
ME 274: Basic Mechanics II
Lecture 5: Relative and Constrained Motion



Motion is measured relative to a point
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So far, we have described:
• Motion of a single point
• Measured relative to a fixed reference point, 𝑂

Motion is not absolute → depends on the observer
• What do we do if we have multiple moving points?
• How do we describe motion of one body as seen 

from another? 𝑟

60 mph 60 mph

1D Example: trains crossing at a station

What is the speed of the red train observed from the platform?

What is the speed of the red train observed from the blue train?

0

- 60 mph

- 120 mph



Relative position: where one point is as seen by another

The position of point B relative to point A is given by the vector  𝑟஻/஺ = 𝑟஻ − 𝑟஺

Note: 
• 𝑟஻/஺ points from A TO B
• 𝑟஻/஺  ≠ 𝑟஺/஻ ← same magnitude, opposite direction

Relative velocity and acceleration can be found by taking time derivatives

B/A → B with respect to A
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Example 1.D.1
↳ = 50VB =-10

V1 - 80VA = 10

TBA = GB A

, -VE in
502£, =-10ée + co-s) in

=-102£-5000 Én
£3 = 10J - 50002

a- + =-Vaj = toj

⑦ Bra = 10J-50002-(-10J)
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Example 1.D.2

TB -VB]

> VA/B = VA/BV

VA - Va (Cos-02 + sinaj)

VA = V3 + Van = VAIB"+ V, J = Va

VA/B = VACOs⊖

U

(cos-02 + sing)

= 1200kt
VB → Vasino ⇒ 4- SEE = 692

VAB = VA Cost = 1200-03 Kny



Constrained Motion – Inextensible Cable

Constrained motion →the motion of one point depends on the motion of the other

Important considerations:
• Length, 𝐿, does not change
• The cable is flexible & can go around pulleys 

• 𝐿 remains constant, but the distance between A and B does not
• The diameter of the pulley does not affect the constraint equation

𝑠஺ 𝑠஻

→ constraint equs

→ da-0

const.

constraint eqn: L = Sa + SB + const.
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Solving Inextensible Cable Problems

→ unique lengths of cable

L- SA + 25C + Sp

O-Va-2Vc + VB

O-Aa + Zac' AB

B

SB
Sf

Sc



a note on connectors in pulley problems:

B
note in many problems (like the one pictured)
you can define your length such that you do
not need to include the connectors in your
constraint equs.

- unless otherwise specified, you can disregard these
connectors.

- if including them kilos your book keeping, you can
label C. , Cr, ↳ & group as a constant

i. e. L = SA + 25#SB + CC,' Cz-Cz)
Iconst

- When you take your derivatives for I & at, this
term = 0

SB

in these problems,
you may see
small "connector- SA-
lengths

E Sc IG

G



Example 1.D.3

Solution: 
1) Define a set of coordinates

2) Write an expression for cable length, 𝐿, in terms of coordinates 

4) Differentiate again to determine acceleration constraint

3) Differentiate the expression for 𝐿 and set 
ௗ௅

ௗ௧
= 0 to determine velocity constraint

L - 45A + 353

0 - 4 VA + 3VB VA = - 3¥13 ⇒ - Ja =-3¥ (-E)

t

O-49,-39, → As =-39-1

SBSA



Example 1.D.4

♂"
constraint equ:

L-Sc" 2 32 + SA + SB

¼-0 = Vc + 2 (½) (9 + SATISA)Va

+ VB

O = Vc- 25A Va

9+55
"V3 → rearrange

& solve for
VA



Example 1.D.4

↳ - 2x, + (const-Xa) ,

2x, + const-XA + 2C,

0 = 2VB ✓ A } sub in ☆ solve
O = 2dB- AA
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