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Succession Ceremony, 18 December 2020.  

 

Valedictory Lecture by Eva Åkesson: On Time: Measuring a Moment 

 

Ladies and Gentlemen, 

 

A moment – in Swedish, ett ögonblick. The Swedish word comes 

from the Old Swedish öghnablik, which in turn derives from the Low 

German ogenblik, meaning literally ‘a blink of the eye’. 

 

On average, a blink of a human eye takes between 100 and 400 

milliseconds, according to the Harvard Database of Useful Biological 

Numbers. But when we use the expression, it is rarely our intention to 

give an exact indication of time. A moment is a word we use to 

describe a short space of time. We do not demand exact measurability; 

what we want to convey is more a feeling of speed. Today, I am 

handing over to my successor. After nine years. Nine five-hundred-

and-forty-thirds or 1.7 per cent of the history of the University. For 

me, a large collection of memorable moments.  

 

My time as Vice-Chancellor has been both long and short. That’s the 

way it is with time. Though it is exact and measurable, the experience 

of time passing can be more soft around the edges.  

 

In my scientific work, on the other hand, exact time plays a key role.  

 

https://sv.wiktionary.org/w/index.php?title=%C3%B6ghnablik&action=edit&redlink=1
https://sv.wiktionary.org/w/index.php?title=ogenblik&action=edit&redlink=1
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Like all basic research, the possibility of measuring time grew out of 

curiosity and the will to understand. Galileo Galilei used his own 

pulse as a timepiece and claimed to be able to measure time at 

intervals as short as one tenth of a heartbeat. By placing a glowing 

ember on a rotating disc, Johann von Segner demonstrated that the 

human eye could perceive events lasting approximately one tenth of a 

second. When the disc rotated faster, the ember resembled a comet to 

the eye. The photographer Edward Muybridge used twelve cameras to 

show the relation of a galloping horse’s hooves to the ground and he 

has later been called the father of the motion picture because of the 

way he showed the pictures to an audience using a kind of projector. 

 

Techniques have been refined and methods of measurement improved. 

Today we can measure exceedingly short intervals.  

 

In my field – chemistry – the attitude used to be that spaces of time 

shorter than a nanosecond were, after all, uninteresting. A nanosecond 

is approximately as much time as it takes for molecules in solution to 

meet. However, before long this changed. Technical progress paved 

the way for studying transition states, or ‘reaction intermediates’, as 

we call them in chemistry. This made it possible to take the step from 

measuring the average speed of reactions (kinetics) to studying the 

movements of molecules – how they make and break bonds 

(dynamics). This was revolutionary. One of the pioneers, Ahmed H 

Zewail, received the Nobel Prize in Chemistry for his studies in the 
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field that came to be known as femtochemistry – which became my 

field of research.  

 

What was the nature of this revolution? Well, previously we chemists 

knew a lot about the properties of substances. How they react. What 

the products will be when substances combine. But what we could not 

say was what happens to these substances in the course of the 

reaction, which may only take what we casually referred to as a 

moment.  

 

The prominent chemist Sture Forsén at Lund University compared not 

knowing what goes on between the start and the finish with a theatre 

audience who are looking forward to watching Hamlet, but only get to 

see a condensed performance in which everything has been cut except 

for the first and last scene. They have to guess what has happened 

between the opening and the finale. Naturally, the audience feel 

disappointed. 

 

That was the way it used to be in chemistry. Beginning and ending. 

Nothing in between. There have been plenty of guesses, often good 

guesses, but chemists have wanted to know, and therefore wanted to 

find a way to study the reactions at every moment along the way. But 

how? If we return to the world of the camera, we know that in good 

conditions, a normal camera takes about a sixtieth of a second to take 

a picture. If someone is running, you have to shorten that time to 

perhaps a 500th of a second to get a sharp image. A bullet from a rifle 
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can be photographed using a special camera in a millionth of a second, 

if the bullet is moving at a thousand kilometres an hour.  

 

So what shutter speed is needed for images of chemical reactions? 

And what are we to use as a camera? A molecule is approximately one 

nanometre in size. If you take a millimetre and divide it into a million 

parts, that will give you the measurement. To keep up with reactions, 

we need a shutter speed of 100 femtoseconds. That is 10 to the power 

of minus fifteen seconds. This is such a short time that it is really 

beyond comprehension. If we reverse the scale and consider how long 

10 to the power of fifteen seconds is, we arrive at a figure of 32 

million years. Dizzying perspectives.  

 

However, dizziness is not what we are after; what we have to do is 

cope with this situation, and there is a solution, thanks to the laser.  

 

The laser was an innovation that no one really knew what to do with. 

When Theodore Maiman succeeded in creating the first laser in 1960, 

it was a solution in search of a problem. However, just a year later, the 

first laser eye surgery was performed. And the laser found a home in 

chemistry.  

 

The laser enables us to use short pulses of light to start chemical 

reactions and monitor their course. 
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We build systems involving several lasers that emit short high-

intensity pulses. The colour of the light, or its wavelength, is virtually 

constant, approximately 800 nanometres. However, if we think again 

of the theatre that I mentioned, the limitation of only being able to use 

one wavelength is roughly equivalent to only being able to watch the 

play through a small hole in the curtain. But naturally we wanted to 

see more – preferably everything.  

 

To solve the problem, we use non-linear methods such as white light 

generation, frequency doubling and optical parametric amplification. 

Thanks to these techniques, we can create light from the IR and UV 

regions.  

 

The simplest measurement method is called ‘pump–probe’. This 

method resembles the flash photolysis that the scientists Porter and 

Norris used way back at the end of the 1940s. A laser pulse starts the 

reaction (‘pump’), and then a probe pulse (‘probe’) measures how the 

ability of the substance to absorb light has changed. By making the 

probe pulse take a longer path to the sample, the analysis can take 

place just a few femtoseconds after the reaction started. A difference 

of 0.3 micrometres in the path yields a time difference of 

1 femtosecond. 

 

By studying how the analysis spectrum changes, we see old actors 

disappearing and new actors turning up on the stage. The pump–probe 

experiment allows us to see what is happening during the play. 
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One simple reaction is an isomerisation, which is a transformation of a 

molecule set off by exposure to light. It means that part of the 

molecule rotates, resulting in a temporary change in the form of the 

molecule. By using methods with high time resolution, we can 

measure how quickly the rotation occurs and how quickly the 

molecule resumes its original state. 

 

And here we come back to the blink of an eye. Our eyes contain a 

molecule called rhodopsin. This in turn consists of a protein molecule 

and the 11-cis retinal molecule. When light meets the retina, the first 

thing that happens after the absorption of the light is that the retinal 

twists – the molecule isomerises. 

 

Isomerisation releases energy, which after a series of steps becomes 

the electrical signal that is sent to the brain. That is why we can see. 

Studies have shown that isomerisation in rhodopsin occurs in 200 

femtoseconds – so that is a chemical moment, the chemical blink of an 

eye, so to speak. The reason why we are unable to see events that take 

less than a tenth of a second is that the subsequent steps take longer. 

 

Femtochemistry has opened a window through which we can follow 

reactions in progress and learn what affects and governs a reaction. 

 

The use of short laser pulses already has many widely differing areas 

of application. A few examples, in addition to those already 
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mentioned, are cancer diagnostics and treatment, and optical 

mammography. 

 

Femtochemistry also enables us to conclude that at molecular level, 

the quickest way wins. Rapid processes minimise losses in energy 

transfer. This is highly important in solar cell development.  

 

Now, as my time as Vice-Chancellor of Uppsala University draws to a 

conclusion, I can note that my field of research and these few years 

here at Sweden’s oldest university differ in this regard. When you are 

Vice-Chancellor, the quickest way is not always the one to choose. A 

good solution/a good decision does not always follow the law of least 

resistance.  

 

My term in office is about to end. I will look back at my time as Vice-

Chancellor with gratitude. It has been an honour to serve Sweden’s 

first, and forever young, University. I would like to conclude by 

calling on you always to safeguard the University’s core identity. Let 

me borrow a few words from Nobel Laureate Bob Dylan:  

 

“May your hands always be busy, 

May your feet always be swift, 

May you have a strong foundation, 

When the winds of changes shift.” 

 

I will be handing over to a worthy successor and wish him good luck! 


