1) The retic of blue marbles to black marbles is

5 to 2. What'"s the chance of picking & blue markle?

The picture below shows there are seven marbles in sll.

This means the probakility of picking & blue one is
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2) The retic of blue marbles to black marbkles is

5 to 2. What'"s the chance of picking a black marble?

The picture below shows there are seven marbles in sll.

This means the probakility of picking & black cne is
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Hote that in the two preceding examples, parts tTo parts
were compared, and this means thet the total number of

items is the =zum of the parts. This number becomes the

dencminetor when finding a probability.
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3) If the numbker of bklack marbles i3 doubled, what is the
new ratio of blue to black?
To double means to multiply by two, sc now the marbles

are a3 lajid out below. This means there are four blacks.




4) Given the updated number of red marbles, what's
the probkakility of picking & blue one this time.
Compare this probability with the probability

found in guesticn 1) abowve.
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Be sure to change the bottom here from 7 to 8

because the total number of numbers iz different now.

To compare the two prokabiltiea, we can juat form a

gimple ratic, as shown below.
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5) Giwven the updated number of red marblez, what's

the probability of picking & black cne this time.

Compare this probakbility with the probability

found in guesticn 1) above.
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Be sure to change the bottom here from 7 to 9
because the total number of numbers is different now.
To compare the two probabiltiea, we can juat form a

simple ratic, as shown below.
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The new probability is HOT doubkle the old preobability.
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6) If the number of red marbles iz scaled by a factor X,
whet's the impact on the probkabkilities cof choosing a
bleck or choosing a blue? Here r iz the number of blacksa,
gand b is the number of blues.

To acale means to multiply, 3o the new number of blacks is =r.
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Be gure to change the denominator to reflect the new number total.

7) If the number of blue and the number of red are both
sceled by a factor x, 1is there any impact on the

probabilities?
Pretend at first to double the reds and blues.

Say this is the original. Say this i=s the final.
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It's important toc understand that physically, there iz now
indeed a new number of markbles. However, mathematically,

the ratics and prcbabilities remain unchaged, a3 shown above.




B) If the current probability of picking & blue i3 as shown

in the picture below,
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Adding cne new black markle at & time,

prokbabilities,
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shows we muat

how many reds must be added to change
that preobability to half of what it

i3 now?
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and cbserving the

add 5 blacks.




9)The current ratioc of blue to all marbles in & container
is as shown below. Markles are added in the ratioc of 1

blue to Z bleck per minute. How meny marbles are blue after
3 minutes?
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How, s3ince marbkles are mdded in the ratic of 1 blue to
2 black per minute, this meanz that every minute 3 new

markles are added. This i= shown below.

. 3 marbles are added per minute
L ]

How add the 1 new blue tc the 3 cld bklue, and the
Z new black to the old 2 black, to get the counts show below.
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How another minute passes, and threese new marbles are
added. This means now the counts look as shown below.

Eemember all you're doing is adding 1 blue and 2 black.

-

Now another minute passes, and three new marblez are
added. This means now the counts look 83 shown below.

Bemember all you're doing iz adding 1 blue and 2 black.

A3 the picture above shows, there are now & blues.




10)The current ratio of blue to all marbkles in a container
iz as shown below. Marbles are added in the ratio of 1

blue to 2 black per minute. How meny marbles are black after

3 minutes?
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NHow, since marbles are added in the retic of 1 blue to
2 black per minute, this means thet every minute 3 new

marbles are added. This i=s shown below.

o 3 marbkles are added per minute
L

How add the 1 new blue to the 3 old blue, and the
2 new black to the old 2 black, to get the counts ahow below.
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How another minute passes, and three new marbles are
added. This means now the counts look 83 shown below.

Remember all you're doing is adding 1 blue and 2 black.
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How another minute passes, and three new marblez are
added. This means now the counts loock 83 shown below.

Bemember all you're doing is adding 1 blue and 2 black.
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Az the picture above shows, there are now B black.



11)The current ratic of blue to all markles in a container
iz as shown below. Markles are added in the ratic of 1

blue to 2 bleck per minute.Write & function to repressnt the

numbker of blue markles &t any time t.
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At t=0, the blues number 3. Think of this as the ¥ intercept.

Then because blues increase at the rate of 1 per minute,
you can write & linear function to represent the count of

blue marbles a3 follows:

1-blue -

blt)=3 blus+ -
1-minute

Without units this is b[t]=3+1-t

12)Evaluate the function developed in guestion 11) abowve at

t=0, t=1, t=2 and t=3, end comment con the meaning of the values.
f[D]-3+1(ﬂ]-3 This tells us at the start there are 3 blues.

fl1lss+1(1]=3+1=4
This tells us that one second after the start, there are

4 blues.
flz)m3+1(2]m3+2m5

This tells us that two seconds after the atart, there are 5

blue marbles.
flz)=3+1(3)=3+3=5

Thizs tells us that three seconds after the start, there are &

blue marbles.

These values are first found using picturea above.




13) The current ratic of blue to all markles in a container
is as shown below. Marbles are sdded in the ratio of 1

blue to 2 black per minute.Write & function toc represent the

numbker of black marblez at any time tT.
[ 1 X )
ad80d

At t=0, the reds numbker 2. Think of this as the ¥ intercept.

Then because black increass at the rate of 2 per minute,
you can write a linear functicon to represent the count of
black marbles as follows:

A-black.t
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Without units thiz iz  rlt]=2+2'¢

14)Evaluate the function dewveloped in question 13) above at

t=0, t=1, t=2 and t=3, end comment on the meaning of the wvalues.

f[Di=2+1[ﬂ]=2 This tells us at the start there are 2 reds.

flljmz+z(1)mz+zms
This tells us that one second after the start, there are
4 blacks.

flzl=2+2(2]=2+4=¢

This tells us that two secocnds after the start, there are &

black marbles.
fi3jmz+2(3]mz+6ms

This tells u3 that three geconds after the start, there are E

black marbles.

These walues are first found using pictures above.




153)The current ratic of blue to all markles in a container
is a2 shown below. Markles are added in the ratioc of 1

blue to 2 red per minute.Write a functicn to represent the

total number of marbles in the container.
LX)
.sill

Aocording to the development above, we know that any time t,
there are b(t)=3+1t blue markles, and r(t)=2+2t black marbles.
Therefore the total number of marbles i3 just the sum of these,

a3 shown below.

cotelltlsblt]rolz]s3+1 c+2+2c=5+3 ¢

18) The current ratic of blue to all markles in a container
i3 ag shown below. Markles are added in the ratioc of 1

blue to 2 bleck per minute.Write & function to represent the

probability of cheoosing & blue marble at any time t.
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Following the logic dewveloped in the examples abowve,

We Can write

blue _ irl-t -_ott
all [3+1-t]+|:2+2't] 5+3-t

=p, [t]

The denominator is the sum of the counts of the blues
and blacks at any time t. This =imply tells the total

number of markles at any time t.




17)Evaluate the function dewveloped in question le) above at

=0, t=1, t=2 and t=3, and comment on the meaning of the values.

E‘h[D]-%-% This represents the probability of choosing & blue
gt the start.
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3+1['_] 4 Thia represents the preobability of choosing a blue

Fhll]'_5+3|-_]'§ 1 minute into the procezsing of adding merbles.
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_3+1|2]_ 5 This represents the probebility of choosing a blue

E‘h[Z]-_5+3[2]‘? 2 minutes intc the processing of adding markles.
aabew
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E']:I 3 —-5+3[3]‘H 3 minutes into the processing of sdding markbles.
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13) The current ratioc of black to all marbles in & container
is as shown below. Markles are added in the ratio of 1

blue to 2 black per minute.Write & function to repressnt the

prokability of choosing a black marble at any time €.
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Following the logic dewveloped in the examples above,
wWe CANL Write

black_ 2+2'T - 2+2tT =P ft]
all [3+1-th{z+z-t] S5+3't r

The denominator is the sum of the counts of the blues
and blacks at any time t. This simply tells the total

numker of marbles at any time t.

19)Evaluate the function developed in question 16) above at

=0, t=1, t=2 and t=3, and comment on the meaning of the values.

PI[D]-%:%%-E? This represents the probability of choosing & black
+
et the start.
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2+2[1] 4 This represents the prcbability of choosing & black
Prl]'§+3|l]'a' 1l minute into the processing of adding merbles.

e

2+2[2] [ This represents the probebility of choosing &8 black
- - —

Prl ] 5+3|2] 11 2 minutes intc the processing cof adding markles.
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2+2[3] a This represents the probebility of chocsing a black
Pt 3w ' h ing of addi bl
r 5+3]3] 14 minutes intoe the processing of adding markles.




20) How & queation for vou. Can vou find the limiting probability

of choosing a black marble? This is the probkabkility you expect once

g8 huge number of new blacks and blues have been added. You can solwve
this wvisually, or algebraically by writing a seguence of prokabkilities,

and observing where it's tending. You can &alsc plot the function

e [c]



