Page V - 1) 1 REVIEW ™ 5: ALGEBRA
BY This is not a course in algebra. Most physlics students
NE have had that. T assume you have. But you still waste
H.R. CRA time (during physics exams!) doing simple things the
UNIVERSITY OF MICHIGAN hard way. The little investment in doing this review
will pay you dividends in grades and time. NOW TURN THkE
a-213%0 PAGE. WE MOVE HORIZONTALLY.
:L S d= b - 9 Try some moves With the
§ aby! B following,
B ( ;
By the way, do me a favor: 2
ft.
k Don't show this review ta (2 2a+5 _mc R
L a mathematlclan, 7 b* |4 b
.8 His hair would stand
: ori end. ~ so as to get ¢% alone on
§~ one side.
t
10 17
(ooOoo | i Now see 1f you can pass the test.
25, +},—/ Given that 292 pennywelghts (dwt) = 256 drams,
2.5‘4-7/ and that 16 drams = 1 oz,
and that 1 oz = 480 grains,
= 1,000,000 am convert 1 dwt into grains.
= I, R
1 dwt x X X = [:::::::) grains
i 24 25
& You can do your "pro- cut down the number of equations. We want to do the
A cessing’ much better opposite. Stamp out sentences and get more equations!
' after all the statements Write, below, all the equations you can get out of
-of fact are neatly lined this worn out o0ld story: "Three boys together earned
, up before you, in the $60. Henry earned $2 less than Ed. Jack earned
] form of equations, ?/ twice as much as Henry."
3 School teachers in- /(;(;
£ vent queer gimicks tg e
i
32 33 DIVISION OF AN EQUATION BY AN EQUATION may not be
How are you holding a proper name for 1it, but 1t 1s a most useful
up? Can you stand a maneuver,
couple more ideas If ab-—cd Now you do the same with these:
before we start h
recapitulating? v and ef = 9 If 4x =3yz X -
then __b. cd and 2X=6Y Then -
/ ef ~ 9n
/
[ )

R e

o

o

The first one.

™

Sl

™m =

S 4l '
ﬁ# What 1f you remember

‘Vjﬁﬁézg;fwuz;u. = 7
that 2as 1is something AL .
but don't remember Jjust

what, Will putting the

units in give you a

cancellation leaves
meters = meters,

clue?

POSTSCRIPT:
less valuable,

little different from one.

would be written I+b or 1-b,

compared to 1.
one way or the other.

This 1s somethlng extra,
in my opinion.
the tricks you can piay wlth numbers that are very

but none the

We are 1lnterested in the
It has to do with
and

fact that a
=|+b
1+b 1=

A number close to one
where b 1s small
b 1s Just that little difference,

l_2,-b
where the little a signifies
"approximately equal to"
But how approximate 1s
approximate? I would like
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The tricks I willl show I will be askling you to do
you aren't new. I'll be some little operation in
"teaching new dogs old nearly every frame. Don't
tricks." (I've glven Just think the answer; do
up the converse.? what 1s asked 1in pencll,
right in the space provided.
Move on now, horlzontally,
£ g CZ = Z(Ea* 53 10
Iy ufv‘ o mb When you were a small potato in school you used to
i Did get cr work a gambit called "cross multiplying". You
right? o strain, 1 changed
’ swsﬁ h everything side : /\ c
5 for side.” (Equal. - -
: signs work both ways, —— T ——— to AD - BC
, you know!) B
18
The same scheme works when units are squared, cubed,
’ 2563& \f’// 480 9~ etc. Suppose we want to convert a volume of 12
292 le&k /}f‘ cubic ft (written 12 ft3) to cublc cm (written
cm3), knowing that 1 ft = 30 cm.
=26.2 g You multiply by QQ_%% as many times as you need to
2.4 e
25 . ,
We're half way ;Jéggr Next we are golng to look at how
H+ E+ J = 60 through. Time ;;:1 you solve the groups of equations
for a break! . - after you have fished them out of
H=E - 2 ' the sentences. A whille ago we had
J = 2H T=M43 and M:%J’
Can you "get rid of" M by a substi-
tution? Do it.
33 3% let's look at Weikx? (This is the formula for the
work, W, done in stretching a spring a distance X.)
Ax 3z Here is a story problem: "If W 1s 5 when X is 3, what
BAMEANERSY J 1s W when X 1s 5?" Take the first half first: "If
2 X é‘j W is 5-when X 1is 3." Substitute these values 1into
W=3kX%® and you get your first equation. It is:
O’L: Z = ‘Z-'—
2
1 meters he
~Sec "’ If you remember that 1n ever Let's
: equation you write (if correct recapltulate
which 1s velocity. the units on the two sides are the briefly.
same, you will use that fact to
Now 1t comes back! help yourself out of a hole every
now and then.
v= Vaas
b = .05, so that you have Here 1s space for 1it.
| )
o5 @nd 5%
and then I would like to
have you do the long
divisions:
l.osJi.00000
amd .75771;;;;;
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Each time put your score 3 Look at this familliar type: Z : ga4
in the small square. € k £m
You can move a symbol in :>‘:
O 1f you miss these ways:
2 1f correct .
1 if in between You can cancel 1in these __%. = +.-—-
ways: «—r
Now proceed E
BR
w
10 ‘ SR B . abi _ d
Cross multiplying 18 - s First you can cross multiply it to get: T
handy when you have =~ cJ fhe
something like: L ' 241 A
ab d R Try this: —I—= —2— Do 1t
cj g = 2 here:
3 - fh 77 2 Y
3 A J
e K 7
18 19
I started by mentioning drachms to dekasteres. It
30«« 30m« 30cm should be easy now. How many dekasteres 1s 10 drachms?
/i’r ’/fgr/ (1 dekastere = 10 cu meters; 1 oz = 30 cu cm;
1 drachm = 1/8 oz; 100 cm = 1 meter.) Get thls and you
get an apothecary's license.
= 324’)000 cm3
26 = { o7
I = I+3 Here are the two we Now that you know that
. started with, just J=8, find what M is.
i which bolls down to & for ready reference: Surprisingly, you can
~ do this from elther
J=28 J=M+3 of the original equations
M= 2T M=1
2 so 1t has to stay W for the Now dividing
present; in fact W 1s the un- your second
Sgif?ow”ﬁggtt?: 363ﬁ2ﬁ known. ) Anyway, substltuting equation by
X 18'59u (You don't into W=ikXx* you get your your first:
have a value for W, second equation, which is:
W= 1
42 43

Funny word,
recapiltulate. Doesn't
mean "surrender again.’
For the rest of the
frames we wlll be like

the bird who always

Get @ on the left sigde,

alone.
2be )@V _ _bla
3c? Yz X*

flew backwards so

he could see where
he had been,

You got
Pretty close to

2 place accuracy.

.9524 and 1.0526.
.95 and 1.05.
Therefore the "approximatilon"
would have been plenty good
in a problem requiring only

What about b = .01?
You would have gotten,
by long divislon,
.99009+ and 1.0101+.

Extremely close to
1-,01 and 1+.01.

More than good enough
for 3 place accuracy.

Golng to a larger b, 1f
b=.1, the result 1s not
very good:
.9 and 1.1

by the approximation;

.909+ and 1.11+
by long divislon.
So we shouldn't work
with b as big as .1.
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MOVE >

cancen  §_ %
Like learnling the

rules of checkers

Now you start dolng the work. In the equation
below, move things around and cancel so as to end
up with only d on the left silde,

gb _ bcae
ecaf = dfg

12 .
One final example, for you to cross multiply.
It's a 1little different.

am
N

T W

ys
O

20 STORY PROBLEMS were invented to make school children

suffer. But you will never see the last of them.

Most of your physics problems will be "story problems."
The hard part 1s translating from the word language
into mathematical language. In other words to get

the problem out of the story form as fast as possible!
That's 3/4 of the battle.

28 You had tWo separéte pieces of information about J

and M (in the form of two equations) and you had to
"use up" both of them, 1n the process of finding the
values of the two unknowns J and M. Do you remember
the general rule about the number of equations
needed for evaluating a given number of unknowns?

(U8}
\

36 Now we'll handle both halves of a "story" 1n one

frame. "If 3 ft. 1b work 1is done in stretching a
certain spring 2 ft, how much work is done in

2
S )tj*’3 stretching it 2.5 f£t? (Still using W = #kX? .)
o, W= 125 #1: Solution
? # by

: dividing:

;43 4y .
If the acceleration of gravity is g = 9.8 meters/sec”,

N 4 what 1s it in miles/hr2 2 Use: 1 mi = 5280 ft and

3 4 X 1m= 3.2 ft. You know how many sec = 1 hr. (we hope!)

% a—_—_

3 be

o E g

True, you say, but how often do we meet a
nunber that is that close to 1? You'll

each of these 1nto a decimal

find quite a lot, 1if you look for them. number, using our approximation
e - 400 method.
would you evaluate =S98 by long dlvision? \ a
No, you recognize 1t as a number close to 1, l.oo32
and wrilte 1t as: _ 2
400 _  _ao0_ |+ 2 37
400-2 |- 2 400 250 &
400 245

Time for you to do a few. Change
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When you move something, cross it out of the old
place boldly and write it in 1its new place. When

ez<:zaz you cancel, do that boldly too. No pussyfooting!
d= gz Do this one, leaving w and nothing else on the
left side.
3wz 3y
10 5
3 § 13 Enough moving and cancelling for now. How are you
4V;TY;; _ T at converting from drachms to dekasteres? Try not
2 - 3 to be bqQred while we start real simple and convert
15 ft into inches. 12 in = 1 ft, so we can wrlte
that:
3 ;
o, an-———-3 120 and __JE_
1§ 12 im Mo guts,
9o »
20 21 Maybe you'll do better with this:
To dissect a "story" How many times 4 is 12°?
you need a sharp eye. Translate 1t 1nto an eguatilon.
Let me give your eye a "How many" will have to be a
quick test. What's symbol--say H. "Is" usually
wrong with the translates into =, "Times"
triangular sign at j// 1s x. What do you get?
the right? //
/
28 29

You need as many
eguations as there
are unknowns,

But that's not qulte all there is to it. Let me
expose you to a baited trap. Can this group of
equations be solved for all the unknowns? (I
don't mean do it; Just say whether 1t looks
possible.)

37

X+2vq +Z =0 w+t 2y =@

X+vy =5 s +3Z =4

The perlod, T, of a pendulum y
is T = 27 If a certain #1: 2= ZTvao—

pendulum has a period 2 sec,
what would 1ts period be 1if
its length (£ ) were multi-
plied by 2.5 and g were
multiplied by 8. 1Insert these
values at right:

#2. T =21r\} ?

¢

Ul

?e/g | i 3;0%5’3 g_e“

&’ T 5233/

45

Here is a "story." Put it into equation form.
man decides to shoot his wad of $100 on shirts and
hats, and finds he can get 5 hats and 10 shirts or

A

5 6 hats and 8 shirts for exactly $100. We write:
- 7v3x3.2.x36003'¢,y : $100 = ? and $100 = ?
5280 In2
; :
<.~a<..{,:x;‘,~.;~5§'
Answers: Powers and roots of numbers that (\_b)z 2 i-2b (#’2) k:Z)
GBS are close to 1 are Jjust as easy .
M as what we have been dolng. We ! = = |+2b (‘*2, K=-2,
1.03 can wrlte a pair of formulas to (1-b) ’ |)
o cover all situations: a | *| =3
o (+b) &£ 1+4kb s 2 e (O
Beusts long #1 - ) | *#2 k= -1
divicion! #2 (\-b)k 2 1-kb 2 \*ib ( T
These have abundant possibilities. -b

Study

these examples carefully: —7*
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N

Like thils:

’\“ﬁ'w 2e*bm _ 281ma’
\_/ = 7

Here's a more complicated one, for practice. Get
b alone on the right side thils time.

b*a
w =
Z
F s o 14
g TN S ' So in attempting to convert 15 ft into 1nches, we
g " You also know that o | can multiply it either by 1%121 or by %{E;-
: you are privileged to .’ _
£ multiply anything by 1, é?gght; léz But which of them will get us where we
%, at any time. g .
12 im Horws
7 / I5gr« LEE 9 Nol I5ptc 125 7 YES| wiia
i 7, 2n T e
21 22
To nail it down, do thils
one: "Joe's age 1s 3
years greater than Mary's
H x4 = | 2 age." You will need

symbols for Joe's and
Mary's ages; call them J
and M. Do it over there —¥

30
Are there enough equations here for a solution?
Look them over carefully!

Yes. 4 equations,

4 unknowns. X+ 2y +Z = o)
‘ 2X +3y +z =0
4X +64y+2Z=0

g

37 38
Since we would like to
40, T = 2% 2.54 have T come out to be 1in
89 the numerator on the left
7 slde, let's divide, by
#l: 2 s = 2T £ putting #2 over #1. After
9 you have done thils, cancel
as much as you can.
L ] w6
h erlod of a dul is
$/00=5—H*/05 The p pendulum
g : T . On Venus a certain
joo = 6H+ 85 . pendulu.xr? has a period of 2 sec,
Py : 'hat will its period be on the
A S =5 - moon, where g is 0.13 times as
> P much as it 1s on Venus? Write
H =%/o the two equations; divide one by
. the other, and cancel llke mad.
30 you see how it goes, 10 minutfs ago Let's you try these:
could you have told me how much Y7 (q8)3 (Y
is? I did 1t in my head and got 1.015.
-1 .
I thought of it as (1-.03) 2% ; used # L2
with k = -%. This gave |+ é-oB = 1.015, ("02}

[ 3

Viior =



Now I'm going to wave a bilg red flag!
If there are + or - signs lurking
around, watch out! Example: ab+! b SLOW
“ab abd DA%GER
You can't move or cancel the ab *
independently of the 1, or vilce versa.

R T TR « T

bt
Poug

Because we can cancel ™ - |

the unilts.

»5){»{,')27%"_ = |80 4n

15
Convert 13 meters into inches, using the fact that
= 39 in. Use the method we have Jjust 1llustrated,
even 1f you can do it in your head. I know 1t's
simple but I want you to do it my way.

e3 Do it here,
The plot thilckens when the
sentence contains enough infor-
mation to make two or more
equations. Find the two
separate equations in thils:
Joe's age 1s 3 yrs greater
than Mary's age and Mary 1s
5/8 as o0ld as Joe 1s.

30

No. The last one was -
Just a multiple of the
second one.

31
There was redundancy; that 1is, two of them sald the
same thing. ~Another way to say 1t is that we did not
have 3 independent equations. Now, can you state a
more water-tight rule concerning the number of
equations and number of unknowns?

39

The period of a satellite can be found from

T26M=4T?R%uhere R is the radius of its orbit,
M is the mass of the earth, and G is the gravi-
tational constant. Find the ratio of the periods
of two satellites; one in orbit at 10,000 mi
radius; the other in orbit at 15,000 mi radius.

wrmiow

S RO TARE

oo

Given that: , o
g is the acceleration of gravity in meters/sec
v is8 velocity in meters/sec
h is height in meters.
T have forgotten whether gh = 4 v or gh = 3 v* .
Can you show me which one has to be right?

Answers:

(78

(I oz)*

}.ol

“

= (1= oz) 2
=1+ oa)
= (|+.00

lln

Hr

|.00%

How accurate are these approximatlons? I got:
For comparilson, I did the first and
second by multiplication and long 941192
division. I did the third by finding
a 6-place table of square roots. The 961168+
whole business took me 20 minutes,
.004988 +
Pretty

close!
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The individual symbols But you can move or cancel the ab+l as a whole if
(a, b, etc.) can be moved you keep it intact as (ab+l). Now, 1ooking at the
or cancelled these ways: same thing again,
X ab"’ | - b
VY o -
ab+:/§§ﬁ; b fé ab abd
ab abd ¥Z ;9/ Move and cancel to get d alone on the left side.
w %)
CANCEL 0% ///
* 15 16
%: e | For this one you will multiply by two thilings that
; . ‘ : are equal to 1. Convert 25.4 km to inches, using
: 13 x 39 sm = 507 am : the following facts: 1 in = 2.54 cm, and
23; ]7( ‘ 1 Km = 100,000 cm. (Don't shortcut!)
g B
€ 24 This is a message I don't want you to miss: When
J= 3+ M a "story" contains the makings of several separate
algebraic statements (equations), extract all of
M= 5/81J them and write them down, no matter how trivial
some of them may seem. Don't try to do some of the
substituting, simplifylng, or digesting 1n your head
before you write the equation. That may economize on
pencils, but it will invite mistakes.
(No ques; move along)
f 3 2
& The number of inde- 3 Let me tell you something about writers of story
% pendent equations must problems, They don't have much imagination. You
A be as great as the number - can count on them to make the number of unknowns
of unknowns. Just equal to the number of posslble equations.
Therefore you must always be sure to squeeze all
. the equations out of the sentences. If you miss one
% you won't get a solution.
-7 ’ k0 Any t
z g(/ 4 y true equation must have the First one-
T]xf/ 10, (.1} same units on both sides. Suppose a
> = 3 you forgot which of these is correct: m=z D sl
T"W( W]S-/ﬂ/df s:-‘;at‘ o 5-.*41' AL
(s 1s distance in meters; a 1s accel- Second one:
RR 103 - erat%on in meters/sec? ; t is time in e M see
_— - ——h = sec. Substituting Jjust the units = -
Tz is? Yi.53 can you check which 1s correct? Akc

Which ig true ?~

The dentist replied, "That would be asking too much

T7 e z
T == yrulena = tline oKl 48 ing a tooth. , The patient asked, "Will I know anything
A Py H

Once a dentist was about . . . of the gas. It is only guaranteed to relieve the

to administer gas to a 1 - pain a little." Don't expect much more than that of

patient to ease the this brief review. If it relleves a little pain on

agony of extract- some future quiz, I wlll feel gratified. THANKS AND
GOOD LUCK! That's all except for the POSTSCRIPT--

if you have stamina left. (A perfect score is Ti.

How did you do?)

If you like things neatly wrapped up, HARD " BfAiP oLE
then everything we have mentioned in BOILEPE 2 H HARD
the entire postscript 1s covered by =,

EGe

- —

(tb) &1 2kb.
Check it and see. Now 1n the 1llttle
space left 1 will show you how higher
mathematics--the branch called topology--~
can be employed to out-wit a chicken
snake., Just 1n case you ever have such
a problem!

J 7 2 P BoILED

—
T
—




