sinx sin x
tanx sec? x log,|sec x|
. 1
sin™ x =
1-X
1
cos* x - =
1-X
-1 1
tan—x 1+

constants of integration
have not been shown

Giventhat u and v arebothfunctionsof x

Product rule .
i - y . du dv
. if y—vathen&—v&+u&
Quotient rule
i = - ﬂ: %_ QD;VZ
: ify=u=v then 4 dx - oxd
Chainrule
if yisafunctionof u then o
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In statistics, when the data content isnumerical, it isusual
to use the symbol x to represent the general case, and
individual piecesof dataasx, X, X, X, X, X, X, ... X,
Another commonly used symbol is X (Greek sigma) which
means“find thesumof . So aformulacontaining Zxwould
mean “add up al the x-numbers’, and =x? would mean
“square all the x-numbers and add up al those values’.
The number of pieces of dataisgiven by n.

If the data is grouped, then f is used to refer to the
frequency of the datain each group and that would require
achangeto someof the formulas given here.

Arithmetic Mean
Generally thisisreferred to ssimply asthe mean.
Symbol is x
This may be found by
Adding up the values of all the data
Dividing by the number of pieces of data

X
Expressed asaformulaitis X = %

Range
isthe absol ute value of the difference between the greatest
and least values of the data.
Expressed asaformulaitis
range=|[x . —X

minI

Root Mean Square Value

o § X
isgiven by

n

Standard Deviation

This may be found by
Squaring the values of all the data
Adding them all up
Dividing by how many there are
Subtracting the square of the mean value
Taking the square root.
Symbol is o

- X
Expressed asaformulaitis o = zn_ - x?

Variance
isthe square of the Standard Deviation
=0?

X? (chi-squared) Test
For any particular piece of data, if
Oisits Observed frequency

and
E isits Expected frequency
then 2
2 — (O - E)
X=2"E

which isthe summation carried out over all the groups of
the data

© Frank Tapson 2004 [trolFB:12]

Statistics

Correlation Coefficient

Moreprecisaly itis
Pear son’ sproduct moment correlation coefficient

Symbol isr

When the dataisin the form of ordered pairs of numbers

such as (%, y) and thereare n such pairs, then the amount

of correlation between them can be determined by

A. Multiplying the matching X and y values together,
adding them all up and multiplying the total by n

B. Adding up all x-values; adding up all y-values; and
multiplying the two results together.

C. Subtracting the result of B from A (It might be negative)

D. Squaring all x-values, adding them up, multiplying
the total by n. Repeating for y-values.

E. Adding together all x-values, and squaring the total.
Repeating for y-values.

F. Subtracting the X-result in E from that in D and
repeating that for y-result.

G. Multiplying the two answers from F together and
taking the square root.

Then r = result from C + result from G

Expressed asaformulaitis
. Ny XY-3x3y
JB5 7 -(5 g v (39

Straight Line Formula
When the dataisin the form of ordered pairs of numbers
such as (x, y) and there is a good degree of correlation
between them (as determined above) then it is possible, as
well as useful, to draw a straight line which can serve as
the basis of further calculations.
Theequation for thislinewill be of theform

y=mx+c
The necessary valuesof ‘m’ and ‘c’ can befound from

m="2"2 X3 Y
an2 —(Zx)

and

Rank Order Correlation Coefficient
Moreprecisely itis
Spear man’ srank order correl ation coefficient
Symbol isp

When two sets of data have been ranked in order by some
criteriaor other, this coefficient is used to determine how
closely thetwo lists agree (or differ).
Given that thereare n itemslisted, it isfound by

Finding the difference in value (by their list order)

of each corresponding pair of rankings.

Squaring all the differences.

Adding the squared values together and

multiplying by 6

Dividing the previous result by (n®-n)

Subtracting that from 1

=p

Formulary 12



Values of "C,

n!
(n=r)tr!

n(:r -
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100

121
144
169
196
225

256
289
324
361
400

441
484
529
576
625

676
729
784
841
900

961
1 024
1 089
1 156
1 225

1 296
1 369
1 444
1521
1 600

1 681
1 764
1 849
1 936
2 025

2 116
2 209
2 304
2 401
2 500

N3
1
8

27

64
125

216
343
512
729
1 000

1331
1728
2 197
2 744
3 375

4 096
4 913
5 832
6 859
8 000

9 261
10 648
12 167
13 824
15 625

17 576
19 683
21 952
24 389
27 000

29 791
32 768
35 937
39 304
42 875

46 656
50 653
54 872
59 319
64 000

68 921
74 088
79 507
85 184
91 125

97 336
103 823
110 592
117 649
125 000

N4

1
16
81

256
625

1 296
2 401
4 096
6 561
10 000

14 641
20 736
28 561
38 416
50 625

65 536
83 521
104 976
130 321
160 000

194 481
234 256
279 841
331 776
390 625

456 976
531 441
614 656
707 281
810 000

923 521
1 048 576
1185 921
1 336 336
1 500 625

1 679 616
1 874 161
2 085 136
2 313 441
2 560 000

2 825 761
3 111 696
3 418 801
3 748 096
4 100 625

4 477 456
4 879 681
5 308 416
5 764 801
6 250 000

N5
1
32
243

1024
3 125

7 776
16 807
32 768
59 049

100 000

161 051
248 832
371 293
537 824
759 375

1 048 576
1 419 857
1 889 568
2 476 099
3 200 000

4 084 101
5 153 632
6 436 343
7 962 624
9 765 625

11 881 376
14 348 907
17 210 368
20 511 149
24 300 000

28 629 151
33 554 432
39 135 393
45 435 424
52 521 875

60 466 176
69 343 957
79 235 168
90 224 199
102 400 000

115 856 201
130 691 232
147 008 443
164 916 224
184 528 125

205 962 976
229 345 007
254 803 968
282 475 249
312 500 000

Powers of N

NG

1

64
729

4 096
15 625

46 656
117 649
262 144
531 441

1 000 000

1 771 561
2 985 984
4 826 809
7 529 536
11 390 625

16 777 216
24 137 569
34 012 224
47 045 881
64 000 000

85 766 121
113 379 904
148 035 889
191 102 976
244 140 625

308 915 776
387 420 489
481 890 304
594 823 321
729 000 000

887 503 681
1 073 741 824
1 291 467 969
1 544 804 416
1 838 265 625

2 176 782 336
2 565 726 409
3 010 936 384
3 518 743 761
4 096 000 000

4 750 104 241
5 489 031 744
6 321 363 049
7 256 313 856
8 303 765 625

9 474 296 896
10 779 215 329
12 230 590 464
13 841 287 201
15 625 000 000
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Areas under Curve of Normal Distribution

The table gives the fraction of the total
areaunder the curvefor the shaded area
shown, which lies between the middle
ordinate (the mean) and the ordinate at z
for values of zfrom 0.00 to 3.99

(All values rounded to 4 decimal places)

lZH

0.0
0.1
0.2
0.3
0.4

0.5
0.6
0.7
0.8
0.9

1.0
11
12
13
14

15
1.6
1.7
18
1.9

20
21
2.2
2.3
2.4

25
2.6
2.7
2.8
2.9

3.0
3.1
3.2
3.3
3.4

3.5
3.6
3.7
3.8
3.9

0

0.0000
0.0398
0.0793
0.1179
0.1554

0.1915
0.2258
0.2580
0.2881
0.3159

0.3413
0.3643
0.3849
0.4032
0.4192

0.4332
0.4452
0.4554
0.4641
0.4713

0.4772
0.4821
0.4861
0.4893
0.4918

0.4938
0.4953
0.4965
0.4974
0.4981

0.4987
0.4990
0.4993
0.4995
0.4997

0.4998
0.4998
0.4999
0.4999
0.5000
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1

0.0040
0.0438
0.0832
0.1217
0.1591

0.1950
0.2291
0.2612
0.2910
0.3186

0.3438
0.3665
0.3869
0.4049
0.4207

0.4345
0.4463
0.4564
0.4649
0.4719

0.4778
0.4826
0.4864
0.4896
0.4920

0.4940
0.4955
0.4966
0.4975
0.4982

0.4987
0.4991
0.4993
0.4995
0.4997

0.4998
0.4998
0.4999
0.4999
0.5000

2

0.0080
0.0478
0.0871
0.1255
0.1628

0.1985
0.2324
0.2642
0.2939
0.3212

0.3461
0.3686
0.3888
0.4066
0.4222

0.4357
0.4474
0.4573
0.4656
0.4726

0.4783
0.4830
0.4868
0.4898
0.4922

0.4941
0.4956
0.4967
0.4976
0.4982

0.4987
0.4991
0.4994
0.4995
0.4997

0.4998
0.4999
0.4999
0.4999
0.5000

3

0.0120
0.0517
0.0910
0.1293
0.1664

0.2019
0.2357
0.2673
0.2967
0.3238

0.3485
0.3708
0.3907
0.4082
0.4236

0.4370
0.4484
0.4582
0.4664
0.4732

0.4788
0.4834
0.4871
0.4901
0.4925

0.4943
0.4957
0.4968
0.4977
0.4983

0.4988
0.4991
0.4994
0.4996
0.4997

0.4998
0.4999
0.4999
0.4999
0.5000

4

0.0160
0.0557
0.0948
0.1331
0.1700

0.2054
0.2389
0.2704
0.2996
0.3264

0.3508
0.3729
0.3925
0.4099
0.4251

0.4382
0.4495
0.4591
0.4671
0.4738

0.4793
0.4838
0.4875
0.4904
0.4927

0.4945
0.4959
0.4969
0.4977
0.4984

0.4988
0.4992
0.4994
0.4996
0.4997

0.4998
0.4999
0.4999
0.4999
0.5000

5

0.0199
0.0596
0.0987
0.1368
0.1736

0.2088
0.2422
0.2734
0.3023
0.3289

0.3531
0.3749
0.3944
0.4115
0.4265

0.4394
0.4505
0.4599
0.4678
0.4744

0.4798
0.4842
0.4878
0.4906
0.4929

0.4946
0.4960
0.4970
0.4978
0.4984

0.4989
0.4992
0.4994
0.4996
0.4997

0.4998
0.4999
0.4999
0.4999
0.5000

6

0.0239
0.0636
0.1026
0.1406
0.1772

0.2123
0.2454
0.2764
0.3051
0.3315

0.3554
0.3770
0.3962
0.4131
0.4279

0.4406
0.4515
0.4608
0.4686
0.4750

0.4803
0.4846
0.4881
0.4909
0.4931

0.4948
0.4961
0.4971
0.4979
0.4985

0.4989
0.4992
0.4994
0.4996
0.4997

0.4998
0.4999
0.4999
0.4999
0.5000

7

0.0279
0.0675
0.1064
0.1443
0.1808

0.2157
0.2486
0.2794
0.3078
0.3340

0.3577
0.3790
0.3980
0.4147
0.4292

0.4418
0.4525
0.4616
0.4693
0.4756

0.4808
0.4850
0.4884
0.4911
0.4932

0.4949
0.4962
0.4972
0.4979
0.4985

0.4989
0.4992
0.4995
0.4996
0.4997

0.4998
0.4999
0.4999
0.4999
0.5000

8

0.0319
0.0714
0.1103
0.1480
0.1844

0.2190
0.2518
0.2823
0.3106
0.3365

0.3599
0.3810
0.3997
0.4162
0.4306

0.4429
0.4535
0.4625
0.4699
0.4761

0.4812
0.4854
0.4887
0.4913
0.4934

0.4951
0.4963
0.4973
0.4980
0.4986

0.4990
0.4993
0.4995
0.4996
0.4997

0.4998
0.4999
0.4999
0.4999
0.5000

9

0.0359
0.0754
0.1141
0.1517
0.1879

0.2224
0.2549
0.2852
0.3133
0.3389

0.3621
0.3830
0.4015
0.4177
0.4319

0.4441
0.4545
0.4633
0.4706
0.4767

0.4817
0.4857
0.4890
0.4916
0.4936

0.4952
0.4964
0.4974
0.4981
0.4986

0.4990
0.4993
0.4995
0.4997
0.4998

0.4998
0.4999
0.4999
0.4999
0.5000
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Symbols and Abbreviations

Mathematics uses many symbols and abbreviationsto represent instructions, or numbers, in amore
concise form. Here, with a brief note asto their meaning, are the ones most commonly used.

seealso The Greek Alphabet

add or plus or positive

minus or subtract or negative
find the absolute difference of
timesor multiplied by

timesor multiplied by

divided by

divided by

add or subtract

plus or minus

positive or negative

equalsor isegual to

does not equal or is not equal to

isapproximately equal to

isequivalent to or has the same value as
isidentically equal to

is congruent to

isless than

islessthan or equal to

is greater than

is greater than or equal to
varies as or is proportional to
proportion

decimal (or fraction) point
decima marker

per cent or out of a hundred
per mil or out of athousand
brackets or parentheses
angle brackets

square brackets

curly brackets or braces
also used to enclose a set

the largest whole number
which is not greater than x

the absolute value of x
X sguared

X cubed

X to the nth power
the square root of x
the cube root of x
angle

isparallel to

isnot parallel to
isperpendicular to
degrees

minutes

seconds
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N theset of natural numbers
7 theset of whole numbers
Q thesetof rational numbers
R theset of real numbers

C thesetof complex numbers
O isamember of

O isnotamember of

O isasubset of

O isnot asubset of

O includes

O union

N intersection

O null or empty set
O implies
0O isimpliedby

< impliesandisimplied by

O therefore

00 infinity

n! factorial n

In sub-factorial or derangementsof n
i squareroot of -1

e =2.71828 ...

T =3.14159 ...

f(x) function of x
f°(x) first derivative of f(x)
J integra or anti-derivative
& hexadecimal number follows

AP
APR
cu
dp
gcd
hcf
lcd
lcm

mod
QED
sf

uT

arithmetic progression

annual percentage rate

cubic (referring to units of volume)
decimal places

greatest common denominator
highest common factor

lowest common denominator
lowest common multiple
gradient of aline

modulus

which was to be proved
significant figures

sguare (referring to units of area)
Universal Time (Greenwich Mean Time)
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The Greek Alphabet

The Greek alphabet is a rich source of symbols used in both mathematics and
science, to the extent that nearly every one of them (both capitalsand lower case) isused
in someway or other. Some of them appear more than once to represent different things.
Below isthefull aphabet, and the names of the various symbols. The capital form of the
letter isgivenin thefirst column, followed by thelower case version and itsname. Then
some of the more commonly seen meanings of usage are given.

A a adpha o B y areoften used to identify anglesin plane figures.
B B beta

'y gamma

A & ddta A is sometimes used to represent the area of a plane figure.
0 isused (in calculus) to show that a small amount is considered.

E € epslon

Z { zeta

Hn eta

© 0 theta 0 isused to indicate agenera angle

iota

K k kappa

A A lambda A isused to represent ascalar in vector work
M

L mu M isused (in the Sl system) to represent the prefix micro
U is sometimes used to represent the arithmetic mean

Nv nrnu

1
Fa,!

X & issometimes used as the symbol for the universal set
O o omicron
n

m p I isused to show that a continued product is needed
TT is used to represent the value of theirrational number 3.14159 ...
11(n) means the number of primes less than, or equal to n

o

rho

2 0 dgma > isused to show that the sum of a seriesisto be found
0 isused to represent the standard deviation of a population

T 1T tau T isusedto represent the golden ratio 1.6180 ... (see aso phi)
Y v upsion
® @ ph @ is sometimes used as the symbol for the empty set

@ isusedto represent the golden ratio 1.6180 ... (see also tau)
@(n) meansthe number of positive integers less than, and relatively prime to, n

X x chi X isusedin statistics in reference to the chi-squared test
pd
Q w omega
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