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Formula Summary for CHAPTERS 1-3 N/

Rectilinear Motion — Curvilinear Motion — Relative Motion — Projectile Motion
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Average Velocity and Speed
_ As R _ AT_") _ St
(USP)avg = Vs = 400 (vsr))avg At

Particle Rectilinear Motion
Variable acceleration
dvgy ds
a=7, vsp=a, ads = vg, dvgy,

Constant acceleration: a = a,
VUsp = VUsp,o T Act
1 2
5§ =59+t Ugpol + Eact
2 _ 2
Vsp = Vspo T 2ac(s — o)

Particle Curvilinear Motion:

Cartesian x, y
=xi+yj
bl d? A n
v=a=vx1+vy] Uy =X, Uy =Yy
., dv . .
azazax1+ay] Ay =X, Ay =Y
v =Wl = [vi+vg, ladl= [aZ+a}
Normal-Tangential n,t
V = VU = SU,
d = a,t, + a0,
2
ar = Vg =V Wsp a, = Ysp
t sp sp ds ’ n p
_ [+ (dy/dx)*]*?
|d?y/dx?|
Polarr,0
7 =ri, + zk
V=vd,+vglly v.=7, vyg=10
a=ad,+agliy a,=7—-10% ag=10+210

angular velocity o =6 (rad/s),

angular acceleration a = 6 (rad/s?)

N — revolution per minute (rpm) ,

f — cycles per second (Hertz — Hz), f = N/3600
w=N-(2r)/3600 (rad/s), w=2m-f
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Projectile Motion
For +y upward and constant vertical acceleration a, = a:

Vy = Uyg + act
Y = Yo + vyt + (1/2)a,t?
vy = 5o+ 2a:(y — yo)
For horizontal motion with a, = 0:

X = Xg + Uyt
For ideal projectile motion near Earth's surface:

a, =0, a, =—g
For a horizontal launch from height h:
tr =4/2h/g, R =vy - ty, vy, =—g-tf

v
VUsp = /v,? + vﬁ, 6 =tan™?! (—'é')

Relative Motion: Tp =T, +7p/4
Vp = Vy + UB/A
ag = a, + aB/A

Particle Kinetics

YF=md Cartesian: F, =ma, YF,=ma,

n-t: YF, =ma, YF, =ma,

Weight: W= mg r-0: YF =ma,, YFs=may

Common Force Models

Static friction (no slip): |f;| < usN, Kinetic friction (sliding): fi, = w.N
Quadratic drag MODEL: Fp = % p.:CpAvsp?, opposing ¥

pair = air (fluid) density, Cp = drag coefficient, A = frontal area. An

approximate model, not an exact law.

Differentiation: for any two functions u(t) and v(t)
Product rule:

d ) dv N du
—uwr)=u—Tv—
dt dt dt
Chain rule
dy dydx
dt dxdt
Useful dynamics form:
dvs, dvgpds dvgy
dt ds dt P ds
Notation Used on This Sheet
r position vector
1—; velocity vector
vsp speed, scalar magnitude of the velocity vector
a acceleration vector
i /]\ i( Cartesian unit vectors
)
ﬁt ﬁn tangential and normal unit vectors
7
ﬁr ﬁg polar unit vectors
7
p radius of curvature

Formula Summary-Chapters 1-3




     (   v  s p )  a v g =   𝛥 s  𝛥 t ,                   𝒗 →  a v g =   𝛥   𝒓 →  𝛥 t ,        (   v  s p )  a v g =     s  T  𝛥 t


  a =   d   v  s p  d t ,       v  s p =   d s  d t ,     a   d s =   v  s p   d   v  s p


  a   =     a  c


    v  s p =   v  s p , 0 +   a  c t


  s =   s 0 +   v  s p , 0 t +  1 2   a  c   t 2


  s =   s 0 +   v  s p , 0 t +  1 2   a  c   t 2


    v  s p 2 =   v  s p , 0 2 + 2   a  c  ( s −   s 0 )


    v  s p 2 =   v  s p , 0 2 + 2   a  c  ( s −   s 0 )


    𝒓 → = x   𝐢 ^ + y   𝐣 ^


    𝒗 → =   d   𝒓 → dt =   v  x   𝐢 ^ +   v  y   𝐣 ^     v  x =   x . ,     v  y =   y .


    𝒗 → =   d   𝒓 → dt =   v  x   𝐢 ^ +   v  y   𝐣 ^     v  x =   x . ,     v  y =   y .


    𝒂 → =   d   𝒗 → dt =   a  x   𝐢 ^ +   a  y   𝐣 ^           a  x =   x ¨ ,     a  y =   y ¨


    𝒂 → =   d   𝒗 → dt =   a  x   𝐢 ^ +   a  y   𝐣 ^           a  x =   x ¨ ,     a  y =   y ¨


    v  s p =  |   𝒗 → | =    v  x 2 +   v  y 2


   |   𝒂 → | =    a  x 2 +   a  y 2


  𝒏 ,   𝒕


    𝒗 → =   v  s p     𝐮 ^  t =   s .     𝐮 ^  t


    𝒂 → =   a  n     𝐮 ^  n +   a  t     𝐮 ^  t


    𝒂 → =   a  n     𝐮 ^  n +   a  t     𝐮 ^  t


    a  t =     v .  s p =   v  s p   d   v  s p  d s ,       a  n =     v  s p 2  𝜌


    a  t =     v .  s p =   v  s p   d   v  s p  d s ,       a  n =     v  s p 2  𝜌


  𝜌 =      [ 1 +    ( d y / d x ) 2 ]  3 / 2   |   d 2 y / d   x 2 |


  𝜌 =      [ 1 +    ( d y / d x ) 2 ]  3 / 2   |   d 2 y / d   x 2 |


  𝑷 𝒐 𝒍 𝒂 𝒓   𝒓 , 𝜽  


    𝒓 → = r     𝐮 ^  r + z   𝐤 ^


    𝒗 → =   v  r     𝐮 ^  r +   v  𝜃     𝐮 ^  𝜃


    v  r =   r . ,                   v  𝜃 = r   𝜃 .


    𝒂 → =   a  r     𝐮 ^  r +   a  𝜃     𝐮 ^  𝜃


      a  r =   r ¨ − r     𝜃 . 2 ,        


      a  𝜃 = r   𝜃 ¨ + 2   r .   𝜃 .


  a n g u l a r   v e l o c i t y         𝜔 =   𝜃 .      ( r a d / s ) ,        


 


  N − r e v o l u t i o n   p e r   m i n u t e    ( r p m )  


  f − c y c l e s   p e r   s e c o n d    ( H e r t z − H z ) ,       f = N / 3600


  𝜔 = N ⋅ ( 2 𝜋 ) / 3600


  ( r a d / s )


  𝜔 = 2 𝜋 ⋅ f


    a  y   =     a  c


    v  y =   v  y 0 +   a  c t


  y =   y 0 +   v  y 0 t + ( 1 / 2 )   a  c   t 2


  y =   y 0 +   v  y 0 t + ( 1 / 2 )   a  c   t 2


    v  y 2 =   v  y 0 2 + 2   a  c  ( y −   y 0 )


    v  y 2 =   v  y 0 2 + 2   a  c  ( y −   y 0 )


    a  x   =   0


  x =   x 0 +   v  x 0 t


    a  x = 0 ,       a  y = − g


    t  f =  2 h / g ,     R =   v    x 0 ⋅   t  f ,       v  y = − g   ⋅ t  f


    v  s p =    v  x 2 +   v  y 2 ,     𝜃 =  tan  − 1  (    |   v  y |    v  x )


    v  s p =    v  x 2 +   v  y 2 ,     𝜃 =  tan  − 1  (    |   v  y |    v  x )


      𝒓 →  B =     𝒓 →  A +     𝒓 →  B / A


      𝒗 →  B =     𝒗 →  A +     𝒗 →  B / A


      𝒂 →  B =     𝒂 →  A +     𝒂 →  B / A


      𝒂 →  B =     𝒂 →  A +     𝒂 →  B / A


  ∑   𝑭 → = m     𝒂 →


  ∑   F  x = m   a  x ,       ∑   F  y = m   a  y


  ∑   F  n = m   a  n ,       ∑   F  t = m   a  t


  𝜃 :


  ∑   F  r = m   a  r ,       ∑   F  𝜃 = m   a  𝜃


  |   f  s |   ≤     𝜇  s N


    f  k   =     𝜇  k N


    𝒗 →


  f o r   a n y   t w o   f u n c t i o n s     u  ( t )   a n d   v ( t )


    d  d t  ( u v ) = u   d v  d t + v   d u  d t


    d y  d t =   d y  d x   d x  d t


    d   v  s p  d t =   d   v  s p  d s   d s  d t =   v  s p   d   v  s p  d s


    𝒓 →


    𝒗 →


    v  s p


    𝒂 →


    𝐢 ^ ,   𝐣 ^ ,   𝐤 ^


      𝐮 ^  t ,     𝐮 ^  n


      𝐮 ^  r ,     𝐮 ^  𝜃


  𝜌

