Fundamental Equations of Dynamics L S .

KINEMATICS Equations of Motion
Particle Rectilinear Motion Particle | 2F = ma
Variable a Constant a = a, Rigid Body 2F, = m(ac),
dv (Plane Motion) 2F, = m(ag),
a= E v=1 t+ ad EM(;:IGa or EMP=2(.Mk)p
ds Principle of Work and Energy
v=;i—t s=s0+v0t+%act2 ' +U-, =T,
ads = vdv 2 = v} + 2a(s — sp) Kinetic Energy |
Particle l T = Emv2
Particle Curvilinear Motion —
Coordinates r, 8, z Coordinates Rigid Body
brz - 0 — S _ ' (Plane Motion) T = imvd + 1 Ige?
Vy =X a, =x v =r a, =+ ~ro? Work
v, =y a, =y vg=r8 ag=r0 +2/6 Variable force Usr = /F cos 8 ds
V2 =2 4 =2 v =2 =1 Constant force Ur = (F,cos8) As
n, t, b Coordinates Weight Uy = — WAy
. = —(lp2_ 1,0
v =g a = =vﬂ Spring U, (3 ks3 — 5 ksi)
ds Couple moment Uy =M A0
) [1 + (dy/dx)*? Power and Efficiency
a, = — = —
" Y P Idzy/dle P = %(tl =F-v ¢ =f’_out= Zaut
. . i i
Relative Motion Conservation of Energy Theorem
VB=VA+VB/A 83=3A+aB/A T1+VI=T2+V2
Rigid Body Motion About a Fixed Axis FPotential Energy .
Variable a Constant a = a, V=V + V., whereV, = £Wy,V, = taks
do Principle of Linear Impulse and Momentum
=— =wy + a.t
*Td @I e T % Particle ’ mv; + X / Fdt = mv,
a9 12
=— 0 =6y + wyt + Lo N
YT o F et ¥ g Rigid Body l m(vg) + = / Fdt = m(vg),
wdo = adb w? = w§ + 2a.(8 — 6p) . ]
) Conservation of Linear Momentum
For Point P , Z(syst. mv), = Z(syst. mv),
=@ = = n = R . . —
ST o e I T Coefficient of Restitution , — (?2)2=(V4)2
Relative General Plane Motion —Translating Axes (va)h—(vah
VB = Va4t Vpapiny 83 = 84 + Bp/apin) Principle of Angular Impulse and Momentum
Relative General Plane Motion—Trans. and Rot. Axis Particle (Hp), + = / My dt = (Hp),
v =vVs + Q Xrg + (vga),
B TA T T AB/A (VB4)xy2 where Hp = (d)(mv)
aB=aA+QXrB/A+QX(Q><rB/A)+
20 x (vB/A)XyZ + (aB/A)X,VZ ngld Body (HG)l + E/MG dt = (HG)2
KINETICS (Plane motion) where Hg; = Igw
Mass Moment of Inertia ! = /’2 dm (Hoh + 23/Mo dt = (Ho),
Parallel-Axis Theorem I=1I+ mad® where Hp = Ipw
Radius of Gyration Kk = 1 Conservation of Angular Momentum
m Z(syst. H); = Z(syst. H),

area of triangle = base x height/2
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Text Box
area of triangle = base x height/2
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Quadratic Formula Derivatives
-b+ Vb - 4 d _ _,du
Ifax? + bx + ¢ = 0,then x = 2 ac E(V") = nu" 15
Hyperbolic Functions d ) = dv | du
ef—e”* ef+e* sinh x dx Y T T Vax
sinh x = ,cosh x = Jtanh x = o
2 cosh x fi’i _ dv
Trigonometric Identities d (E) Yax Vax
A C d -
sin0=—C—,Qsco9=z TAY v’
B C d _ , du
cos § = C’ secd = B c E(cot u) = —csc ua
A B
tan 8 B’Cow A P E(secu) = tanusecud—z
sin’@ + cos? @ = 1 B
. = . 3 d d
sin(@ + ¢) = sin 6 cos ¢ + cos 0 sin ¢ d—(cscu)=—cscucotud—u
sin 260 = 2 sin 6 cos 6 * *
_ . . d d
cos(f + ¢) = cos 0 cos ¢ T sin 6 sin ¢ d—(sin u) = cos ud_u
cos 26 = cos? @ — sin® 0 * *
[1+ cos20 . [1 — cos 26 d du
cosf =+, (———,sml =%,/ —(——— Thadl = —gin y—
) 2 i (cos u) sinu_

1 + tan®0 = sec? 9

1 + cot’@ = csc? 6

Power-Series Expansions

d, o, du
dx(tan u) = sec“u i

d . _ du
E(smh u) = cosh U

3 3
Sinx =x— o+ - sinhx = x + = + -
3! 3!
d . du
2 2 E(cosh u) = sinh u—
cosx=1—§+--- coshx=1+§+---




Integrals
"dx = ! +C,n# -1
rArE T ’
dx 1
= —In(a + bx) + C
/a + bx bln(a %)
dx 1 a+ xV—ab
3 = In +C, ab <0
a + bx: 2V —-ba a— xV—ab
xdx 1 2
=— +a) +
/ a+bx> 2b In(bx" +a) + €,
2 \/
/"d"z:f— 4 _tan 12V L ¢ b > 0
a+ bx b pVab a
dx 1 la+x 2 2
=— >
/az—xz\. Zam[a—x] +C,a x

Va+ bxdx = %\/(a +bx*+C
—-2(2a — 3bx)V(a + bx)} N

C
1562

/x\/a + bxdx =
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2Va + bx

b

+C

/ dx _
Va+ bx

d
A Pidec
Vx-+ta
dx 1
= —In{Va + bx + cx?
/\/a+bx+cx2 Ve [ ¢ roTe
b
+ +——=|+C,c>0
xVc 2%] c
1 ._1(—2cx—b)
= sin"| ————=—]+C,c>0
v—cC V'b? — 4dac

/sinxdx = —cosx +C

/cosxdx =sinx + C
1 X .

/ x cos(ax) dx = —cos(ax) + ;sm(ax) +C
a

/ x% cos(ax) dx = 2—)zccos(ax)
a

2

ax2

/x 1056°
/\/a2 - x2dx = %[x
/x\/xz + a’dx =%\/(x2 +a®)+C

/xz\/a2 — x*dx = —f:-\/(a2 - x??

a2—x

NG+ brdx = 2(8a° — 12abx + 15b°x°)V(a + bx) N

L X
2 + a?sin 1;}+C,a>0

C

+ sin(ax) + C

e
1
e¥dx =—-e*+C
a
eax
xe**dx = 7(ax -1)+C

sinhxdx = coshx + C

coshxdx =sinhx + C

— — —

2
+a—(x a2—x2+a2sin_1£)+C,a>0
8 a
/\/x2:tazdx=%[x\/x2ﬂ:a2ﬂ:azln(x+ xz:taz)]+C

/x\/a2 - xtdx = —%\/(a2 - +cC

2
/xz\/x2 + a’dx =% P +ad?)F %x\/xz + a?

- %ln(x + Vi + a2) +C




Cylinder

I,=1,= —%m(3r2+hz) I.= —%I}TI""

Cone

Hemisphere
[.=1,= 0.259m I.= %mr2

Ly =1y =gm@r+h?) L= Zmr

Thin Circular disk
Ly =L,= }trm3 I.= %mr’- L.= %77112

Thin ring

S~
i

_ 1,2 _ )
Ly =gzmr~ L = mr






