
Math 4300#Homework 2Solutions



a) fiLz t1Rgiven by f(a,y)
=

Y

is the standard
ruler

f( - 2, -3) =
- 3 f( - 2,0) =0

f( - 2, -2)
= - 2 f(-2,1)

=1

f( - 2,
- 42)

=

-32 f(- 2,π) =π
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⑯ The standard ruler for (m,b=L2,4
is f: 12,4-sR

where f(x,mx+b)
=x/m2 =55x

- 4.472
f(- 2,8)

=

-

25 =
- 2,236-

f( - 1,6)
==5-

f(0,4)
=05=0

2.236
f(1,2)

=v5 =

f(2,0)
=255 =4.472

f(3, -2)
=355

=6.708

+(4,
- 4)

=455 =8.944
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⑰a) the studond ruler on it is

fi 2L - Rwhere f(a,y)
=(n(y)

f(2,0.001) =(n(0,001)
=-9.21

f(2,0.4)
=(n(0.4) = -0.916

f(2,1) =(n(1)
=0

f(2,2)
=(n(e)

=1

f(2,5) =(n(s)
=1,609

f(2,10)
=(n(10) =2.3

- I
L f

-

-

-it--n-I 21 I
- - 9,21 =(n(0.0001)

-

n
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-

(2,e) 0

(2,1 -
-
9,16 In

(0.4
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⑭)The standard ruler is

f:,5o-1Rwhere
f(x,y)= In I-xr)

f(- 2,16,0.12)
=(n)

-

--
+y) =(n (0.01898) =- 3.964

f(- 1,56)
=(n)

-54) =(n(0.4745) =
-0.745

f(0,3) =(n (-(40)
=(n(0.72) =

-0.327

f(1,0) =(n)(4)
=(n(1) =0

f(2,3)
=(n),y)

=(n/1.387)
=0.327

f(3,561 =(n(3-4)
=(n(2,10749) =0.745

f(Y,16,0.121
=In/4) =(n(52,586)

=3.964
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③

(a)d((1,21,(3,4)) =x,2 - 4)2

=

4

=

18

(b) d((-3,1),(5,101)
=x5(1- 10)2

=+81

-S



a)
P =(1, 2) and

Q =(5,6)

We need toknow whatline
P and &live

on.

They have
differentx-coordinates

so it's

not a vertical
line. Itmust

be

some
line or

Let's find it.

-= plug in
P

Dad(rese
This gives

st
E

⑲



①- 2 gives 8- 36 =0.

So,c
=5 =7.
- -

Fr2

4 +(1 - 7)

And O then gives r
=

-
-

2To
4 +(1 - c)2

=6.32

So, P= (1,2),
Q =(5,6) lie

on the hyperbolic line Aharo

Thus,

as (inllIn
I

~Insil
P =(x,y,) =(1,2)

=1 - 1.49)

= 1.49 NRE
-t



⑰b) P =(6,k2),a =(6,2)

P and alie on the vertical line oh

Thus,

di (Pay
=((n)-7) = (1.59631)

iii.when !



is

&The standard ruler for L
3, - 3

32
↳,-3
- 1 where f(x,3x-3)

=x

fi =Tox

The problem is tofind P = (X,,31) where

f(x,,3,) =
- 2.

We need tosolve
to x, =-2.

-

2
-

Thus, X,
I

To

To find 3, we
plug

(X,3,)= (-1)

intothe
line 23,-3*(

this gives

"



Let's see a picture tounderstand

this answer more.

P =(1
- 3) =(- 0,632,

- 4.897)

R
-

-- I".- - 3



6al/ LetP =(2,3),a
=(2,5).

Then I
=Lz

The standard
ruler on
I- he is given by

f:Lz
-> RRwhere f(a,y)=

y

f(2,1) =3

R [

· i
f(2,5) =S

Since f(Q)
=3>3=f(P) we

need

to shift this
ruler by f(P)=3.



The new ruler is :2-R

given byitis=y
- 3

Herey(P)
=g(2,3) =3

- 3
=0

g(a)
=g(2,5)

=5 - 3 =
270.

9
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6)b)/ LetP =(2,3),a
=(2,5).

Then I
=Lz

The standard
ruler on
I- he is given by

f(2,3) =3

f:Lz
-> RRwhere f(a,y)=

y

Ef(2,- 5) =-S
e

·
R

L2

j
Since f(Q)=-53

=f(P) we need

to shift this
ruler by f(P)=3.

and then multiply by -1.



The new ruler is 9.La--> R

given by g(a,y) = -(f(a,y)
- f(P))

=-(f(a,y) - 3)
= - y

+3

Herey(P)
=g(2,3) =

- 3 +3
=0

g(a)
=g(2,5)

=

- 75) +3 =8

:
Eadizis



6)P =(2,3), Q =(4,0) do not

lie on a
vertical line.

-3.
Let m

=E =

z

Whatis b?

Plug 4 =(2,3) into
y

=-zx+b toget

3 =(E)(z) +b.
This gives b =6.

Thus, P
and Qlie on L-216.

the standard
ruler is

f: L-ss,st/

where f(x,y)
=x

Arewe have

f(P) =f(2,3)
=
E.2 =x3 =3.6

f(x)
=f(y,0) =2.4

=253
=7.2
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-

itt
Since f(x)

=253) v3
=f(0) we need

toshift f by f(P)
=Y3

e



Then, g(P) =g(2,3)
=13.2 -Ys =0

q(0) =g(4,0)
=2.4 - 45 =

x5 >0

So, g is the ruler
thatwe

want.

R

it1



l P =(2, 3), Q =(2,5) lie on

the line 22.
The standard

ruler

isfizL-1R
where f(a,y)

=(n(y)

We have

f(P)
=f(2,3)

=(n(3)
=1.0986

f(x)
=f(2,5) =(n(5)

=
-

1.0986

itti
Since f(Q) <f(P)

we
need too

shift f by f(P)
and

multiply by -1.



ili
=
- (n(y) +(n(3)

Then, g(P)
=9(2,3) =- (n(3)

+(n(3) =0

and g(Q) =g(2,5)
=

- (n(5) +(n(3)

->(n(3) +(n(3)

⑰(n(2Y =2(e(3)
=2,19770

conditions.

So, this y
satisfies the

I
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⑰)p =(2,3),a =( - 1,6)

theydonotlieor,averdica
Lineat

so

Plug P and
Q into (x-c+ y

=r' toget

i
I

:- ②

① - gives
-6-24

=0.

So,c
=- 4

r =
x411+3 =s

Then, I
gives

So, P =(2,3) and
Q = (-1,6) lie

on phas



The stand and ruler is fi.phs->RR

where f(x,y)
=In (*5) =(n)*45)

Them

f(P)
=f(2,3) =(n)
,45) =(n(4.236)

=104436

and

f(a)
=f(- 1,6)

=(n)(55)
=(n(1.618)
=0.481

ofthef

- 4
L5in- 4+5- 4 - 545

Since f(Q) < f(P) we shiftby f(P)

and multiply by -1.



We get9:given by

g(x,y) =- (f(x,y) - f(0))

=- ((n)(45) - (n(y))
-- In itII
A

-in =In( I
In)-
Then,

Ssatiand

=0.96270



So, 9(P)
=0 and g(Q) <0.

Thus g is
the ruler we

are

looking for.

-

fr- 4 - 545



⑧ Let(9,2, d) be a metric geometry.

LetP be a pointand
I be a line

where I is
on
l

Let r>0.

We must
find a pointQ

unl

with d(P,Q)
=r.

Since we are in a
metric geometry

a ruler
fil -> R.

there exists
~

Then f(P) is
some·real number.Since of is a

bijection,
there

exists a point-
Rel where

f(x)
=f(P) +r

Then, because
of is a ruler we

know

↳



a(P,a) =(f(p) - f(a))

= (f(0) - (f(p) +r))

=1 - r

=r-since~To
*C:You could have also picked QEl

[ thatwouldI
where f(x)

=f(0) - r and

have also worked. #

-



& Let I be a
line in a metric

geometry (B,2,d). Then

there exists a
ruler fil

-> 1.

Since f is a
bijection and

IRis an

infiniteset, then
I must

also be an
infiniteset.

⑰



al LetA cR.
Then,

(coshlAl-(sinh(All
=(e

- 2t)

_

tet)-(et_refette
4

-t

eet etso and tore

Thus,

coshltl-yet 0=0.



⑭ Lettel. Ther

HanhAll+(sech/All
(sinhdAll
-canstil

-Iti

StetER. From local,

We know
cosh1A1>0. Thus,

sechctl-tel0.



8)) One can show thattank (t)

is always increasing by showing

thatStanhltl)'so for all to

We have that

Hankel(gert
e

- letteretlet
it

-

P

etentrule
1
1

I 1 nee

-+
=

(et +et

-er



Since eff et >0 we get
the

denominator is never zero
or negative.

Since (eftet> 0 we get
that

1 20 for all tel.

Hanh(A1)
=

(et+et)

Thus, tunkltl
is an increasing function.

#


