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Panel 3

Kinematics
{the geomeny of the motion)

e

Felative motion notation Basic kinematic relationships Dependent motion
di a8 1) Define position vectors
fy =8+, vE— B=— 2)  Write 2 constraint equation
S +f y at at (length of cable, for example)
‘_" :B :" L i -4 a -48 3) Differentiate to get an equation
Ay =gty de dt that relates the
velocities/accelerations

Separate varables and

integrate Represent i?‘d.\f:'erlcm \
/’/ coordinate systems Define position vectors and

Acceleration not constant affirmnbiate
aff): use a= dv
1): us =
dv
a(x) wea= vd— Nommal and Tangential [Polar Coordimates
x : 5 = =
oordi " ¢ =18, + di o .
Use analogous expressions for a(8), alt) CE ‘_am"' ¥ %‘e i ‘d‘% - ‘f“ +6xQ
Ve i=li-18% B, =6+ 2168, oyt Oy
| * 2 e = (Q is any vector)
‘ i=ag+ay a =\‘e,¢.—T /
[Constant acceleration [Fixed Axis Rotation
s Rot:
x=xy vt ‘rlat: Translation C'F =gx ‘F o (Magnitude is @, direction is
2 (8 = constant) ieul
vEy, tat vy =vp perpendicular to 1)
T ey i, =axi,, +oxlexy,)
vi=vg4+lalx=x,) LT ar perpendicular tor and General Plane
. S pep- 5 Moti
(there are analogous o't directed from p to the fixed point O Gz
lexpressions for @,0,6 and t)

(General Plane Motion (translation-rotation) /
VA=V +¥yp

|General Plane Motion (rotating axis)
Tp =T+l +BXL,

By miy iy FAXT, +Ox(BXE,, J#20x T

Projectile Metion =g+ @I, g
x-direction: x =xg + v t.vo = Vg,

i, =dgtiy e
y-direction =ig+nty g +Ox(Bxiy gl
yEygrvgt=tett v, =ve —ghvy = vy ~2zly-ve)

sigtxiy g -oisliys)

3

Panel 4

Relative Motion

All motion is relative. We have to have some frame of reference (coordinate system) in order
to measure position, velocity and acceleration.

Two groups:
1) Fixed or Inertial
a. Don’t actually exist

b. Acceleration is small enough we can consider it to be fixed.
2) Moving reference systems
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Relative Motion

Panel 5
Relative motion
y
; B
BlA
A O = origin of fixed coordinate system
7 A = origin of moving coordinate system
Fy B = another moving point
(0] X
(N
L 4 A A
‘— Position of B with respect to A
Position of B Position of A
Note: This is a vector equation. We can
1. Draw vector triangles
2. Write as components and equate components.
Differentiate Eq. 1
F,%:‘Fe"'r4 (2)
Differentiate Eq. 2.
dy=d,+ay. , 3)
5
Panel 6

Example: What is the direction of the velocity of car B with respect to car A? E l
Ve

6
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Panel 7

Example 2
A drop of water falls with no initial speed from point A of a highway overpass. After dropping 6 m,

it strikes the windshicld of a passing car that is traveling at a speed of 100 kmvh on a horizontal road.
el

!:'rl- indehiald g tnplinad 09 from the vert 1 b, le 0 rolatiye 10 th,

Start by finding

— —
Vcar & VDrop

=
Find VDropICar

Panel 8

Example 2
A drop of water falls with no initial speed from point A of a highway overpass. After dropping 6 m,

it strikes the windshicld of a passing car that is traveling at a speed of 100 kmvh on a horizontal road.

If the windshield is inclined 60° from the vertical as shown, determine the angle 0 relative to the
normal n 1o the windshield at which the water drop strikes.

Solution
Sheet

Relative Motion
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Panel 9

Example 2
A drop of water falls with no initial speed from point A of a highway overpass. After dropping 6 m,
it strikes the windshield of a passing car that is traveling at a speed of 100 kmvh on a horizontal road.
If the windshield is inclined 60° from the vertical as shown, determine the angle 0 relative to the

normal n to the windshield at which the water drop strikes.

cav

Vew = 27.8 24

VA
- [o0)
o Bfe95 %

9

Panel 10

Find VDropﬁCsr

(

The raindrop strikes the windshield at an angle of 38.7 degrees
compared to tl“‘l"(')lormal direction of the windshield
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Panel 11

Known : The two blocks shown have very smooth surfaces. They are held in the configuration shown and at time
zero are suddenly released.

Find : What is the initial acceleration of each block?

Given:  The mass of block A is 20 kg and the mass of block B is 50 kg. Friction can be neglected.

Strategy : We want to use the rate form of the conservation of linear momentum principle. This form will have the
desired acceleration terms and the applied forces of weight and the wall/floor reactions. The big question
is what to choose as the system: both blocks together or each block separately? Unfortunately, the answer
is not readily obvious. If we consider the two blocks together, there is no easy way to inform our model
that there is no friction between them. We therefore need to examine both blocks separately, being sure
to remember that the contact force between the blocks is perpendicular to the contact surface and equal
and opposite. Having applied the kinetic equations, we may need to use the kinematic relationship of
relative acceleration to get enough equations to solve for our unknowns.

11
Panel 12
Your efforts prior to seeing solution
FED KD FBD KD
B B
Corrected Solution
FBD KD FBD KD
B B
12
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Panel 13
KD ¥ KD
T B/‘
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X-dir rate equation (Block A)

Y-dir rate equation (Block A)

X-dir rate equation (block B)

Y-dir rate equation (hlock B)

Panel 14

Eg |
)

2
3
o

Kinermatic equation

| Unknowns

What is the direction of a.»?

Relative Motion
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Relative Motion

Panel 15
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Panel 16
Example problem

> mA:=20:
> mB:=50:
> theta:=30"Pi/180:
> g:=9.81:
equations
> eq1:=Na-Nab"sin(theta)=0;
> eq2:=mA*g-Nab”cos(theta)j=mA*aA;
> eq3:=Nab*sin(theta)=mB"aB;
> eq4:=Nb-mB*g-Nab*cos(theta);
> eq5:=aA=aB"tan(theta);

1
eql = Na = Nab=0
|
eq2 :=196.20 5 Nab |3 =20 aA
|
eq3 = _ Nab = 50 aB
eg4 = Nb - 490.50 - _l),\"an'?‘ 3

: 1
eq5 = ad ]uH_"‘

> solve({eq1,eq2,eq3,eq4,eq5});
{ad = 1.154117647, Nb = 663.6176471, Nab = 199.8990402, aB
Na = 99.94952011 }

16

1.998990402,
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