PH2100

Concepts of Motion

distance traveled
time interval spent traveling

average speed =

AT =1, -,

o A
avg A t

a — A_V
avg A t

Kinematics in One Dimension

For Motion in a Straight Line:

S

v, = % =slope of position-time graph

S

a = dd\:s =slope of velocity-time graph

area under velocity curve

S =5 +.|'[fvsdt=si +
4 fromt; tot

area under acceleration curve

t
Vi =V, +| adt=v, +
B -[ta o {from t tot,

Uniform Motion:
S; =S + VAt
Uniformly Accelerated Motion:
Vi, =V +aAt
5 =S, +V At +1a (At)
V2 =V +2a.As
Free fall:a, = —g =—9.80 m/s’
Motion on an Inclined Plane:a, =+gsiné

Vectors and Coordinate Systems

y
A=A
0
A = Al )
A=A+ A =AT+A]
In the figure above:
A = Acosé A =Asing

A=A+ A H:tan‘l[%J
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Formula Sheet

Knight
Kinematics in Two Dimensions

F=xi+Yj

dr dx- dy'\ ~ 2

—=—Il+—]=V,I+V ]

dt dt dt /
dv de:* dVy 2 o~ 2
dt dt dt y

Constant Acceleration :

<
I

jshl}

X, =X +V, At +1a (At) y, =y, +ViyAt+%ay(At)2
vy, =V, ta, At Vg =V, +a At
Projectile Motion:

X, =X, +V, At Y =Y, +V, At ~1g(At)
Vg =V, — AL

ve =V =2g(y; - Vi)

Vy, =V, = constant

- . !
Relative Motion: y y
Mo =T + V.t
o Tl T .p
Vpg =Vpg + Vs g
X!
8pg = dpg: S X

Circular Motion:

o="2
r

. AO
average angular velocity = E

déo
w=—

dt
Vv, = or

dw
a=——

dt
Uniform Circular Motion (constant o) :
2zr 27 rad
t o=

T T

6 =6 +ow At

a, = ﬁ =’r
r
Nonuniform Circular Motion (constant a,):
_dv,
S
6, =0 + oAt +La(At)

w; = o, + alt

ar

o = o’ +2aA0
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Force and Motion

Dynamics I: Motion Along a Line

=ZlfI =ma

Fs =(mg, downward)

3)
w=mg|l+—
g

A Model for Friction :
~ 0to u.n
Static: f,=| ’u_s )
direction as necessary to prevent motion

Kinetic: u,.n, direction opposite the motlon)

fio=(
Rolling : ﬂ ( n, direction opposite the motlon)

Drag: D= (1Av direction opposite the motlon)

Newton’s Third Law

I:AonB :_FBonA

Dynamics II: Motion in a Plane

Feo), =D F,=ma,
Fe) Z F, =ma,

Fe), =D F =ma,

0 umform motion
(Fnet)t:ZFt: . .
ma, nonuniform motion

net z F =0

Impulse and Momentum

=mw’r

5 f’ F, (t)dt = area under force curve

X

Fangt
Ap, =J, (impulse-momentum theorem)
P=p,+P,+ D, +
P. =P (conservation of momentum)

|

K; +U; = K, +U; (conservation of mechanical energy)

(Fp), =—kas U, =3k(as)’
Perfectly Elastic 1-D Collisions (m, initially at rest):
m,—m 2m
(fo )1 = mi i mj (Vix )1 (fo )z = mlT;,nz(Vix )1

Work

'[Sf F,ds = area under the force-position curve
SI

W =
F.AF =FArcosd ifF isaconstant force
AK =W, =W_+W, +W,_, (work-kinetic energy theorem)
AU =U; U, =-W,(i>f)
dau
T ds
Ep = Kiiero +Ynicro
AE, =-W, = f,As
ESys =K+U +E,
K; +U; +AE, =K, +U, +W_,
F>=E p-IW _E .y Fucoso
dt dt

Newton’s Theory of Gravity

I:M onm = I:monM :Gw
r
_GM
Osurface _?
GM

Circular Orbit; v=

Physical Constants

g =9.80 m/s?

G =6.67x10"" N-m?/kg?
M., =5.98x10* kg

R =6.37x10° m
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