Answers: Representing Negative Numbers in Binary
28 marks in total
Recall and use the rules	Support · 5 marks
1.	Binary is a number system that uses only the digits 0 and 1.	[1]
Accept ‘base-two number system’ if the use of 0 and 1 is clear.
Spec: 1.4.1c
2.	sign	[1]
Spec: 1.4.1c
3.	−8, 4, 2 and 1.	[1]
All four values are required.
Spec: 1.4.1c
4.	B: 1101₂	[1]
0101₂ is +5; 1011₂ is −3 in sign and magnitude; 1001₂ is −1 in sign and magnitude.
Spec: 1.4.1c
5.	1010₂.	[1]
The first bit is 1 for negative and 010 represents magnitude 2.
Spec: 1.4.1c
Apply both methods	Core · 10 marks
6.	The sign bit is 1 because the number is negative. The magnitude 6 is 110₂, so −6 is 1110₂.	[2]
Award 1 mark for the correct sign and magnitude and 1 mark for 1110₂.
Spec: 1.4.1c
7.	+6 = 0110₂; invert every bit: 1001₂; add 1: 1001₂ + 0001₂ = 1010₂. Therefore, −6 = 1010₂.	[3]
Award one mark for each correct stage. Do not accept 1001₂ as the final answer.
Spec: 1.4.1c
8.	−2, because the first bit is the negative sign and 010₂ is magnitude 2.	[1]
Spec: 1.4.1c
9.	−8 + 0 + 2 + 0 = −6. Therefore, 1010₂ represents −6.	[2]
The calculation must use −8 as the leftmost place value.
Spec: 1.4.1c
10.	Sign and magnitude: 1011₂. Two’s complement: 1101₂.	[2]
Award 1 mark for each correct representation. For two’s complement, +3 = 0011₂, invert to 1100₂ and add 1 to obtain 1101₂.
Spec: 1.4.1c
Compare and explain	Stretch · 13 marks
11.	As sign and magnitude, 1110₂ is −6: the first bit, 1, means negative and 110₂ has magnitude 6. As two’s complement, 1110₂ is −2: −8 + 4 + 2 + 0 = −2. The methods give the leftmost bit different meanings.	[4]
Award 1 mark for each correct interpretation, 1 mark for the sign-and-magnitude explanation, and 1 mark for the two’s complement calculation or comparison of meanings.
Spec: 1.4.1c
12.	Four-bit sign and magnitude represents −7 to +7 and has both +0 and −0. Four-bit two’s complement represents −8 to +7 and has one zero. The ranges differ because sign and magnitude uses one bit only for the sign, whereas two’s complement gives the leftmost bit the value −8 and uses all bit patterns in one continuous system.	[3]
Award 1 mark for the sign-and-magnitude range, 1 mark for the two’s-complement range, and 1 mark for a correct explanation or mention of the different zero representations.
Spec: 1.4.1c
13.	In sign and magnitude, the first 1 is the negative sign and the remaining 000₂ is magnitude zero, so the value is −0. In two’s complement, the place values are −8, 4, 2 and 1; only the −8 place is set, so the value is −8.	[3]
Both interpretations and the relevant reasoning are required.
Spec: 1.4.1c
14.	The leftmost bit is a sign bit in sign and magnitude, but not in two’s complement. In sign and magnitude, 1011₂ is −3 because 1 is the sign and 011₂ is magnitude 3. In two’s complement, 1011₂ is −5 because −8 + 0 + 2 + 1 = −5.	[3]
Award 1 mark for identifying the misconception, 1 mark for the sign-and-magnitude example and 1 mark for the two’s complement example.
Spec: 1.4.1c
