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Math & Physics in Architectural Structures

1. Parallel lines never intersect.
2. Two lines are perpendicular (or normal) when they intersect at a right angle = 90°.
3. Intersecting (or concurrent) lines cross or meet at a point.

4. If two lines cross, the opposite angles are identical:

5. If aline crosses two parallel lines, the intersection angles with the same orientation are
identical:

6. If the sides of two angles are parallel and intersect in the same fashion, the angles are
identical.

7. If the sides of two angles are parallel, but intersect in the opposite fashion, the angles are
supplementary: o+ = 180°.

8. If the sides of two angles are perpendicular and intersect in the same fashion, the angles are
identical.
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9.

10.

11.

12.

13.

14.

15.

If the sides of two angles are perpendicular, but intersect in the opposite fashion,

the angles are supplementary: o+ = 180°.
p
o

If the side of two angles bisects a right angle, the angles are complimentary:

oty =90°.
v
o

If a right angle bisects a straight line, the remaining angles are
complimentary: o+ y = 90°. o

90°

The sum of the interior angles of a triangle = 180°.

B
For a right triangle, that has one angle of 90°, the sum of the other angles = 90°.
These angles are complimentary.
C []90°
A

For a right triangle, the sum of the squares of the sides equals the square of the hypotenuse:
AB? + AC? =CB?

Similar triangles have identical angles in the same orientation. Their sides are related by:

] A
Case 1: AB B AC ~ BC
C AD AE DE
B E
D
A!
Case 2:
A AB AC BC
c AB’ AC' BC
C 3 B
Bl
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16. For right triangles:

17.

18.

19.

20.

21.

22.

23.

24,

. oppositeside . AB
SINN=——— =S| = —
hypotenuse CB B
adjacentside AC
COS=———=C0SQ@ = ——
hypotenuse CB
" C
tan — opr.)posnes_lde:tana:ﬁ A
adjacentside AC
(SOHCAHTOA)

If an angle is greater than 180° and less than 360°, sin will be less than 0.
If an angle is greater than 90° and less than 270°, cos will be less than 0.
If an angle is greater than 90° and less than 180°, tan will be less than 0.
If an angle is greater than 270° and less than 360°, tan will be less than 0.

LAW of SINES (any triangle)

sinag _sinf _siny
A B C

LAW of COSINES (any triangle)

A% =B? +C? —-2BCcosa

Surfaces or areas have dimensions of width and length and units of length squared (ex. in? or
inches x inches).

Solids or volumes have dimension of width, length and height or thickness and units of
length cubed (ex. m* or m x m x m)

Force is defined as mass times acceleration. So a weight due to a mass is accelerated upon
by gravity: F=mg g= 981”/ , =32.17 fy ,
sec sec

Weight can be determined by volume if the unit weight or density is known: W =V.y
where -V is in units of length® and y is in units of force/unit volume

Algebra: If a-b=c-d then it can be rewritten:
a-b+k=c-d+k add a constant
c-d=a-b switch sides

c-d divide both sides by b
TTh
a_d divide both sides by b-c
c b
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25. Cartesian Coordinate System

Y -
. (X,y) - coordinates

O -origin X

26. Solving equations with one unknown:

1% order polynomial:  2x—-1=0--- 2x =1--- x=1

ax+b=0-- x=—2
a

2" order polynomial —b+b?—dac two answers

ax’*+bx+c=0--- X=—— (radical cannot be
2a negative)

x?-1=0--- _ —040%-4(-1) = 41
(a=1b=0c=-1) X~ 51 TS

27. Solving 2 linear equations simultaneously:
One equation consisting only of variables can be rearranged and then substituted into the

second equation:

ex: 5x -3y =0  add 3y to both sides to rearrange 5x =3y
4x -y =2 divide both sides by 5 x=2
substitute x into the other equation 42y)-y=2
add like terms ly=2
simplify y =10-1.43

Equations can be added and factored to eliminate one variable:

ex: 2x+3y =8 2x+3y =8
AXx-y =2 multiply both sides by 3 12x -3y =6
and add 14x+0=14
simplify X =1
put x=1 in an equation fory =~ 2-1+3y =8
simplify 3y=6
y=2
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28. Derivatives of polynomials y = constant dy 0
dx
y=x o _
dx
dx
dy
= x? L =2x
y dx
y =x° W gy
dx

29.

30.

31.

32.

33.

34.

35.

36.

37.

The minimum and maximum of a function can be found by setting the derivative = 0 and
solving for the unknown variable.

Calculators (and software) process equations by an “order of operations”, which typically
means they process functions like exponentials and square roots before simpler functions
such as + or -. BE SURE to specify with parenthesis what order you want, or you’ll get the
wrong answers. It is also important to have degrees set in your calculator for trig functions.
For instance, Excel uses — for sign (like -1) first, then will process exponents and square
roots, times and divide, followed by plus and minus. If you type 4x10”2 and really mean
(4x10)"2 you will get an answer of 400 instead of 1600.

Measures in physics include length, force, mass, and temperature. US Customary units
include inches, feet, Ib (force), kips (1000 Ib), and Fahrenheit Sl (Standards International)
units include millimeters, centimeters, meters, grams, kilograms, Newtons, kiloNewtons, and
Celcius.

Vectors have direction and magnitude.

Particles want to move when pushed. They can translate, rotate, speed, and accelerate.
Gravity accounts for masses being attracted to the ground and force due to gravity on a mass.
Equilibrium is the state of forces in balance, such that there is no movement.

Fluids (liquids and gasses) can cause pressure and resulting forces over an area.

Structural materials can change length or volume with a change in temperature.



