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1 Binary Counter

The following circuit can be used as a binary counter or clock divider.
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The J-K-Flip-Flops change their output state at the falling edge of the clock if both
inputs were high at the preceeding rising egde, and remain in the old state if both
inputs were low.
The input to the circuit is a square wave with constant frequency and a duty cycle of
30%, i.e. the signal is high for 0.3 T and low for 0.7 T.

• Draw the clock signal, the outputs A, B and C as a function of time for at least
12 clock cycles. All flip-flops start in the reset state (Q=0).

Hint: Determine the input to the third flip-flop as an intermediate result.

• At which frequencies change the signals A, B and C? What is their duty cycle?

• Interpret A, B and C as the binary representation of a number N with A being
the least and C the most significant bit. What values does N take for the first 10
clock cycles?

• A variation of this circuit is to connect the J-input of the first flip-flop to the
inverted output of the third flip-flop, and to connect the K-input of the third
flip-flop to its non-inverted output.

Draw the clock signal and the outputs A, B and C for 10 clock cycles.



2 Floating Point Numbers

In digital systems, non-integer real numbers are often represented as floating point
numbers :

x = s · be

where s is called the significand or mantissa, b the base and e the exponent. For binary
representation, the base b = 2. The floating point representation is normalized if the
significand s has only a single digit left of the radix point, i.e. 1 ≤ s < b.
The standard IEEE-754 defines floating point representations in single and double
precision. A single precision number uses 24 bits for the normalized significand, 8 bits
for the exponent and one sign bit. The exponent can take values from −126 to +127,
using 254 of the 256 bit patterns while the other two are reserved for marking special
cases. A double precision number uses a 53-bit significand and an 11-bit exponent for
values from −1022 to +1023. As the digit of the mantissa is always 1, it can be omitted
and the total size is 23 + 8 + 1 = 32 bits for a single and 52 + 11 + 1 = 64 bits for a
double precision number.

(a) Convert the number π to a binary floating point number. Give the significand
with a precision of 8 binary digits.

(b) What are the largest and the smallest non-zero positive numbers that a single
respectively double precision floating point number can take? What is the smallest
number greater than 1?

(c) A floating point system contains many but not all integer numbers. Find the
smallest integers that do not have an exact representation in single and double
precision floating point numbers.


