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January 11: First Clinical Use of the X-Ray

Use the clues on the next page to find the Mystery Year.

Mystery Year
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January 11: First Clinical Use of the X-Ray 

On January 11 of the Mystery Year, British doctor 
John Hall-Edwards took the first X-rays under 
clinical conditions. He X-rayed a sterilized needle 
that had been placed under the skin of an associate. 
X-rays provide visibility into the body to allow doctors 
to view images of the bones an  d other structures. 
This helps them diagnose and fight various diseases. 

A year prior to Hall-Edwards’ use of the X-ray, 
German physicist Wilhelm Röntgen accidently 
discovered the X-ray phenomenon. But he did not 
know why it worked or what it was. So, drawing upon 
his background in math — where we let x stand for 
the unknown, he called his discovery X-radiation! 

 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 

Use these clues involving unknowns to find the Mystery Year.  

1. You add $55 to your bank account. The new balance is $443. What was your 
previous balance? Which two equations below could be used to solve the problem, 
where x stands for your previous balance? 
(1) x + 443 = 55     (2) 55 + x = 443    (3) 55 + 443 = x    (4) 443 – x = 55    (5) x – 55 = 443     
When you add the two correct answer choice numbers together,  
(1, 2, 3, 4, or 5), you will have the ones digit of the Mystery Year. 

2. Jamie is 8 years older than Xavier. The sum of their ages is 110. How old is Jamie? 
Set up and solve an equation. 
The digit in the ones place of Jamie’s age is the tens digit of the Mystery Year. 

3. A student incorrectly solved the equation 6x – 2 = 5x + 3 as shown below.  
Step 1:  6x – 2 – 5x = 5x + 3 – 5x 
Step 2:  x – 2 = 3 
Step 3:  x = 3 – 2 
Step 4:  x = 1 

At what Step number did the student 
make a mistake? Now find the correct 
solution. Add the Step number where the 
error occurred to the correct solution.  

The sum of the Step number where the error occurred and the correct 
solution of the equation is the hundreds digit of the Mystery Year.  

4. Use this clue as a check on the other clues: This scale is in 
balance. The weight of each circle is 5 units. Find the 
weight of a triangle. (Each triangle has the same weight.) 
When you multiply the triangle’s weight by  
0.9 • (600 + 32), you will have the Mystery Year. 

 
 
 
  

   
 

         
 Thousands Hundreds Tens  Ones 

X-Rays: Photography  
of the invisible 
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How to Use Math History-Mystery Puzzles
Warm-up Activities for Middle School

PROFESSIONAL DEVELOPMENT SUPPORT
Provided with each puzzle are extensive Teacher Notes with sample, step-by-step  
solutions and scaffolding strategies that include valuable teacher information.
➤ Step-by-Step Solutions are designed so even beginning teachers will 

be well-equipped to help all students. Alternative solution strategies are 
detailed to illustrate various paths to the solution.

➤ Math Notes provide additional mathematical background for the teacher. 
This includes various pedagogical insights that include an analysis of 
related common student misconceptions with intervention suggestions. 

➤ Extensions allow advanced students to take the content to the next level.
➤ Multicultural Notes bring to light the contributions from various cultures  

related to the discovery/development of the content of the puzzle.
➤ Historical Notes provide further context for the theme of the puzzle.  

Often these notes delve into social justice issues related to the theme of the 
puzzle. Included are links to video clips and uplifting quotes.

To download a FREE, more extensive document describing how to use the puzzles,  
go to: https://www.teacherspayteachers.com/Product/7037642

OVERVIEW 
These puzzles connect mathematics to other disciplines, inspirational individuals, historical & 
current events, social justice issues, and pop culture — to reflect the diverse nature of our society. 
Each puzzle has brief information and questions about a specific day in history.

 Mystery Year Each puzzle begins with the critical reading of a passage of historical 
information about a particular person or event in a Mystery Year. Students use math 
clues to determine the year when the event occurred. Each clue produces a digit of 
the Mystery Year, and the final clue provides a check on the other clues.

 Bellringers The puzzles are ideal for warm-ups, sponge activities, skills-review/test 
prep, enrichment/challenge activities, mini-lessons –– and even as activities for use 
with math clubs.

 Test Prep The math content of the warm-ups is based on a daily mixed review of 
skills. By revisiting a variety of important skills on a daily basis, students are likely to 
keep those skills sharp for the high-stakes tests that they will be taking later in the 
year. And the real-world contexts keep students engaged.

 Common Core State Standards The skills/concepts addressed in the puzzles 
are drawn from the Common Core State Standards for Mathematical Content and 
Mathematical Practice from Grades 5–8. Overall, the skills increase in difficulty as the 
year progresses. It should be noted that many high-school teachers are using the 
puzzles with success to provide students with important skills review in context.

CCSS
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Teacher Notes and Sample Solution Strategies for January 11 
 
January 11: First Clinical Use of the X-Ray 

CCSS: 6.EE.5, 6.EE.6, 6.EE.7, 6.EE.9, 7.EE.4, 8.EE.7, MP2 (Reason Abstractly 
and Quantitatively). 

Mystery Year: 1896 
Note: This puzzle includes a special Extension on the final three pages,  
“Solving for x: A Circuit Training Exercise.” 

1. Students are posed with the following problem:  
You add $55 to your bank account. The new balance is $443.  
What was your previous balance? 

Which two equations below could be used to solve the problem, where x stands for 
your previous balance? 
(1) x + 443 = 55   (2) 55 + x = 443  (3) 55 + 443 = x  (4) 443 – x = 55  (5) x – 55 = 443     
Students should analyze each choice until they arrive at the two equations that could 
be used to solve the problem. 
Choice (1) is incorrect because it states that if you find the sum of your previous 
balance and the new balance, you will obtain the amount you added to your bank 
account.  
Choice (2) is correct because it states that if you find the sum of the amount you 
added to your account to the previous balance, you will obtain the new balance. 
Choice (3) is incorrect because it states that if you find the sum of the amount you 
added to your account to the new balance, you will obtain your previous balance.  
Choice (4) is correct because it states that if you subtract your previous balance from 
the new balance, you will obtain the amount you added to your account. 
Choice (5) is incorrect because it states that if you subtract the amount you added 
from your previous balance, you will obtain your new balance.  
The sum of 2 and 4 is 6, so the ones digit of the Mystery Year is 6. 

Math Note: Have students solve one or both of the two correct equations. 
o 55 + x = 443   Answer choice (2) 

x = 443 – 55 Subtract 55 from each side of the equation. 
x = 388 Perform the subtraction. 
So, the previous balance was $388. 

o 443 – x = 55  Answer choice (4) 
443 = 55 + x Add x to each side of the equation to avoid working with negative x. 
443 – 55 = x Subtract 55 from each side of the equation to isolate x. 
388 = x Perform the subtraction. 
So, the previous balance was $388. 

Math Note: Although the equals sign is probably the most common symbol used in 
math, research suggests that many students at all grades do not develop adequate 
understandings of its meaning. Carpenter et al. (2003) contend that a “limited 
conception of what the equals sign means is one of the major stumbling blocks in 
learning algebra.” To find out what middle school students think about the 
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meaning of the equals sign, Knuth et al. (2008) posed the following questions to them 
and analyzed their responses:  

Answer the following questions about this statement: 
 3 + 4 = 7 
 Û 

a. The above arrow points to a symbol. What is the name of the symbol? 
b. What does the symbol mean? 
c. Can the symbol mean anything else? If yes, please explain. 

Student responses to parts (b.) and (c.) were classified into two categories:  
relational thinking or operational thinking. 
A response was categorized relational if the student expressed the idea that the equals 
sign represents an equivalence relation between two quantities. These students 
often say, “What is to the left and right of the sign mean the same thing.” They often 
mention that the two sides of the equation are balanced. Relational thinking is what 
the researchers hoped to find, but it was achieved by less than 40% of the students. 
(29% at Gr. 6, 36% at Gr. 7, 46% at Gr. 8). 
A response was categorized operational if the student expressed the idea that the sign 
means “Add the numbers” or “The answer.” They may say, “Tells what is the sum of 
the two numbers,” or “A sign connecting the answer to the problem,” or “The total.” 
(The percent of Operational Thinkers at each grade in the study were 58% at Gr. 6, 
52% at Gr. 7, and 45% at Gr. 8). 
Behr et al. (1980) found that young students often think the equals sign separates 
“the problem” from “the solution.” They see the equals sign as a signal to perform 
an operation — rather than as a symbol of equality and balance. Behr found that 
children do not change this thinking as they get older. These students may 
erroneously conclude that the solution for  c + 3 = 11 is 14, the solution for  
12 = c ´ 4 is 48, and the solution for 4 + 7 = c + 5 is 16. Such erroneous thinking is 
especially common among students who are only exposed to number sentences where 
the unknown is alone on one side of the equation, as in  8 + 7 = c .    
In solving the equation 55 + x = 443, students who add 55 to each side of the equation 
are likely to be operational thinkers.  

Carpenter, Thomas, Franke, Mega, and Levi, Linda (2003). Thinking Mathematically: Integrating Arithmetic and Algebra in 
the Elementary School. Portsmouth, NH: Heinemann. 

Knuth, Eric J., Alibali, Martha W., Hatikudur, Shanta, McNeil, Nicole M., and Stephens, Ana C. (May 2008). “The 
Importance of Equal Sign Understanding in the Middle Grades,” Mathematics Teaching in the Middle School 13(9), pp. 
514–519. 

Behr, Merlyn J., et al. (1980). “How Children View the Equals Sign,” Mathematics Teaching 92, pp. 13–15. 

2. Students are posed with the following problem:  
Jamie is 8 years older than Xavier. The sum of their ages is 110. How old is 
Jamie? Set up and solve and solve an equation. 

For some students, you may need to provide the following scaffolding: 
Hint: Let x = Xavier’s age. Then x + 8 = Jamie’s age. 

Equation: x    +    (x + 8)    =    110 
 Xavier Jamie Total 
 2x  + 8 = 110 Combine like terms. 
 2x = 102 Subtract 8 from each side of the equation. 
 x = 51 Divide each side of the equation by 2.  
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So, Xavier is 51 years old, and Jamie is 51 + 8, or 59 years old. The digit in the ones 
place of 59 is 9, so the tens digit of the Mystery Year is 9.  

Math Note: A common error in setting up the equation is to write x + 8 = 110, 
obtaining a solution of 102 — rather than setting up x + (x + 8) = 110. Ask: Is 102 a 
reasonable age for Xavier? Explain. (No. If Xavier were 102, then Jamie would be 
110 — and the sum of their ages would be 212 rather than 110.) Advise students that 
for such “age problems,” it is helpful to write the names of the individuals below the 
terms to ensure that each age is fully accounted for in the equation. 

3. Students are asked to determine at what step in the solution process for solving  
6x – 2 = 5x + 3 did the students make a mistake: 

Step 1:  6x – 2 – 5x = 5x + 3 – 5x 
Step 2:  x – 2 = 3 
Step 3:  x = 3 – 2 
Step 4:  x = 1 

Step 1 is correct because 5x was subtracted from each side of the equation. 
Step 2 is correct because the subtraction of 5x from each side was carried out. 
Step 3 is incorrect because 2 was added to the left side, but 2 was subtracted from 
the right side. 
Step 4 is correct because the right side of the equation was simplified. 

The correct solution is found as follows: 
Step 1:  6x – 2 – 5x = 5x + 3 – 5x Subtract 5x from each side of the equation. 
Step 2:  x – 2 = 3 Perform the subtraction. 
Step 3:  x = 3 + 2 Add 2 to each side of the equation. 
Step 4:  x = 5  Add to simplify the right side. 

So, the solution is x  = 5. When 3 (the step number in Step 3) is added to 5 (the 
solution), the sum is 8. So, the hundreds digit of the Mystery Year is 8.   

4. Students are told that this scale is in balance, and that the 
weight of each circle is 3 units. They are to find the 
weight of a triangle (where each triangle has the same 
weight). The clue may be solved by using reasoning or 
by setting up and solving an equation. 
o Using reasoning: The total weight on the left side of the scale is 3 • 5, or 15 units. 

Because the scale is in balance, the right-hand side of the scale must also have a total 
weight of 15 units. Because there is a circle on the right side, we know that the total 
weight of the three triangles is 15 – 5, or 10 units. Because each triangle has the same 
weight, the weight of each triangle is 10 ÷ 3, or 3  units. 

o The following equation represents the problem, where x is the weight of a triangle:  
3 • 5 = 5 + 3x 
15 = 5 + 3x Multiply. 
10 = 3x Subtract 5 from each side of the equation. 
3  = x Divide each side of the equation by 3. 

When we multiply the triangle’s weight (3 ) by 0.9 • (600 + 32), we have: 

1
3

1
3

1
3
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(3 ) • [0.9 • (600 + 32)] 

(3 ) • [0.9 • (632)] Add inside the parentheses. 

(3 )  • [568.8] Multiply inside the brackets.  

1,896  Multiply:  • 568.8 = 1,896. 

The digits of the Mystery Year determined so far are __ 8 9 6, and 1 is the only 
reasonable digit for the thousands digit. So, 1896 checks as the Mystery Year.  

Historical Notes: John Hall-Edwards was born on December 19, 1858. In February of 
1896, Hall-Edwards took the first radiograph to direct a surgical operation. Hall-Edwards 
is also credited with having taken the first X-ray of the human spine. 
X-rays are a form of electromagnetic radiation, and exposure to high dosages can mutate 
a person’s DNA and cause cancer. However, the safeguards we have today to protect 
doctors and patients were not in place back when Hall-Edwards did his early work. In 
1904, Hall-Edwards suffered from a form of cancer in his arm that was then called X-ray 
dermatitis. This caused him to write white papers and to speak publicly about the dangers 
of X-rays. This, in turn, led to the use of protective measures to protect against radiation 
— but it was too late for Hall-Edwards. In 1908, his left arm had to be amputated at the 
elbow. Not long after that, four fingers on his right hand also had to be amputated. He 
died of cancer in 1926. It should be emphasized that in general, the benefits in diagnosing 
and fighting disease far outweigh any risks associated with X-rays. 
John Hall-Edwards is one of 169 individuals included on the Monument to the X-ray and 
Radium Martyrs of All Nations that was unveiled at S. Georg Hospital in Hamburg, 
Germany in 1936. The monument honors those who died due to their work with the use 
of radiation, and in particular, the use of X-rays in medicine. A translation of inscription 
on the memorial appears below: 

To the Rontgenologists and radiologists of all nations,  
To the doctors, physicists, chemists, technicians, laboratory assistants and nurses  
who sacrificed their lives in the fight against disease.  
They were valiant pioneers in the effective  
and safe use of X-rays and radium in medicine. 
Immortal is the glory of the work of the dead.  

World Radiography Day is held annually on November 8  to commemorate Wilhelm 
Röntgen’s accidental discovery of the X-ray on November 8, 1895. The special day 
promotes the role of medical imaging in modern healthcare. 

“Great discoveries are made accidentally less often than the populace likes to think.” 
—William Cecil Dampier (1867–1952), British Scientist,  

commenting on how an accident led to the discovery of X-rays 

“All bodies are transparent to this agent… . For brevity’s sake I shall use the expression 
‘rays’; and to distinguish them from others of this name I shall call them X-rays.” 

—Wilhelm Röntgen (1845–1923) 

Note: A special Extension, “Solving for x: A Circuit Training Exercise,” appears on 
the following page. The Extension is followed by two pages of solutions. 

  

1
3
1
3
1
3

10
3
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Extension 

Solving for x: A Circuit Training Exercise 
 

 

   
 

 

For this Circuit Training Exercise, you may start with any of the six problems, A–F.  
In each case, solve for x. Then locate the box that has that solution in the lower right 
corner. That is the problem you are to work next, continuing until you arrive back to the 
first problem with which you started.  
You will know if you have an error if you do not see your solution in one of the boxes 
and/or if your work does not take you in a complete “circuit.” 

[A]  
What is the missing x-coordinate for the 
point on the graph ( x, 2.5)? 

 

[B]  
Solve for x: 

  

 
 

 
 

[C]  
Solve for x: 

–4x – 7 = 3x 
 

[D] 
Three siblings (Fran, Stan, and Dan) 
have ages that are consecutive odd 
integers. The sum of their ages is 
81. Find the age of Fran, the 
youngest. Set up an equation, letting 
x represent the age of Fran.  

[E] 
Joe has $50 saved. This is $20 more 
than  the money Moe has saved.  

Let x represent the amount of money 
Moe has saved. Set up an equation 
representing this scenario and solve to 
find out how much money Moe has 
saved. 

 

[F] 
Solve for x: 

–4x – 7 = 3 
 

3
x

 =  
18
12

1
2

60 –1 

–1  1
2 5 

2 25 

PREVIE
W



©ActiveMath®, Inc., 2022     activemath.com     Math History-Mystery Puzzles: January 11 

Solutions for the Extension 
It does not matter with which problem students choose to begin. The Solutions begin with 
problem [A]. 

[A] Students may employ a variety of ways to determine the missing x coordinate of the 
point (x, 2.5). Such ways include: 
o Interpreting the point by going up the y-axis to 2.5 and then moving horizontally 

until the point in question lies on the line, which corresponds to an x coordinate of 5. 
o Applying proportional reasoning and understanding of slope: The points (4, 2) 

and (6, 3) are on the segment; therefore, (5, 2.5) would likewise be on the 
segment. This is because for every change of 1 unit of y, there is a change of  
2 units of x. So, a change of just 1 unit of x produces a change of 0.5 unit of y; 
hence, the ordered pair (5, 2.5). 

Because the solution to [A] is 5, this leads to problem [D] as the next problem to 
solve. 

[D] In solving this “consecutive odd integer” age problem, students could: 
o Apply reasoning and/or guess, test, and revise: 

Some students may choose to not solve algebraically but, rather, reason that by 
dividing 81 by the number of siblings, 3 in this case, gives an “average age” of 27 
for the group. Knowing this is the age of the middle sibling, subtracting 2 and 
adding 2 determines the ages of the youngest and oldest siblings. Therefore, the 
age of Fran, the youngest sibling, is 25. 

o Solving algebraically 
Let x = Fran’s age, the youngest. 
Then, x + 2 = Stan’s age,  
and x + 4 = Dan’s age. 
Equation: (x) + (x + 2) + (x + 4) = 81 
Solving:  3x + 6 = 81 Combine like terms. 
 3x = 75 Subtract 6 from each side of the equation. 
 x = 25  Divide each side of the equation by 3. 

Fran is 25, Stan is 27, and Dan is 29 years old. 
Because the solution to [D] is 25, this leads to [F] as the next problem to solve. 

[F] Solve for x:    –4x – 7 = 3 
 –4x = 10 Add 7 to each side of the equation.  

 x =  –  Divide each side of the equation by –4.  

  x = –1   Convert the fraction to a mixed number.  

Because the solution to [F] is –1 ,  this leads to [C] as the next problem to solve. 

 
  

10
4

1
2

1
2

Note: A common student error in 
setting up this equation is forgetting 
that the numbers increase by 2 
rather than 1. 
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Solutions for the Extension (continued) 

[C] Solve for x:    –4x – 7 = 3x 

 –7 = 7x  Combine like terms by adding 4x to each side. 

 –1 = x  Divide each side of the equation by 7. 

Because the solution to [C] is –1,  this leads to [B] as the next problem to solve. 
 

[B]  Solve for x: 

  

36 = 18x  Cross multiply. 

2 = x  Divide each side of the equation by 18. 

Because the solution to [B] is 2,  this leads to [E] as the next problem to solve. 

[E] It is given that Joe has saved $50, and that amount is $20 more than  the money 

Moe has saved. Letting x represent Moe’s amount, this translates into the following 
equation:   

 50 = 20 + x 

 Solving: 30 = x	  Subtract 20 from each side of the equation. 

 60 = x  Multiply each side of the equation by 2. 
  Moe has $60 saved. 

Because the solution to [E] is 60,  this leads back to [A], and the circuit is complete! 

3
x

 =  
18
12

1
2

1
2

1
2

Note: Alternatively, students could apply 
proportional reasoning and think, “Because  
3 • 6 = 18, then x • 6 =12. So, x has to be 2.” 
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