This is a set of drills for practice of algebraic manipulation. Do not use a calculator except possibly
for verification. (Try to keep numerical fractions together; this is a rough sesthetic guideline.)

1. Firstly, rules of algebraic manipulation ) 29”‘2"5””2 — 21%:’1
@ arh=bra () 2t st _ gyt
(b) ab=ba (n) ?3(’3552)12 B %21;5)12)
(©) a+(b+c)=(a+b)+c ’
(d) a(be) = (ab)e 3. Now, rules of exponentiation:
(e) a(b+c¢)=ab+ac (a) (zy)" =a"y"
(f) (b) (z/y)" =a"/y"
9 . E — % (C) ™ = 1.n+m
b d bd B
© (d) am/z™ = gn™
g
a ¢ a d _ad (e) (z*)"=a"®
g - & - g . E - E (f) xa/b (wa)l/b _ (zl/b)a
(h) (g) 27" =1/a" = (1/x)
a b:a—i—b (h) 2/ = Yz
c ¢ c
) 4. Simplify the following. Remember that the
(i simplest form requires the fewest opera-
a ¢ ad be ad+be tions for evaluation of the form.
b d T bd bd b () ot
(j) also observe that a-b=0+<a=0,b= (b) 2/
0, ora=b=0. (c) 22/a?
2. Write as a single fraction (d) (2332)°
(a) 4+ 1 (e) (3°3%)°
(b) 3% 1 (f) (ea?)"
(c) 4x3 (g) (x/y)'7
) 4+3 (h) 577225
| 4 4 (i) 23~ vav
3 2
(e) 16 x 2716 X Vie G4) (irl/n)2n
.’.E2 X
() 16 x % + :x:(x++12)(;—11) (k) 322 + 222
() 1- 334 (1) 3z2 + 223
(h) 1+ 1 (m) aVZ! —¢V2
N 23432243241 3z 2(,3 3)\2
) == - gy RO
(.]) 42° 422> +62+3 _ 22243 (O) e (6 — 1/6 )
pmn () V(e — 1/¢)
XT3 ze”
) i~ g (q) e2(e? — 1/e3)/?



5. Rules of logarithmic manipulation (observe

that we don’t have one for a sum inside of
a logarithm, but we have one for the sum
of logarithms).

(a) Definition
logyz =y «— b =x.
(b) Product rule of logarithms
log,, « + log, y = log, (zy).
(¢) Quotient rule of logarithms

log, « — log, y = log,, z
Y

(d) Power rule of logarithms
logy () = ylogy ().
(e) Rule for the change of base

log, M
log, N

logyy M =

(You may choose any new base b)

6. Simplify the following

(a) ln(\/1024”) +%
(b) In 2* _i_ln4“‘/2
(z+1) (z—1)
In 243 +22% +62+3
() Py — + &
3e”(2/x) (2Inx)(3e”)
(d) "G — ey

7. Simplify the following

(a) logyo 100

(b) In7 +1In10 (Note that ‘In’ is nothing
more than ‘log,’)

log;, 1000 — log;, 1000

log, 16 — 41og, 256

2Inz — 51n(4x)

log,4 27
log;o 3

In64 _ log;,49
In2 log, 7

(1/2)log 36
(1/7)logy ¢
In((1/7)Ine")
51n(e'/?)

5In(5) + (1/5)In(1/5)

log, b
log, a

In4 —2xInb

logs (7 — w) + logs (7 + w)
loglo(ac)+10g10(y )

(c
(d
(e
(f

(g
(
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(a) logs(2*)(/%) — logy

Ine

t
(u eln(23v/z—242°)
(v) 1000810 1077170

)
)
5)
) lne(2z —17)
)
)
)

oln e _ 4(ln el/?)

In(x2422+1)
X) ey
( (@ F 1) (@+2))

8. Simplify these slightly more complicated

expressions
(a) In25%8s10833° _ 215
ln 25
(b) 1og;10 100000
(C) (21n e?® )3/(1n e?® log,, 1000)
(d) (231n 625)
e) logs ez —¢e? og +Ine
logs 3¢ —logyo 10 +1
(f) 510g1 T _ x(logz T+log,, 5)
(g) log, x —log, 7+log, 5
(h) 32%/% + (=6)° — (3)~1/2 + V272
)

(i) logyg 2+10g10 3+10g10 4Jr ~+logyo 1 10



9.

10.

(j) BT
1 e

(k) 9(log, 51+log, 31)

The purpose of the above was to allow you
to become accustomed to simple manipu-
lations, which are ultimately used in the
solutions of equations. Solve for = in each
of the following!

) 3 _ 972/3

) logg x + logg(1/6) = 2/3

) logs(loggz) =1

) —7-5"4+6=0

) logs(z — 6) +logg(x — 14) =2

) 9% — 971 =172

g) logs(z +9) = 2logs(z — 3)

) (logyo x)(log; 10) =3

) e —3e % =2

) (nz)?
) 102 = (2/5)Ine?

) 5% — 572 = 15000

) 2T 4+277 =17/4

= Inz?2

Solve each of the following equations and
remember that, whatever you do to one
side of an equation, you must do to the
other side! Some of these are really tricky;
you might skip this section and return to it
later!

(a) given that * = —3 is a root of the
equation 223 + 722 —9 = 0, determine
the other roots

(b) 52% —82? =22 +3=0

(c) solve the system 322 +5xy—2y% = —15
and x + 2y = 3

z—1 z 2

(d) |z+2] =2z -1
(e) 2z —1)(z+3) =4z
(f) z_ 1 _3

)

623 + 1322 =2—1=

—~~
o

11.

2
() 24 - 4
(j) here’s an inequality: z(2% —9) >0

Solve each of the following equations and
remember that, whatever you do to one side
of an equation, you must do to the other
side!

(a
(b
(c
(

5% ~2 = 15000
_ 210g2 3+logy 5

2+V2zr+1=2+1

logy 32
10g10 2

9% — = 648

d

]

) 5
) In
)
)
()
(f) solve the system zy? = 108 and 2 =

1010

solve the system y = log, (22 — 6) and
g y ) g2

y = log, @
(h) try the inequality e! 3% < 1

12. Again, for what real values of x are the fol-

lowing satisfied?
(a) 3a%* +3a72* =10
(b) 2* +4* =8~
(
(

c) log, 2 =log,,, 8

(m) logyg[z(z —3)] =1
(n) log, z +log,(x +2) =2

)
)
)
d) 3o+t = 7ol
(e) log1p(24+2)=-1
(f) 103 =5
(g) logip(a® + 22 +1) =
(h) In(z? + 2z +10) =1
(i) 10°-° = 100
() 101" = 100
(k) logig(z —3) +logjpz =1
(1) logyo(3 — z) +logpz =1
)
)



Answers!

1. Ansers for section 2

)

)

)

)

)

)
(g) =%
(h) z/(z—1)

) 5

) 0

)

)

)

)

6x+3—6xe” —2e”
9z43

—62° 462> +7z+2
4x+2

2(2z+1)2
—1/(3z + 1)?

2. Answers for section 4
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—36x> —22%+12z43

(q) (7t —e )2
(r) 1

(s) 3°(3* = 1)

(t) 1—7°2

(1) 11000

(v) 10000000

3. Answers for section 6
(a) 125171152+3x
2z%1n2
(b) @he-D
(¢) ze®In2
(d) 2(1—xInz)

3ze®

4. Answers for section 7
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(w) 2
(x) (z+2)7

5. Answers for section 8

(a) 0
(b) 5
(c) 2
(d) 2
(e) 1—e
(f) 0
(g) 1+log, 2
(h) 23
(i) —1
(G5) 16
(k) 1581
6. Answers for section 9
(a) o =35
(b) z=6V2
(c) # =35
(d) z =0 or log;6
() z=5o0r15
(f) x=2
(g) z=0o0r7
(h) z =53
(i) x=1n3
(j) =1 or &
(k) x=1/2
1) z=6
)

7. Answers for section 10
(a) x=1,-3/2, or —3
(b) z=3/5or 2(1++/5)

(c)y=2,2=-1

(d) x=4o0r0

() z=-3/20r1

(f) z=—-1or2

(g) o =—1/20r —5/6++/286/12

(h) x=-3

(i) y==+2

(G) 3<zxz<0or3<z
8. Answers for section 11

(a) =06

(b) x =15

(¢c) x=0o0r4

(d) =

(e) = =logy(324 £ £1/652)

(f) z=10%y =106

(g) x=4or9/4

(h) z >1/3

(a) = =+log, V3
(b) log, 1572

(c) =42

(d) o= gty

(e) x=-19/20

(f) z= 3108195
(g) z=—-1

(h) no real solution
(i) 2 ==%V3

(j) no real solution
(k) z=5o0r —2
(1) no real solution
(m) x=50r —2
(n) z=—-14+/1+9%2/2



