Collection of formulas for the exam
Advanced Mathematics for civil engineers
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Differentiation rules
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Rules of Integration
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where F is the primitive function of f
| Fla(2))g'(x) dx = F(g(z)) +e,

where F is the primitive function of f
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Notable derivatives
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Notable integrals
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1. Linear algebra

1. Gram-Schmidt orthogonalization: Let {w;,...,w,} be a basis of the subspace W C R?. Then
{v;,...,v;} forms an orthonormal basis of W, where

1
wy . Wy 23:1(% 'Qj)yj

v, = and for i =2,..., kv, = .
[ o leos = Y520 (2 - )y |

2. Partial Differential equations

1. The sine-Fourier series of a function f: [0, L] — R is:

ibnsin (% :U) , where b, = %/OL f(x)sin (% x) dz.
n=1

2. [ sin(az)ds — sin(ax) —a(;a: cos(ax) teand [ 22 sin(az)dz — 2 cos(ax) + 2ax sir;(?fzx) — a%2? cos(ax) e
3. Bernoulli’s solution for the vibrating string problem:

uf, = c2ull, O<z<Land0<t

u(0,t) =u(L,t) =0 0<t
u(z,0) = f(x) 0<z<L
uy(x,0) = g(x) O<z<L
then u(z,t) = > sin (&z) - (Ajcos (B2¢) + By sin (£5¢)), where Ay are the coefficients of the
k=1

Fourier-sine series of f(z) and %Bk are the coefficients of the Fourier-sine series of g(x).

4. Heat equation for finite rod:

up = ol 0<z<LandO<t
u(0,t) =u(L,t) =0 0<t
u(z,0) = f(x) O0<z<L
0 o\ 2
then u(z,t) = 3 Ake_(%) “ sin (%’rx), where Ay, are the coefficients of the Fourier-sine series of

f(@).

5. The Fourier-sine series of some functions:

(a) flx)=zif0<z<m f(z)=2 (sm( ) — Sin(;x) + smg%) - Sinfx) +) for0<z<m

x 0<z<m/2
T—z mw/2<x<T

113) _ % (sin(x) o sm(Sm) + s1n(5m) s1n(7m) +. ) for 0 <z <.

(b) g(z) = {

1 O0<z< o . )
(c) h(z) = {0 g " () = 4 (sin(a) + S 4 G 4 I L) for 0 <p <7
=0,

(d) ¢(z) = z(r —2): p(z) =2 (sin(x) + Qm(‘%) + Qm(w) + sm(”) + - ) for0<z<m



3. Vectoranalysis

1.

at

Let A be an orientable surface with parametrization r(u,v), where (u,v) € T for some domain 7" and
F: R? > R? be a vectorfield. Then

//A FaA == //T F(r(u,v)) - (r), x v,)dudv,

where we choose + if the orientation of A corresponds to r], X r.,, otherwise —.

. Gauss’ Theorem: Let K C R? be a body with boundary 0K oriented pointing outwards. If all the

second partial derivatives of the vectorfield F' exist and continuous on K then

/ /a . FdA = / / /K div(F)dzdydz.

Stokes’ Theorem: Let F be an orientable surface and OF its boundary with coherent orientation. If
all the partial derivatives of the vectorfield F' exist and continuous on F then

/ ﬁdrz// curl(F)dA.
oF F

Green’s Theorem: Let ' be a domain on the plane such that its boundary is a v simple closed curve.
If all the partial derivatives of the vectorfield F' exist and continuous on 7' then

[ Far= [[ @~ Pidady. where Fa.y) = (Pla.1). Qo).
o T

Cylindrical substitution:

x = rcos(p)
y = rsin(p)
z = z
with Jacobian determinant: 7.
Spherical substitution:
x = rsin(u)cos(v)
= rsin(u)sin(v)
z = rcos(u)
with Jacobian determinant: r2 sin(u).
Polar substitution on the plane:
z = rcos(v)

= rsin(v)

with Jacobian determinant: r.



