Math Skills Laboratory

MATH ACTIVITIES
Activity 1: Rearranging Symbols in Equations to Solve for Unknowns
Activity 2: Solving Fluid Work Problems

MATH SKILLS LAB OBJECTIVES

When you complete these activities, you should be able to do the
JSollowing:

1. Given the equation for linear work, W = F X D, rearrange the
equation. Solve for force (F) or distance (D).

2. Given the equation for rotational work, W = T X 6, rearrange the
equation. Solve for torque (T) or rotational angle (6).

3. Given the equation for fluid work, W = p X (AV), rearrange the
Equation. Solve for pressure (p) or volume moved (AV).

4. Substitute appropriate numerical values and units in work
equations. Solve the equations.

LEARNING PATH

1. Read the Math Skills Lab. Give particular attention to the
Math Skills Lab Objectives.

2. Study Examples A and B in Activity 1.
3. Work the problems for Activities 1 and 2.
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ACTIVITY 1

Rearranging Symbols in Equations

to Solve for Unknowns

A.

Equations and formulas are used to
express a relationship between several
physical quantities. Equation 1 relates the
concept of work, force and distance, and
expresses this relationship as follows:

Work = Force Distance

= E tion 1
Applied X Moved quation

This equation gives you a way to
determine the value of one physical
quantity if you know the numerical values
of the other two. Equations often are
written with symbols rather than words.
Thus, to simplify Equation 1, use the
following symbols:

W = F xD Equation 2

where: W = work (newton-meters or
foot-pounds)

force (newtons or pounds)
distance (meters or feet)

(wle!
[

Example A: Rearranging Symbols in W = F X D to Isolate F

A technician often must rearrange symbols
in an equation to obtain a different form of
the same equation. Thus, the equation
p= /A can be rearranged to yield F = p x A
or A=%. Each of the three forms is
correct. Sometimes, one’s more useful
than the others. It depends on what you
want to find.

To “solve” an equation means to isolate
one symbol in the equation. To do this,
you perform identical mathematical
operations on both sides of the equation.
Any operation done on one side of the
equation is always done on the other
side. Therefore, care must be taken to do
the following:
e Add or subtract the same quantity
on both sides of an equation.
¢ Multiply or divide both sides by the
same quantity.

Study Examples A and B that follow. They
show how to isolate a certain symbol by
rearranging the given equation.

Given: W=FxD
Find: F
Solution: Step 1: In rearranging the equation W = F x D to isolate or “solve” for F, start with

the given equation, W = F x D.

Step 2: Divide both sides by D to isolate F.

(The D’s cancel out on the right side.)

Step 3: Rewrite the equation with the D’s on the right side removed.

(F has been isolated.)

Step 4: Reverse the order of the equation so that F is on the left.

W _ FxR
D R
w
_=F
D

W
F=—

D

The equation W = F x D has been “solved” for F. The symbol, “F,” has been isolated.

w
The correct equation is F = F
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Example B: Rearranging Symbols in W = T X ¢ to Isolate 6

Given: W=Tx#8

Find: 6

Solution: Step 1: To solve for 6, start with the given equation, W =T x 6.
Step 2: Divide both sides by T to isolate 6.

W Rx 6 . . .
? = T (The T's cancel out on the right side.)
Step 3: Rewrite the equation with the T's on the right side removed.
w
T = 6 (The symbol “6,” has been isolated.)
Step 4: Rearrange with isolated symbol on the left side.
W
6 = —
T

The equation W =T x @ has been “solved” for 6. The symbol “8" has been isolated.

W
The correct equation is 6 = ?

PRACTICE EXERCISES FOR ACTIVITY 1

Use Examples A and B as a guide. Solve the following four equations by isolating the
symbol indicated.

Equation 1: Given: W=FxD Equation 3: Given: W= (Ap) XV
Find: D Find: Ap
Solution: Solution:

Equation 2: Given: W=Tx86 Equation 4: Given: W =p x (AV)
Find: T Find: AV
Solution: Solution:

ACTIVITY 2

Solving Fluid Work Problems

In Activity 1, you rearranged both mechanical and fluid work equations to isolate an
unknown quantity. In this activity, you'll be given numerical values and units to
substitute in certain equations. This will enable you to solve problems and obtain
correct answers. The correct answer contains both the correct numerical value and
proper units.

Problem 1: Given: A pump under constant pressure uses 25,000 joules of energy
(work) to move 30 m® of water.
Find: The pump pressure required to do the work.
Solution:

Problem 2: Given: A pump doing work at a constant pressure of 17.4 Ib/ft* moves
1059 ft” of water.
Find: The work done in moving the water.
Solution:
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Problem 3: Given:

Find:

Solution:

Problem 4: Given:

Find:

Solution:

Problem 5: Given:

Find:

Solution:

An underground pump lifts water 90 ft to the surface and into
the top of a 600-ft’ storage tank whose top is 10 ft above
the surface of the ground. The weight density of water is
p. = 62.4 Ib/ft°.

The work done by the pump to fill the tank.

Hint: First, find Ap (pressure difference). Then find the work
done.

A piston in a hydraulic cylinder is displaced by a constant
pressure of 1500 N/m”. The hydraulic cylinder volume through
which the piston moves is 0.006 m® when the piston is moved
20 cm.

a. The work required to move the piston 20 cm.

b. The total force on the piston if the piston face is 0.03 m®.

An air-conditioner fan provides an air pressure of 0.3 Ib/in’
That's the same as 43.2 Ib/ft>. The air conditioner is in a room
that’s 20 ft long, 15 ft wide and 8 ft high.

How much work does the fan do each time it fills the room with
cool air?

Student Challenge

Problem 6: Given:

Find:

Solution:
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A pressure of 100 lb/in® is applied to the face of a hydraulic
cylinder piston rod. This causes a force of 70.6 Ib on the piston
face.

a. The diameter of the piston face.

b. The volume of fluid moved when the piston moves 10 inches.
c. The work done when the piston moves 10 inches.

© 2012, CORD





