PHYSICS 191/193
Introductory Physics |

Equations of Kinematics and Dynamics

I.  Vector Relationships (sin @ = opp / hyp; cos & =adj/ hyp; tan @ =sin €/ cos 9;

f\ =1)

A=Ai+Aj+Ak ‘A‘EA:\/(M%(AYJZ(AZ)Z
A-B=AB cosp=AB, +AB,+AB,

AxB=(ABJsing|) n (direction of n determined by the RH rule)

AxB=(AB,-AB)i + (AB ~AB,)] + (AB,~AB)k

Il. Equations of Kinematics (Constant Acceleration in One Dimension; g = 9.8 m/s?®)

X=X, +(V, )t
fo = Vox + axt
(V)= (Vg +V,) /2
X =X, +voxt+£axt2
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V2 =V2 +2a AX

r=xi +yj+zk; v=dr/dt; a=dv/dt

Il. Equations of Dynamics (Including Laws of Conservation; + y direction is upwards.)

Y F-ma- (Z—fj where 6 =mv,,
I:spring = —k(X - Xeq) fk = My FN fs < M FN
Foa = GMQMZ G=6.67x10" Nkg? m?
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Work-Energy Theorem: WZF =AK

For constant forces: W = 2 F-Ar = 2 (F Ar cosp)

Energy Conservation: AK+AU +AU, =0

K =2mv?, Uy, =mgy, Uy, =1k(x-x,)?% and AU,, = f,Ar>0.

n n
Momentum Conservation: > p_ = > p,
i=1 i=1
where n is the number of bodies in an isolated system.

Impulse: J=Ap = .[If dt = <|3>At

Equations of Rotational Motion (Including Laws of Conservation)

Note that the five equations of kinematics can be used with the following substitutions:

X—60, vVow, and a—>a . Alsonotethat w=d@/dt and a =dw/dt .
Furthermore, the following "analogies" can be made :

m->Il, F->r7, p-oL

=rxF L = m (FxvV)
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and for finite bodies: Q. .L=lw and D.r=la= (?}I—tj

where

n
I=>m nzzjrz dm Kmtzlla)2
- 2
For rolling motion: v, =w rand a,, =« r. For circular motion, o =27 f, P=1/ f.

As=rA6 (where Asis the arclength). The centripetal acceleration experienced by a
particle moving along on a circlar arc is:

2 2
A, =V /r=0T
where the acceleration vector points radially inwards, and v=v,,,= or . Also a,,= ar .



