ME 274 Lecture 4

Eugenio “Henny” Frias-Miranda
1/21/26

Feel free to call me Eugenio, Henny, or Mr. Frias.
Whatever you feel most comfortable with!!



Housekeeping

* Quiz 1 due tonight!!

« HW 3 due tonight!!

» Other quizzes will be due at the end of class

» Tutorial room ME2142

» Office hours will be held after class in ME2142



(Joint as in combined/together)

High Level Overview to Joint Description —
Combined Usage of the 3 Descriptions

Last week, we had a lecture explaining each. Today, we will be using all 3 and converting between them
r

Cartesian Path Polar
description description description

[pg. 30]

The kinematics of velocity and acceleration may be described in Cartesian, path, or polar
coordinates (figure above).

The main difference between these is how we define our unit vectors




Cartesian, Path, and Polar velocity and

acceleration equations

velocity vector

v=Xxi+Yyj ;  Cartesian
—ve . . path
=re.+r0ey ; polar

This slide is just serving as a reminder/quick reference.

acceleration vector

a=xXi+yj . Cartesian
2
=ve + ? e, ;  path

= (i‘ —r6* ) e, + (né + 21"9) eg ; polar

[pg. 51]




Overview on how to convert between
descriptions

« Two steps: h - r
1. Writingl_ lof description X in terms of description Y (iey Istep)

i = cosOe, — sinb ey e, = cosOi + sin@j
j=sinfé. + cos0é, 69 = —sinbi +cosO |
[Pg. 52]
. [ = 1 [ ——— — . . . . .
2.Useeither (i) _ _ _ orgipt methods for /ike kinematic descriptions

(ie the two descriptions you just did trig for) to solve and get the converted vector
« This is better shown in an example... next two slides

[Bottom half of pg. 51]



Motivating example 1: Polar to Cartesian

Given: ¥ = (10é, — 20éy) m/s and @ = (3é, + 2é5) m/s
Find: Cartesian components of velocity and acceleration when . 6 = 36.87°

1. Trigonometry Step:
For Projection method: For Coefficient Balancing method:

[pg. 52 content]



Motivating example 1: Polar to Cartesian (cont.)

2. Projection Method:
2a. Using the equations we built from trig... :

1 = cos fé, — sinféy = 0.8¢, — 0.6é4
j = sinfé, + cosfeyg = 0.6¢€, + 0.8¢y

2b. The vector projection of vector v onto a unit vector u is:

P= = (0.8¢, — 0.6¢9) ® (10¢, — 20é¢) = (0.8)(10) + (—0.6)(—20) = 20 m/s
g= 1= (0.6, + 0.889) @ (10&, — 20¢) = (0.6)(10) + (0.8)(—20) = —10 m /s
P = 1= (0.8, — 0.6¢y) ® (3¢, + 2¢p) = (0.8)(3) + (=0.6)(2) = 1.2 m/s?

ij= 1= (0.66, +0.8¢) ® (3¢, + 2¢9) = (0.6)(3) + (0.8)(2) = 3.4 m/s*

Results:

7= (207 — 105) m/s

d= (121 + 3.4)) m/s>

[Pg. 52 content]
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Motivating example 1: Polar to Cartesian (cont.)

3. Coefficient Balancing Method:
3a. Using the equations we built from trig... :

F____

ér = cos i 4 sinfj = I

h____

Results: (same as projection method)

7= (200 — 107) m/s a = (1.2: + 3.43) m/s2

[Pg. 52 content]
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Motivating example 2. Cartesian to Path

« Given: = (30i—407) m/sand @ = (—107) m/s?
« Find: speed [v], rate of change of speed [v*dot], radius of curvature [rho]
1. Finding speed [v]:

V= _!: /302 + 402 = 50 m/s 4. Takeaway: ;- o
Why are we highlighting this problem? | '

2. Finding rate of change of speed [v*dot]: - - -
| = . . « This relationship is useful in problems involving

T= 1= & = 302 = ik 0.8 path coordinates

—— L 50
e -~ . A, 103y 2
0 =l = (0.6¢ — 0.87) @ (—107) = 8 m/s

=y | = a2 =t : - v? 502 2500
a= al® = = — = m
L & o - l I I P /I(_[P 2 /102 — ]2 6

S —

[Pg. 53 content] ¢



Example 1.C.1

Given: A rocket is traveling at an altitude at which the gravitational acceleration is known to be
g = 26.5 ft/ s2. The thrust force on the rocket produces an acceleration of ar = 29.3 ft / s? along
the axis of the rocket. At the position shown (# = 36.87°) the speed of the rocket is known to be
v = 2800 ft/s.

Find: Determine:
(a) The rate of change of speed of the rocket at this instant; and
(b) The radius of curvature for the rocket’s path at this instant.

4

[pg. 54]
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Example 1.C.1 P . 6 "\

Given: A rocket is traveling at an altitude at which the gravitational acceleration is known to be
g = 26.5 ft/ s2. The thrust force on the rocket produces an acceleration of ar = 29.3 ft /S2 along
the axis of the rocket. At the position shown (0 = 36.87°) the speed of the rocket is known to be
v = 2800 ft/s.

Find: Determine:
(a) The rate of change of speed of the rocket at this instant; and
(b) The radius of curvature for the rocket’s path at this instant.

F= 2800 Stk

arp




Example 1.C.2

Given: Pin P is constrained to move in the slotted guides that move at right angles to one another.
At the instant shown, guide A moves to the right with a speed of vy, a speed that is changing at
a rate of v4. At the same time, B is moving downward with a speed of vg with a rate of change of
speed of vpg.

Find:

(a) The rate of change of speed of P at this instant; and
(b) The radius of curvature p of the path followed by P at this instant.

Use the following parameters: v4 = 0.2 m/s, vp = 0.15 m/s, 04 = 0.75 m/s2 and vg = 0.

T
|LX
—L

VA

[pg. 59]
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Example 1.C.2 P'SB

Given: Pin P is constrained to move in the slotted guides that move at right angles to one another.
At the instant shown, guide A moves to the right with a speed of v4, a speed that is changing at
a rate of v4. At the same time, B is moving downward with a speed of vg with a rate of change of
speed of vp.
Find:

(a) The rate of change of speed of P at this instant; and {j’

(b) The radius of curvature p of the path followed by P at this instant. P

Use the following parameters: v4 = 0.2 m/s, vg = 0.15 m/s, 94 = 0.75 m/s? and o5 = 0.

\?A =0. A w/5 , @;z@,’v‘sm/,v
\JIp=0.lsmis , Up=0O m/s*

Va



Example 1.C.3

Given: The path of point P is given in polar coordinates as: r = 4 + 26, where r 1s given in meters
and 6 is given in radians. The angle # is increasing at a constant rate of 6.

Find: Determine: _
(a) The acceleration vector of P when 6 = 7, if § = 3 rad/s; and
(b) If the speed of P increasing, decreasing or constant?

[pg. 56]

12



Example 1.C.3 p 6 6

Given: The path of point P is given in polar coordinates as: r = 4+ 26, where 7 is given in meters
and 6 is given in radians. The angle 6 is increasing at a constant rate of 6.

Find: Determine: )
(a) The acceleration vector of P when ¢ = =, if # = 3 rad/s; and

(b) Tf the speed of P increasing, decreasing or constant? ~ what is the sign a( r‘ptsg 41«74
o‘ ’P‘LJ (L¢ éf)

<

(=4H+20 r=4+2e = Hean
9277' dw’". tvle )
O = 3 radfs fowtt)  TTROFRE

g:O .(:=Qé:0

U= ierrrd2 = vés
P&t rO%

. e —_ oA v25
A = (7-rdY)ert(ar+r8)éo = Vet Fe




Example 1.C.4
Given: At the bottom of a loop, an airplane P has a constant speed of vp with the radius of
curvature for the aircraft being p. The airplane is at a radial distance of » and at an angle of 6

from a radar tracking station at O.

Find: Determine numerical values for 7 and @ at this instant in time.

Use the following: vp = 75 m/s, p = 3000 m, » = 1000 m and 6 = 36.87°.

[Pg. 57]
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Example 1.C.4

p-5+
Given: At the bottom of a loop, an airplane P has a constant speed of vp with the radius of
curvature for the aircraft being p. The airplane is at a radial distance of » and at an angle of
from a radar tracking station at O.

Find: Determine numerical values for # and @ at this instant in time.

Use the following: vp = 75 m/s, p = 3000 m, » = 1000 m and ¢ = 36.87°.




Summary: Particle Kinematics - Joint Description

PROBLEM: Motion of a point described in a combination of descriptions.

[pg. 30
& 51]

SOLUTION: Projection of vector onto different set of unit vectors. Examples:

Cartesian Path Polar
TA
path of P path of P path of P °R
P
0
By v NN,
O (IP ee

. . V,=v,e 5 — RS 5
§p =i+ P~ 'P% Vp ReR+R(9q9
iy =i +3) ﬁP:vPét+v_Pé (7P:(R—R9‘)eR+(R9+2R0)ee

X=V,ei

F=dpei

[pg. 53,

bottom half]

v : .
; ] [ ] 2 — 7 [ ] P = v [ ] > p— v [ ] 5
Vp=dpee =dp {A‘J R=vpee, RO=v,ee,
Vp
V2 . . . ..
L=d,.e R-R6*=d,-é, RO+2RO=dp-¢,
P
[~pg. 53, [pg. 53,
motivating bottom half]
example]

Lec 4 Short
Feedback Form:

me 274 - cmk



