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1. What number does (1× 23) + (0× 22) + (0× 2) + (1× 1) represent in BASE 2?

Solution

Notice this SUM corresponds to the place value table

Place 23 22 21 20

Place 8 4 2 1
Digit 1 0 0 1

Therefore the binary number is 1001.

2. What number does (1× 105) + (8× 1) represent in BASE 10?

Solution

Similar to above, the BASE 10 number is 10008.

3. What number does (1× 25) + (1× 2) + (1× 1) represent in BASE 10?

Solution

Evaluating the sum gives 32 + 2 + 1 = 35, which is a BASE 10 number. Therefore the answer
is 35.

4. What number does (8× 22) represent in BASE 2?

Solution

Evaluate the sum in BASE 10 - this gives 32. Then convert 32 into binary, which is 100000.
Therefore, the answer is 100000.



5. Convert the following BASE 10 numbers into their binary equivalent.

Solutions

(a) 14 → 1110

(b) 6 → 110

(c) 64 → 1000000

(d) 122 → 1111010

6. Convert the following BASE 2 numbers into their decimal (BASE 10) equivalent.

Solutions

(a) 111 → 7

(b) 1001 → 9

(c) 110001 → 49

(d) 10 → 2

7. * Why can there be no BASE 1 number system?

Solution

Recall that BASE 10 can use digits from 0 to 9, and with BASE 2, we can use digits from 0 to
1. Following the pattern, BASE 1 could only use the digit 0. This makes no sense - the only
number you can express is 0!

Another way to look at this is that if you make the place value table, each column is 1 times
larger than the one to its right... but then all of your columns would be the same!

8. Perform the following additions in binary by converting them into base 10 numbers first, and
then converting the answer back.

Solutions

(a) 1 + 1 = 10

(b) 1 + 10 = 11

(c) 111 + 10 = 1001

(d) 10000 + 10101 = 100101
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9. In World War II, some of the most important, secret jobs were given to the cryptographers
(codebreakers)! See if you can crack the following encoded quotes by converting the binary
numbers into BASE 10, and then matching the BASE 10 number to the corresponding alphabet
letter (for example, 20 → T, 1 → A, 6 → F).

Solutions

G-I-V-E M-E A P-L-A-C-E
T-O S-T-A-N-D O-N A-N-D
I W-I-L-L M-O-V-E
T-H-E E-A-R-T-H.

- ARCHIMEDES OF SYRACUSE

I T-H-I-N-K,
T-H-E-R-E-F-O-R-E I A-M

- RENE DESCARTES

10. * Convert the following BASE 10 numbers into their BASE 8 equivalent.

Solutions

The way to approach this problem is similar to what you have done for binary, except your
base is now 8. So you would need to make a table similar to the one below:

Place 83 82 81 80

Place 512 64 8 1
Digit

and then follow the same rules for conversion.

(a) 8 → 10

(b) 64 → 100

(c) 67 → 103

(d) 88 → 130
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Let’s take a closer look at converting 88 into BASE 8.

Place 82 81 80

Place 64 8 1
Digit 1 3 0

The highest power of 8 in this case that is less than or equal to 88 is 82 = 64. But since in base
8, we can use digits from 0 to 7, we need to check if putting 2, 3, 4, 5, 6, 7 in that column will
work.

Whatever digit you put in that column, you need to multiply that amount by the place value.
So if I put a 2, then I would do 2× 64 = 128, or a 7 would get 7× 64 = 448. However, we put
the largest digit so that the place value is LESS THAN OR EQUAL to our number. Since any
digit greater than 1 produces a place value that is greater than 88, we are forced to put a 1,
like I did in the above table.

Now subtract this amount 1× 64 = 64 from your running total, 88, which gives 24 as your new
running total.

Repeat the process. 8 is the next column that works. However, since 3 × 8 = 24, we can put
a 3 in this column, like I did in the above table (4 is too big). Subtract 24 from your running
total, and you will get 0. That means we cannot fill in any more columns, so we put a 0 in the
remaining spots. This then tells us the BASE 8 conversion.

11. ** (Challenge)

(a) How many possible binary numbers with 5 digits are there? Solution: 16

(b) How many possible 5 digit binary numbers are there where the last digit must be a 0?
Solution: 8

(c) How many are there where the second and last digits must be a 0? Solution: 4

12. *** (Challenge) For a given length n ≥ 2

(a) How many possible binary numbers with n digits are there? Solution: 2n−1

(b) How many possible binary numbers are there where the last digit must be a 0?
Solution: 2n−2

(c) How many are there where the second and last digits must be a 0 (assume n ≥ 3 )?
Solution: 2n−3
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