
In  1896,  the  discovery  of  gold  in  Tr'ondëk 

Hwëch'in  territory  inspired  over  100,000 

prospectors  to  travel  to  the  Yukon  between 

1897 and 1899, hoping to make their fortune. 

The most difficult part of the route to the gold 

fields was, by far, the Chilkoot Trail.

In  this  assignment,  you  will  use 

mathematical reasoning to gain a sense of 

what the prospectors went through during 

their  quest  for  riches.   Each  question  will 

require you to  identify the information you 

need in order to  answer it.   In many cases 

you will need to estimate quantities based 

on your experience of the world or what you 

see in the images.  There will therefore not be 

one  correct  answer  to  each  question  but 

instead a range of reasonable answers. 

While the Klondike gold rush was certainly an 

exciting time in our history, we must not forget 

that it also represents the beginning of large-

scale  colonization  and  the  dispossession  of 

native peoples in what is now the Yukon.  One 

person’s romance can be another’s  tragedy. 

Nevertheless,  the  Chilkoot  Trail  is  a 

mathematical  gold  mine.  I  hope  you  enjoy 

solving these problems.



Level 1 (Grades 8-10)

1. The  image  on  Page  1 shows  a  line  of 

prospectors climbing the Golden Stairs up to 

Chilkoot  Pass,  the  most  difficult  part  of  the 

Chilkoot Trail.  Estimate the vertical distance 

from the bottom of the image to the pass.

2. How long would  it  take  you to  climb the 

Golden Stairs...without a pack?...with a pack?

3.  If all 100,000 prospectors who participated 

in the gold rush lined up at once, and began 

to climb the hill one by one, how long would it 

take for all of them to have reached the top?

4. To  prevent  hopeful  prospectors  from 

starving  during  their  first  winter,  the  North-

West  Mounted  Police  would  not  let  anyone 

begin the Chilkoot Trail with less supplies than 

the amount shown in this museum exhibit.

How many trips do you think it would take you 

to carry all of these supplies to the top of the 

hill?

5. The Chilkat Tlingit men in the image below 

worked  as  porters,  offering  to  help 

prospectors  carry  their  supplies  over  the 

Chilkoot Trail in exchange for money.

Approximately  how  many  customers  could 

each porter have helped each day?

What portion of the average daily number of 

customers could the men in the picture help?

6. Look back at the image on Page 1.  What is 

the slope of the Golden Stairs?

Hint:  To  give  a  really  good  answer  for  this  

question, you will need to do something about  

the fact that you cannot “see” the horizontal  

distance in the photograph.

7. One way of making a hill easier to climb is 

to  zig-zag  (or  switchback)  up  it.   The 

downside of this technique, of course, is that 

you need to walk further.  How far would you 

need to walk to reach the top of the Golden 

Stairs, while always keeping the slope of your 

path  below  0.05?   What  about  a  slope  of 

0.001?



Level 2 (Grades 11-12)

8. The Chilkat Tlingit were not the only people who 

saw a business opportunity in helping stampeders carry 

goods.   In  1897,  the  Dyea-Klondike  Transportation 

Company  installed  a  tramway  to  lift  supplies  up  the 

Golden Stairs.  The DKTC tramway worked like a ski lift: 

the  cable  was  looped  around  wheels  at  the  top  and 

bottom, and when the wheels turned, the cable moved.

The bottom wheel  of  the  DKTC tramway was located 

inside  (and  took  up  most  of  the  space  in)  the 

powerhouse  in  the  photograph  above.   Approximately 

how many times would this wheel need to turn in order 

to lift one package of supplies to the top of the Golden 

Stairs?  Hint: Use the image on Page 1.

9. Choose  any  point  on  the  top 

wheel  of  the  tramway,  and  any 

package  of  supplies.  Express  the 

height  of  the  point  above  the 

powerhouse floor  as  a  function  of 

the  distance  travelled  by  the 

package.

10.  Of  the  100,000  stampeders 

who  set  out  to  find  gold,  only 

30,000 made it to Dawson City; the 

rest  either  turned  back  or  died, 

usually  somewhere  along  the  53 

kilometer long Chilkoot Trail.

a) Assuming that the same number 

of  remaining  stampeders  turned 

back for every kilometer of the trail, 

at what point on the trail were only 

half of the stampeders left?

b) Assuming that the same portion 

of  remaining  stampeders turned 

back for every kilometer of the trail, 

at what point on the trail were only 

half of the stampeders left?

c) Which  of  the  two  different 

models  above  (steady  rate  or 

steady portion) makes more sense 

to  you?   Are  there  any  problems 

with that model?



Level 3 (Calculus)

The  image  above  is  a  profile  map of  the 

Chilkoot Trail.   It  shows the altitude (vertical 

distance above sea level)  at  different  points 

along  the  trail.   This  type  of  graph  is  very 

useful  for hikers because it  tells them which 

parts of the trail will be the most difficult.

11. Where are the Golden Stairs?

12. What  is  the  net  elevation  gain of  the 

Chilkoot Trail, from start to finish?  

13. If  you  have  ever  hiked  before,  you  will 

know  that  net  elevation  gain  is  not  as 

important as  total elevation gain  (the sum of 

all elevation gains, ignoring elevation losses).

What is the Trail’s total elevation gain? 

14. Could there be a trail whose total elevation 

gain is less than its net elevation gain? Could 

there be a trail whose total elevation gain and 

net elevation gain are equal?  

15. For those of you who have taken physics: 

how much lifting work  would  be required  to 

carry 1000 kg of supplies over the trail?

16. Officially, the Chilkoot Trail is 53.1 

kilometers long.  However, this measurement 

was made by walking along the trail with a 

measuring string, and depends on both 

horizontal and vertical components of 

distance. 

What is the horizontal length of the Trail?



Solutions

Nearly all of these solutions involve making estimates for the values of certain variables.  Your 

estimates might be different than mine,which is fine as long as your numbers are reasonably 

close to mine.  For the questions involving calculations, if you used different numbers than me, you 

will of course have different numerical answers than me, and that is also fine.  But if your answer is 

more than twice as much as, or less than half of, mine, you probably made a mistake somewhere.

1.  Using  the  fact  that  humans  are 

approximately  2  meters  tall,  the  vertical 

distance seems to be somewhere around 100 

meters.

2. This will  of course depend on your hiking 

fitness.  Some of you could probably do this in 

under  5  minutes  without  a  pack.   With  a 

pack, perhaps 10 minutes?  The best way to 

answer  this  for  certain  is  to  time  yourself 

running  up  a  steep  slope.   If  you  live  in 

Whitehorse, try running up the esker between 

the  Lower  Riverdale  Trail  and  the  Upper 

Riverdale Trail.

3. Assume  that  each  prospector  has 

approximately the same level of fitness as you 

do, and use the time you chose in question 2 

(with a pack).   I  will  use 10 minutes as the 

time it takes one prospector to reach the top.

Now you need to figure out how long the line 

of prospectors is.  I have assumed that there 

is a 1 meter gap between prospectors, so the 

line  is  100000  prospectors  ×  1 

meter/prospector  =  100000  m  =  100 

kilometers long.

I have also assumed that the portion of trail in 

the image is 100 meters long.

If  it  takes 10 minutes  for  one prospector  to 

reach  the  top,  then  the  prospectors  are 

moving at 100  meters / 600 seconds = 0.16 

m/s.  The prospector  at  the  back of  the  line 

has  to  walk  100  kilometers  to  get  to  the 

bottom  of  the  hill,  and  then  another  100 

meters to get to the top.  So the total distance 

he must walk is 100100 meters.  This will take 

100100 m ÷ 1.6 m/s  ≈ 62500 seconds ≈  17 

hours. 

As a history teacher, I feel obligated to point 

out  here  that  not  all  stampeders  took  the 

Chilkoot trail to the gold fields.  Some took the 

nearby  White  Pass  Route,  others  took  an 

overland route from northern Alberta, and still 

others  travelled  by  sea to  the  mouth  of  the 

Yukon River and then upriver, avoiding hiking 

completely.   But,  of  the  four  routes,  the 

Chilkoot Trail was the most “popular.”

4. This is another question that is more about 

estimating than calculating.  Personally, I think 

it would take me about  25 trips to haul all of 

those supplies up the hill.



5. Based on all we’ve figured out so far, one 

extremely fit person could probably carry 

about 5 loads per hour.  Since each 

stampeder needed about 25 loads carried, it 

would take one porter 5 hours to carry the 

supplies for one stampeder up the hill.

Here’s where we need to make an important 

modelling decision: do we assume that 

stampeders sat idly by while the Tlingit porter 

carried their supplies (in which case, it would 

take a porter 5 hours to finish the job), or that 

they worked together (in which case, it would 

take them 2.5 hours)?  This would have 

depended on how wealthy the stampeder 

was.  I’m going to assume that the majority of 

stampeders who hired Tlingit porters worked 

alongside their hirees.  Then a porter could, 

in one entirely exhausting 10-hour day, 

help 4 stampeders.

To calculate the portion of each day’s 

stampeders that this represented, we need to 

know how many stampeders went through 

Chilkoot pass on an average day.  While there 

were probably seasonal fluctuations in the 

number of travellers, the trail was open year-

round.  The “stampede” lasted for 

approximately 2 years (1897-1899) ≈ 700 

days.  So the average number of stampeders 

on an average day was 100000 ÷700 ≈140.

The 9 men in the photograph could help 4×9 = 

45 stampeders per day, or about one-third.

Keep in mind, however, that we are only 

talking about one 100-meter long section of a 

53 kilometer-long trail.  There were many, 

many porters involved in the Gold Rush, and 

there were also many, many stampeders who 

could not afford to hire their services.

6. We have already estimated that the height 

of  the  Golden  Stairs  is  approximately  100 

meters.   Using  the  height  of  an  average 

person as our benchmark again, it seems that 

the length of the trail is about 150 meters. We 

now have two sides of a right-angle triangle:

Let  x  be  the  horizontal  distance (in  meters) 

from the bottom of the photograph to the top 

of  the  hill.   By  the  Pythagorean  Theorem, 

x2
+1002

=1502
→x≈100 meters.   So  the 

slope of the Golden Stairs is 100 meters ÷ 110 

meters  ≈ 0.9.



7. There  is  a  hard  way  to  solve  these 

problems, and there is an easy way.  The hard 

way is to represent the Stairs as a 100-meter-

tall  rectangle,  and  actually  plan  out  a  zig-

zagging  path  up  it,  using  lines  with  slope 

equal to 0.05 (or 0.001). It is then possible to 

calculate  the  lengths  of  all  the  switchbacks 

(using  the  Pythagorean  Theorem)  and  add 

them all up. 

 

But there are so many switchbacks (especially 

for the questions with slope less than 0.001), 

that this would be extremely impractical.

The easy way is to recognize that all of these 

zigs and zags can be made to be identical. 

Therefore it is only necessary to calculate the 

length of one of them and then multiply by the 

required number of zigs and zags.

It  is  also  possible  to  abstract  the  zigs  and 

zags as  a  single  diagonal  line  with  slope = 

0.05  and  vertical  rise  =  100  meters.   The 

following geometric algorithm shows why:

i. Begin with the “real-life” switchback diagram 

as above.

ii.  Starting in the bottom-left corner, move 

upwards and to the right until you hit a 

switchback.

iii.  Now imagine  taking  all  the  paths  above 

you,  and reflecting them over  a  vertical  line 

that passes through where you are standing.

Clearly,  the  length  of  the  reflected  path  is 

equal to the length of the original path.  But 

you  will  notice  that  you  are  now  able  to 

continue moving up and to the right, along a 

continuation of  the line you started on,  until 

you hit another zag.

iv.  Repeat Step 3 until you reach the top.  You 

will   now have a straight diagonal  path with 

the desired slope that is the same length as 

the zig-zag path.

For the first part of the question, we wished to 

make the slope at most  0.05.   The shortest 

diagonal path that fits this criteria must have 

slope  =  0.05.   This  implies  that,  in  the 

following  right-angle  triangle,  0.05  =  100 

meters ÷ x.

 



so  x  =  2000  meters.   By  the  Pythagorean 

Theorem,  the  total  length  of  the  path  is 

√20002
+1002  ≈ 2000 meters or 2 km.

A similar  argument  for  when  slope  ≤ 0.001 

gives a path-length of approximately 100 km.

8. The  powerhouse  seems  to  be  about  5 

meters  tall,  and  could  therefore  contain  a 

wheel  with  a  diameter  of  4  meters  without 

being overly crowded.  Each turn of this wheel 

will move the cable by a distance equal to the 

wheel’s  circumference,  4  meters  ×   ≈  12�  

meters.  Using  some  of  the  work  from 

Question 6, we see that the total distance the 

cable  must  move  to  hoist  one  package  of 

supplies to the top of Golden Stairs is about 

150 meters.  Therefore, the number of wheel-

turns  required  is  close  to  150  meters  ÷  12 

meters/turn ≈ 12 turns.

9. I will assume that my package of supplies is 

beginning at the bottom of the tramway, and 

that my point on the wheel is also beginning at 

the bottom of the powerhouse.  

I will also assume that the bottom of the wheel 

is 0.5 meters above the powerhouse floor (this 

will  position  it  in  the  vertical  centre  of  the 

powerhouse.   The  wheel  makes  one  full 

revolution  for  every  12  meters  the  package 

moves.  But my number 12 was originally an 

approximation of 4 , so I will  use that value�  

for  the  period  to  make  my  trigonometric 

function simpler.  Therefore, a possible 

equation  for  the  point’s  height  is 

h(d )=−2cos (0.5x)+2.5

where d is the distance travelled by the 

package. The domain of this function is 

d∈[0,150]   and its range is h∈[0.5, 4.5]

10a. First of all, this question is not really 

historically accurate.  Not all stampeders took 

the Chilkoot Trail route: some took the White 

Pass Route, the overland Canadian route, or 

the Alaskan coastal route (see solution to 

question 3).  Nevertheless, I have answered 

this question as if 100,000 stampeders really 

did start the Chilkoot Trail.

The total number of stampeders who turned 

back was 70,000.  If the same number of 

stampeders turned back for every kilometer of 

the 53-kilometer-long trail, then about 1320 

turned back per kilometer.  Therefore, the 

number of stampeders, s, left after x 

kilometers can be represented by the 

arithmetic sequence sn=100000−1320n .

Since we would like to know when exactly half 

of the stampeders were left, we need to let  

50000 = 100000 - 1320n

Solving for n gives n ≈ 38 km.

So, half of the stampeders were left after 

the 38 km mark on the Trail.

10b. If the same portion of remaining 

stampeders dropped out at each 

kilometer, then sn will be a geometric 

sequence of the form 



sn=100000(1−r )n  where r  is the 

portion of stampeders who turned back 

or died at every kilometer.

To find r , we use the fact that
s53=30000

→30000=100000 (1−r )
53

→0.3=(1−r )
53
→(0.3)

(
1
53

)

=1−r

→0.978≈1−r →r≈0.022

which  means  that  2.2%  of  the  remaining 

stampeders  turned  back  or  died  for  every 

kilometer of the trail.  To find the kilometer at 

which  half  of  the  stampeders  were  left,  we 

solve the equation 50000=100000(0.978)n

→0.5=(0.978)
n

→log0.978(0.5)=n
→log10(0.5)÷log10(0.978)=n

We now have an expression we can evaluate 

using  a  calculator.   We  find  that  n≈31

kilometers.  So, using the exponential model, 

half of the stampeders would have made it 

as far as the 31 kilometer mark.

10c. The  model  you  prefer  will  depend  on 

your view of human diversity  and actions in 

the face of extreme difficulty.  

If  you think  that  each kilometer  would  have 

been just as hard as the one before it, then 

the  exponential  model  (10b)  makes  more 

sense, because there are more stampeders, 

and thus potentially more deaths and reasons 

to give up, near the beginning of the Trail.  

If you think that most of the stampeders would 

have found that the Trail became harder and 

harder the farther they went (perhaps 

because they were growing tired, or had used 

some some of their best food and equipment), 

then the arithmetic model (10a) makes more 

sense.

However, if you think that most of the 

stampeders who made it past the first few 

kilometers were “tougher” than the ones who 

did not, you should prefer a completely 

different model in which the portion of 

stampeders who die or give up actually 

decreases along the trail.  Can you create a 

sequence that satisfies this requirement?The 

largest inaccuracy of both the arithmetic and 

exponential model, in terms of modelling the 

real world, is that not all kilometers of the 

Chilkoot Trail were equal.  As you have seen, 

the 100-meter-long Golden Staircase was 

extremely arduous.  Yet some parts of the trail 

were flat, or even downhill.  Most people 

probably died or turned back on the uphill 

parts of the trail.

There are plenty of other sources of error in 

the two models.  Rather than look for the 

“answer” here, discuss with a friend, and 

see how many you can come up with.



11. The Golden Stairs are near the 27- km 

mark; you can tell because that is where the 

slope of the profile map is greatest.

12. The net elevation gain along the trail is 

approximately 700 meters; this is the 

difference between the final elevation and the 

initial elevation.

13. Calculating the total elevation gain of a 

trail is conceptually tricky, because the result 

will depend on how far we “zoom in.”  For 

example, if a hiker clambers over a boulder, 

should the boulder's height be included in the 

total elevation gain?  Looking even closer, if 

there is a small mound of dirt on the path, and 

the hiker steps onto it and then off of it, should 

the height of that mound of dirt be included? 

Clearly, the profile map we have to work with 

does not permit that level of accuracy.

What I have done in this answer is add 

together all the “significant” elevation gains 

that are highly visible on the profile map.  The 

table below shows my (imperfect) data.

Interval (km) Elevation Gain (m)

[0,1] 100

[5, 11] 100

[12, 15] 250

[16, 27] 900

[32, 34] 50

[42, 44] 100

[47, 48] 50

Total 1550

14. It is impossible for a trail's total elevation 

gain to be less than its net elevation gain, and 

the two can only be equal to each other if the 

trail never descends.  

The net elevation gain can be defined as 

∣G∣−∣L∣ , where G is the of the total 

elevation gain, and ∣L∣ is the total elevation 

loss.  Since ∣L∣ cannot be negative, 

∣G∣−∣L∣≤∣G∣ , and therefore the net 

elevation gain cannot be larger than the total 

elevation gain.

More abstractly, this is an illustration of the 

Triangle Inequality, an important theorem 

that states that if a and b are real 

numbers, then ∣a∣+∣b∣≤∣a+b∣ .  Verify for 

yourself that this is true!  The triangle 

inequality – along with its generalizations to 

objects other than real numbers – is a central 

idea in the mathematical field of metric-space 

topology, a kind of abstract calculus that you 

will learn about in university if you study 

mathematics.

15. Based on my calculation of a 1550 meter 

total elevation gain, it would take 

approximately 10 N/m × 1550 m × 1000 kg = 

15500000 J ≈ 1.5 × 107 Joules.  The fact that 

the net elevation gain is only 700 m is 

irrelevant. Unlike a ball in a halfpipe or a 

comet orbiting the Sun, hikers are not able to 

convert much of the potential energy they lose 

(by descending) into kinetic energy.



16. To calculate the strictly-horizontal length of 

the trail, I first calculate the arc length of the 

profile  curve,  using  the  measured length  as 

my x-axis.  This will produce a length longer 

than 53.1  km,  and the  factor  by  which  it  is 

longer  will  be  the  factor  that  the  horizontal 

length of the trail was overestimated by.  

Measuring  the  length  of  the  curve  can  be 

done by breaking the curve into many small 

sections,  and  approximating  the  length  of 

each section using the Pythagorean Theorem.

The smaller I make the segments, the closer 

their sum will be to the arc length of the curve. 

I  have  divided  the  curve  into  10  segments 

defined  over  5-kilometer-long  intervals,  and 

an 11th segment defined over the remaining 

3.1 kilometers.  The chart to the right shows 

my  results.  As  you  can  see,  the  difference 

between  the  horizontal  distance  and  the 

measured  distance  is  negligible,  and  so 

(based on this test),  the horizontal  length of 

the trail is fairly close to the official length of 

53.1  kilometers.   Do  you  think  my  solution 

would  have  been  significantly  different  if  I 

divided the curve into 100 segments, or 1000, 

instead of 11?

Interval 
(km)

 X (m)�  Y (m)� Length (m)

[0, 5] 5000 0 5000

[5,10] 5000 50 5000

[10,15] 5000 250 5006

[15,20] 5000 0 5000

[20,25] 5000 500 5024

[25,30] 5000 150 5002

[30,35] 5000 0 5000

[35,40] 5000 -250 5006

[40,45] 5000 50 5000

[45,50] 5000 -50 5000

[50,53.1] 3100 0 3100

Total 53100 700 53138

For functions which (unlike the height function 

of the Chilkoot Trail) have a well-defined 

algebraic formula, there is a perfectly 

accurate way of finding their arc length.  It 

involves a technique similar to the one I used 

here, and,  it involves integrals. Can you 

come up with a method that will work?


