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TIP : One possible way of approaching a question like this is to interchange the orientation of the two axes i.e. try and think of the number of students per subject that fall in each range. 

For your benefit, I have plotted a graph for it. While you may not be able to make something like this in the actual exam, this may aid in your thought process. 
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Question 5: Probably the simplest question of the setGenerally, when the word “maximum” is combined with “all subjects” or “all categories”, it means the opposite in terms of calculations. What I mean is that if there are 6 subjects in a category and the number of people satisfying the condition for that category in the 6 subjects individually is 10, 12, 13, 9, 14 and 15, then more than 9 people will never be able to satisfy the condition of that category for all 6 subjects. Assume that the 9 students are named A to I. It is possible that these 9 students are also part of the students that satisfy the condition of this category for the remaining subjects 9 (i.e. a part of the group of 10, 12, 12, 14 and 15). On the other hand, if the 15 students are named A to O, all 15 can together never be part of the group of 9 students. At least 6 of them will be excluded. (This is basically the concept of the union of some independent intersection sets)



Thus, for a question like this, look at the subject for which the least number of students have satisfied the condition for that category. Apply this logic to each category. 

In the given question:


0 < m ≤ 20 : 4 (English)

20 < m ≤ 40 : 13 (Maths)

40 < m ≤ 60 : 7 (English)

60 < m ≤ 75 : 10 (English)

75 < m ≤ 90 : 10 (Chemistry)

90 < m : 7 (Physics)


Thus, the total number of students that can get the same number of marks = 4 + 13 + 7 + 10 + 10 + 7 = 51 i.e. option 3

Question 1: Similar logic to question 5


Use the same logic as explained in the solution to the previous question. Here the condition to be satisfied is “more than 20 but not more than 90%” and is to be true for all subjects.  (This is again the concept of an intersection set)



Consider the total number of students who got more than 20 but not more than 90 for each subject. 

Maths: 80 – (8 + 14) = 58

Physics: 80 – (12 + 7) = 61

Chemistry: 80 – (15 + 9) = 56

History: 80 – (6 + 11) = 63

English: 80 – (4 + 13) = 63

Geography: 80 – (10 + 8) = 62


Since the lowest sum is 56, the maximum number of people who can satisfy this condition is 56. 

Hence, a number below this is a possible answer option.

 
Hence, the number of students here should be 53. i.e. option 3

 
Question 2 : (In these kind of questions, maximization is always easier. To minimize the given category, try and maximize the range outside it)


Total number of students that have scored more than 40% but less than 75% = 61 + 81 = 145

Now, 145 = (# of students passing in exactly 1 subject) 
    +(# of students passing in exactly 2 subjects)
    +(# of students passing in exactly 3 subjects)
    +(# of students passing in exactly 4 subjects)
                              +(#        of students passing in exactly 5 subjects)

    +(# of students passing in exactly 6 subjects)

The last five terms have to be minimized. This also means that the first term should have its maximum value. This means that the number of students that pass in exactly one subject have to be maximized. 

From a point of view of calculation, note that it is easiest to find the number of students passing in exactly 6 subjects. The other terms lead to multiple combinations. Thus, the easiest way to find the maximum number of students who have passed in exactly one subject is to consider that all the students who have passed in more than 2 subjects have passed in all the 6 subjects. There is no student who has passed in exactly 2 subjects or 3 subjects or 4 subjects or 5 subjects. (Note that this is not conceptually incorrect because if you assume that exactly one student each passed in 2 subjects, 3 subjects, 4 subjects and 5 subjects, the number of students passing in all 6 subjects will reduce by 4. However, the total will remain constant.)



Now, let the number of students who passed in exactly one subject be x and those who have passed in exactly 6 subjects be y.


Since the whole student community consists only of these two groups, x + y = 80. 

Now, let the number of students who got marks in the required range only in Maths be a. 

Similarly, let the number of students who got marks in the required only in Physics, Chemistry, History, English and Geography be b, c, d, e and f respectively. 



∴ The number of students who got marks in the required range in exactly one subject are

a + b + c + d + e + f = x 


The number of students who got marks in the required range in Maths = a + y            

Similarly, the number of students who got marks in the required range for the other subjects is (b + y), (c + y), (d + y), (e + y) and (f + y).

 
Thus, the total number of students who got marks in the required range are given as:

 
(a + y) + (b + y) + (c + y) + (d + y) + (e + y) + (f + y) = x + 6y.

 

This total is also equal to 145


∴ x + 6y = 145


∴ 5y = 65


∴ y = 13



Thus, the minimum number of students who passed in all subjects is 13. 

Hence, the minimum number of students belonging to that category = 13. i.e. option 4.



Question 3: Somewhat similar to the previous question

There are 17 + 8 + 12 + 11 + 7 + 9 = 64 students in the given range.
 
If the number of students within this category is to be maximized, we first need to assume that the number of students outside this category is minimum (i.e. there was no student who got marks in that range in exactly one subject, or in exactly two subjects or in exactly three subjects. 
Now, to maximize the number of students who got marks in that category in atleast 4 subjects, assume that all students in the group got marks in that category in exactly 4 subjects i.e. no body got marks in that category in exactly 5 subjects or in all subjects. 

Now, start with the subject that has the highest number of students in that category i.e. Maths. Now, if each student in this group has passed in exactly 4 subjects, he will be counted once for Maths and once each for the other three subjects that he has passed. Thus, while counting a student, one can consider it as 1(Maths) + 1(group of any three subjects). 

Now, note that the total number of students in this category who have scored marks in this category in the subjects apart from Maths are 47. 

47 = 15 × 3 + 2.


Thus, there are 15 groups of 3 subjects possible. This basically means that for only 15 students in the group of Maths can one count three other subjects (any three) where he would have scored marks in the given category. 

Thus, exactly 15 students would have scored marks in the given category. 

This is the max possible number. i.e. option 2


(In case you still have an issue, look at the bar chart above and try to visualize each column as a summation of blocks of height 1 unit each. Now, take out one block from Maths and one block each from any three subjects. These 4 blocks will be the 4 subjects in which the student passed. You will find that you will not be able to take out more than 15 such sets)


Question 4: Sort of combo of question no. 1, 2 and 3

To minimize the number of students who scored between the given marks in at the most 3 subjects, we need to maximize outside this range i.e. maximize the number of students who scored between the given marks in at least 4 subjects. 

Now, using a logic similar to the previous questions, we can assume that all the students who scored in the given range in atleast 4 subjects did so in exactly 4 subjects). 

The total number of students who scored more than 60% and not more than 90% = 179

Thus, like the previous question, we need to make a group of 4 subjects 

179 = (44 × 4) + 3


Thus, a maximum of 44 students could have passed in exactly 4 subjects. 

{Now, like the previous question we need to check if 44 students is possible. 

Consider the subject where the max number of students passed in exactly 4 subjects. 

This is Physics with 23 + 13 = 36 students.

Thus, there are 179 – 36 = 143 students in the other five subjects.

 

Corresponding to each student for Physics, if you take any set of 3 subjects each for a student, you end with 36 × 3 = 108 students that are counted. This is basically 36 students who have scored in the given range in Physics and three other subjects. Now, there are 143 – 108 = 35 other students who have scored in the given range in subjects, not including Physics. From these 35 students, 8 groups of 4 can be formed at most. This implies that there can be a maximum of 8 more students who scored in the given range in exactly 4 subjects (none of these were having Physics). Thus, 36 + 8 = 44 is the maximum number of students who scored in the given range for exactly 4 subjects.}

 
Hence, the minimum number of students who scored in the given range in at the most three subjects = 80 – 44 = 36 i.e. option 

