










PROCEDURE FOR ANALYSIS (continued)

Equation of Motion

• If the forces can be resolved directly from the free-body

diagram (often the case in 2-D problems), use the

scalar form of the equation of motion. In more complex

cases (usually 3-D), a Cartesian vector is written for every

force and a vector analysis is often best.

• A Cartesian vector formulation of the second law is

ΣF = ma or

ΣFxi+ΣFyj+ΣFzk = m(axi+ ayj+ azk)

• Three scalar equations can be written from this vector

equation. You may only need two equations if the motion is

in 2-D.
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PROCEDURE FOR ANALYSIS (continued)

Kinematics

• The second law only provides solutions for forces and

accelerations. If velocity or position have to be found,

kinematics equations are used once the acceleration is

found from the equation of motion.

• Any of the kinematics tools learned in Chapter 12 may be

needed to solve a problem.

• Make sure you use consistent positive coordinate directions

as used in the equation of motion part of the problem!
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EXAMPLE

• Given: The 200lb mine car is hoisted

up the incline. The motor M pulls in the

cable with an acceleration of 4 ft/s2.

• Find: The acceleration of the mine car

and the tension in the cable.

• Plan:
1 Draw the free-body and kinetic diagrams of the car.
2 Using a dependent motion equation, determine an

acceleration relationship between cable and mine car.
3 Apply the equation of motion to determine the cable

tension.
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EXAMPLE (solution)

Solution

1. Draw the free-body and kinetic diagrams of the mine car:

• Since the motion is up the incline, rotate the x− y axes.
• Motion occurs only in the x-direction. We are also

neglecting any friction in the wheel bearings, etc., on the

cart.
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2. The cable equation results in sp + 2sc = lt
Taking the derivative twice yields

ap + 2ac = 0 (1)

The relative acceleration is ap = ac + ap/c.
As the motor is mounted on the car,

ap/c = 4 ft/s2. So,

ap = ac + 4 ft/s2 (2)

Solving equations (1) and (2), yields

aC = 1.333 ft/s2
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3. Apply the equation of motion in the x-direction:

m = 200/32.2 = 6.211 slug

(+ր) Fx = max

3T −mg(sin 30◦) = max

3T − (200)(sin 30◦) = 6.211(1.333)

T = 36.1 lb
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CHECK YOUR UNDERSTANDING QUIZ

1. If the cable has a tension of 3 N,
determine the acceleration of block B.

(a) 4.26m/s
2
↑

(b) 4.26m/s
2
↓

(c) 8.31m/s
2
↑

(d) 8.31m/s
2
↓

ANS: (d)

2. Determine the acceleration of the block.

(a) 2.20m/s
2
↑

(b) 3.17m/s
2
↑

(c) 11.0m/s
2
↑

(d) 4.26m/s
2
↑

ANS: (a)
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GROUP PROBLEM SOLVING

• Given: WA = 10 lb, WB = 20 lb,

voA = 2 ft/s(→), and µk = 0.2

• Find: vA when A has moved 4 feet to

the right.

• Plan: Since both forces and velocity

are involved, this problem requires both

the equation of motion and kinematics.

• First, draw free body diagrams of A and B. Apply the

equation of motion to each.

• Using dependent motion equations, derive a relationship

between aA and aB and use with the equation of motion

formulas.
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GROUP PROBLEM SOLVING (Solution)

• Free-body and kinetic diagrams of B:

Apply the equation of motion to B:

+ ↓ ΣFy = may

WB − 2T = mBaB

20− 2T =
20

32.2
aB (3)

• Free-body and kinetic diagrams of A:

Apply the equations of motion to A:

(+ ↑) ΣFy = may = 0

N = WA = 10 lb

f = µkN = 2 lb

(+←) ΣFx = max

f − T = mAaA

2− T =
10

32.2
aA (4)
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• Now consider the kinematics.

Constraint equation:

sA + 2sB = constant

vA + 2vB = 0

Therefore

aA + 2aB = 0

aA = −2aB (5)

(Notice aA is considered positive to

the left and aB is positive downward.)
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• Now combine equations (3), (4), and (5)

Constraint equation:

T =
22

3
= 7.33 lb

aA = −17.16 ft/s2 = 17.16 ft/s2(→)

• Now use the kinematic equation:

(vA)
2 = (v0A)

2 + 2aA(sA − s0A)

(vA)
2 = (2)2 + 2(−17.16)(−4)

vA = 11.9 ft/s(→)
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ATTENTION QUIZ

1. Determine the tension in the
cable when the 400 kg box is

moving upward with a 4 m/s2

acceleration.

(a) 2265 N

(b) 3365 N

(c) 5524 N

(d) 6543 N
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60
◦ a = 4m/s2

T

ANS: (c)
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