
④ Let a.b. c.JEQ and consider two arbitrary ④ identical to :

elements in ④Cfs) : Catbfs ) and Cctdfs) : except change every
3 in that answer
to a 7.

Isatditionosed?

Yes ! (atbfs ) +6+2B.) = @+c) +Cbtd) Fs
and catc)

,

lbtd) C- ④ as

④ is closed under addition

Is multiplication dosed ?

yesl.NO#-bFs).lc+dFs)--aci-aJr3-+beFst3bd--(ac+3bd)tCadtbc)Fs
and (act 3bJ)

,

(adtbc) EQ
as Q is closed under addition and multiplication.

Are attrition and multiplication both commutative?

aretheybothas-oi.tk?--
yes ! ④(B) inherits this from IR.

D-ath-EE-t.si?
Yes ! Note 0--0+053 and these are the

1 = I +O.rs additive and multiplicative
and 0,1 C- Q itunes for R

.

DoauiEit?

yes ! (atbfs) + 1-a-bfsl
= 0

and -a
,

-b c-④ when a.

bc-QD.com/tiplica1iveinversesexist-fornon-zeo-ralues?-
Yes ! Note

,
provided atbfs -1-0 :

atb-F3.ca#rj
= :¥⇒=(a÷w)+f¥r
which lies in Q by closure
of addition /mutt./dir for

non -Zero rationals

Hence,Qa¥eH !



② ④ (a +b. "E +if + d V8 )atbrztcrstdro
+e+frz+gr5+h
"" """"""""""

"

|
"" "

Catb 'VE +cry + d 't)
(a tbh tcrstdro )

× ( e + f- V2 +gift h "r8)

xcei-frzi-grs-throah.rs#h-h-2dhyrahFo+2bhf5t5chFht
10th

ag
"FltbgV8 +

2cg +2dg V2+ agr tbgro + 5cg +5dgE affktbf.tk + d- V8 1- Zdf
+ affztzbf +d-Fo +2 JFFS

aetbefztce.FI/-deF8--dodht5cgt2bftae) (Zbh +2cg +Zdf tae)::::::::+(sch + 5dg +at +be ) FL t (2h +2dg t at +be ) V2
+ (28h tag + bf

+ ce ) V4 ✓
+(ah + bg + if + de) Fo ✓

+ ( ah + bg + d- +de) V8

.. . the rest follows by .. . the rest follows by
closure ofQ unter closure ofQ unter
addition /mutt. addition /mutt.



④ ✗yGy;¥ = ×.G
ylytzj 's

= ✗↳y% = wheney=I
-
-
-
---

-

③ ×¥¥? = ✗%2
✗ Its (2×-3)%1

= ✗
⇒
(2×-3)
"
=/xtk-3.IT#E-3--whenex=qz--f-------------

③
2×÷⇒=2¥¥=¥i;¥
I = 2c×-2¥)=µx-2krx-FI
\
-
-
-
- -

→
Note

,
we bn pick up a restriction

on × beyond the implicit ×≥o

as rxtrz >0 always.

⑤ ¥r×=¥i¥+%=
'

¥•×'

- ⇔

⑦
¥¥=%¥¥; , -_"Y×+r
!
, =#×=×;¥tt×+K=µ-x+i+rwteq--

-
-
- - - - - -

-
-



④ f-a) = of → fcxthlnifx) = F+F µ
if h≠o

,

this

simplifies to ¥+1K
↓

notably , this is=€¥Ñ¥¥n¥, = = n¥+n.ir#itseH-aetinedath--o
and equals 1- at this h value

2. rx

④ FG) = Ex → fkthh.IM = FÉ+Ñn_ Tt h -1-0
,
this simplifies

[ to=

,
- Ex

notably
,

the above is

=*n↑¥¥¥⇒r⇒=j,¥E+r retired when h=◦

and equals

¥E× at this h value

④ fix,=¥→¥×+hY=(¥n;t . F¥¥÷
=¥¥"¥i¥→=I¥¥cr×+

notably this <
last expression

=

É¥ñr×T⇒
is defined when h=o if h≠oµ

this simplifies toand at thistray
É¥+T×5¥ Éñ+F+ns

technically , z¥r× unless operating under

④ fix , = ¥2
the same domain as 71×1 = ¥ which requires ✗ so

↳ ta+nns=⇐+hF; 1 .
⇒

if h-1-0
,
this simplifies to

§ 3✗2+3xh+=

¥?;⇔=¥j¥¥¥¥¥ k*n%+×%i

notably , this last expression
is defined when h=o and equals=

:%¥;::÷⇒=¥¥¥¥¥→
3×1%+1%-2 = 35¥ = 3-2×4
at this h value



④ fcx) = Tx
↓
recall (a-b)Cantab +5) = a3_b3

↓

fk+h)n×) = (T+hn→rt.LT?FxFh)tTxE)(3fF-h5-+Txx+hT+TF)
(✗+h ) -✗

=

ÉT++J]
if h≠0

,

this simplifiesto :

Fh÷ÉÉÉ)= h3+ÉÉ+É)
notably This last expression is
defined at h=0 and with this

h value equals

3f¥3fF¥3E = 3¥12

④ fix> =
,
✗+rx

¥×+h¥T✗s =¥mtFir)
= h+Fh-r# = ha + F+hn
= E. +

,

= ʰn+¥Y÷¥ñ,/
it n≠◦

this simplifies to

= ʰht¥¥+×) "¥+5
notably

,

the expression
above is defined at h=o

and at this value
,
equals

I +¥


