
T W O  

Diffractio n s :  Differences, 

Conti ngencies, and 

Enta n gleme nts That Matter 

Reflexivity has been recom m ended as a c ritical p ractice, but my sus picion i s  

that reflexivity, l i ke reflectio n ,  o n ly d i sp laces the  same el sewhere, sett ing u p  

worries about copy a nd origi na l  and the search for the authentic and rea l ly 

real .  . . .  What we need is to make a d ifference i n  material-semiotic appara

tuses, to d iffract the rays of tec h n oscience so that we get more pro m i s i n g  

i nterference patterns on t h e  record i ng fi l m s  o f  o u r  l ives and bod ies. Diffrac

tion is an optical metaphor for the effort to make a d ifference in the world . . . .  

Diffraction patte rns record the h istory of i nteractio n ,  i nterference, rei n force

ment, d ifference. Diffraction is about heterogeneous h i story, not about origi

nals. U n l i ke reflections,  d iffractions d o  not d isp lace the same elsewhere, i n  

more or less d istorted fo rm . . . .  Rather, d iffraction can be a meta phor for 

another kind of critical con sci ousness at the end ofthis rather pai nfu l  C h ris

tian m i l l e n n i u m ,  one com m itted to making a d ifference and not to repeat ing 

the  Sacred I m age of Same . . . .  Diffraction is  a na rrative, graphic, psychol ogi

cal ,  s p i rit u a l ,  and pol itical tech nology for making con seq uential  meani ngs. 

- DO N N A H A RAWAY, 
Modest_Witnm@Second_Millenn ium.FemaleMan"'-Meets_OncoMouse™ 

The phenomenon of diffraction is an apt overarching trope for this book. 

Diffraction is a physical phenomenon that lies at the center of some key 

discussions in physics and the philosophy of physics, with profound im

plications for many important issues discussed in this book. Diffraction is 

also an apt metaphor for describing the methodological approach that I use 

of reading insights through one another in attending to and responding to 

the details and specificities of relations of difference and how they matter. 

As Donna Haraway suggests, diffraction can serve as a useful  counter

point to reflection: both are optical phenomena, but whereas the metaphor 

of reflection reflects the themes of mirroring and sameness, diffraction is 

marked by patterns of difference. Haraway focuses our attention on this 

figurative distinction to highlight important difficulties with the notion of 



72 E N TA N G L E D  B E G I N N I N G S  

reflection as a pervasive trope for knowing, as well as related difficulties with 

the parallel notion of reflexivity as a method or theory (in the social sciences) 

of self-accounting, of taking account of the effect of the theory or the re

searcher on the investigation . 1  Haraway's point is  that the methodology of 

reflexivity mirrors the geometrical optics of reflecti on, and that for all of the 

recent emphasis on reflexivity as a critical method of self-positioning it 

remains caught up in geometries of sameness; by contrast, diffractions are 

attuned to differences-differences that our knowledge-making practices 

make and the effects they have on the world. Like the feminis t theorist Trinh 

Minh-ha, Haraway is interested in  finding "a way to figure 'difference' as a 

'critical difference within, '  and not as special taxonomic marks grounding 

difference as apartheid" ( Haraway, 1992 ,  299) .  Crucially, diffraction attends 

to the relational nature of difference; it does not figure difference as either a 

matter of essence or as inconsequential: "a diffraction pattern does not map 

where differences appear, but rather maps where the ctfects of differences 

appear" (ibid, 300).  Inspired by her suggestion for usefully deploying this 

rich and fascinating physical phenomenon to think about differences that 

matter, I elaborate on the notion of diffraction as a tool of analysis for 

attending to and responding to the effects of difference. '  

Of course, diffractio n  i s  also m ore than a metaphor. A s  a physicist, I a m  

taken i n  b y  the beauty and depth o f  this physical phenomenon that I can 't  

help but see nearly everywhere I look in the world. In fact, I will argue that 

there is a deep sense in which we can understand diffraction patterns-as 

patterns of difference that make a difference-to be the fundamental constit

uents that make up the world. But the reader shouldn' t  expect this ontologi

cal point to be evident until the final chapter of the book; there are many 

lines of argumentation and insights to develop before we can get there, and 

there is much to Jearn about the nature of diffraction. I will introduce the 

notion of diffraction in this chapter but first I want to say something about 

the different levels on which diffraction operates in the book. 

If diffraction is to be a usefu l  tool of analysis it is important to have a 

thorough unders tanding of its nature and how it works. It turns out that 

diffraction is not only an interesting phenomenon in class ical physics, a way 

of making evident some rather remarkable features about the nature of light, 

including how the effects of differences matter, but diffraction plays an even 

more fundamental role in q uantum physics where it can help us to sort out 

some crucial epistemological and ontological issues. As I will explain, dif

fraction is a quantum phenomenon that makes the downfall of classical 

metaphysics explicit. Diffraction experiments are at the heart of the "wave 
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versus particle "  debates about the nature of light and matter. Indeed, the so

called two-slit experiment (which uses a diffraction grating with only two 

slits) has become emblematic of the mysteries of quantum physics. The 

./'.Jobel laureate physicist Richard Feynman once said of the two-slit experi

ment that it is "a phenomenon which is impossible, absolutely impossible, 

to explain in any classical way, and which has in it  the heart of quantum 

mechanics. In reality, it contains the only mystery. " Indeed, recent studies of 

diffraction (interference) phenomena have provided insights about the na

ture of the entanglement of quantum states, and have enabled physicists to 

test metaphysical ideas in the lab. So while it is true that diffraction appara

tuses measure the effects of difference, even more profoundly they high

light, exhibit, and make evident the entangled structure of the changing and 

contingent ontology of the world, including the ontology of knowing. In 

fact, diffraction not only brings the reality of entanglements to light, it is 

itself an entangled phenomenon. 

It is impossible to grasp these points and their importance without an in

depth investigation of the physics of diffraction. But getting at the deep 

meaning of entanglements and the nature of diffraction will require a mode 

of philosophical inquiry that attends to the details of the physics while also 

taking seriously insights from philosophy and other fields of study. I will 

argue that a diffractive mode of analysis can be helpful in this regard if  we 

learn to tune our analytical instruments (that is our diffraction apparatuses) 

in a way that is sufficiently attentive to the details of the phenomenon we 

want to understand. So at times diffraction phenomena will be an object of 

investigation and at other times it will serve as an apparatus ofinvestigation ; 

it cannot serve both purposes simultaneously since they are mutually exclu-

. sive; nonetheless, as our understanding of the phenomenon is refined we 

can enfold these insights into further refinements and runings of our instru

ments to sharpen our investigations and so on. But as will perhaps be clear 

by the end of this chapter, this is precisely an operation of a diffractive 

methodology on the next level up as it were. The analysis at hand then will 

require thinking through the details of diffraction as a physical phenome

non, including quantum understandings of diffraction and the important 

differences they make, in order to tune the diffraction apparatus, in order to 

explore the phenomenon at hand, which in this case is diffraction, in order 

to produce a new way of thinking about the nature of difference, and of 

space, time, matter, causality, and agency, among other important variables. 

To summarize, what I am interested in doing is building diffraction 

apparatuses in order to study the entangled effects differences make. One of 
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the main purposes will be to explore the nature of entanglements and also 

the nature of this task of exploration. What is entailed in the investigation of 

entanglements? How can one study them? Is there any way to study them 

without getting caught up in them? What can one say about them? Are there 

any limits to what can be said? My purpose is not to make general statements 

as if there were something universal to be said about all entanglements, nor 

to encourage analogical extrapolation from my examples to others, nor to 

reassert the authority of physics. On the contrary, I hope my exploration will 

make clear that entanglements are highly specific configurations and it is 

very hard work building apparatuses to srudy them, in part because they 

change with each intra-action. In fact it is not so much that they change 

from one moment to the next or from one place to another, but that space, 

time, and matter do not exist prior to the intra-actions that reconstitute 

entanglements. Hence, it is possible for entangled rclationalities to make 

connections between entities that do not appear to be proximate in space 

and time. (More on this in chapter 7 . )  The point is that the specificity of 

entanglements is everything. The apparatuses must be tuned to the par

ticularities of the entanglements at hand . The key question in each case is 

this: how to responsibly explore entanglements and the differences they 

make. My hope is that this exploration will provide some insights that will be 

helpful in the study of other entanglements. 

I should perhaps caution the reader as I begin to introduce the notion o f  

diffraction that the full texture, complexity, and richness of this phenome

non will not shine through fully until the entire book has been read-until its 

diffractive articulation works its way through the grating of the full set of 

chapters. 

Let's begin with an overview of the classical understanding of diffraction. 

Simply stated, diffraction has to do with the way waves combine when they 

overlap and the apparent bending and spreading of waves that occurs when 

waves encounter an obstruction. Diffraction can occur with any kind of 

wave: for example, water waves, sound waves, and light waves all exhibit 

diffraction under the right conditions. 

Consider a situation in which ocean waves impinge on a breakvvater or 

some very large barrier with a sizable hole or gap in it. As the waves push 

through the gap, the waveforms bend and spread out. In particular, the 

approaching parallel plane waves emerge from the gap in the shape of 

concentric half circles. The ocean waves are thus diffracted as they pass 

through the barrier; the barrier serves as a diffraction apparatus for ocean 

waves (see figure r) . 
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1 These two photos show the d iffraction of ocean waves as they pass through an opening 

in  a barrier. Photo_graphs b� Paul Doherty. Repri"ted with owni1sioo. 

Similarly, if a person speaks into one end of a cardboard tube, the sound 

waves spread out in all directions as they emerge from the other end. This is 

evidenced by the fact that it is possible to hear the sound that emerges 

without needing to place one's ear directly in line with the cardboard tube, 

which would be the case if the pressure disturbances in the air emerged from 

the tube in a narrow stream. 

Likewise, light appears to bend when it passes by an edge or through a 

slit. Under the right conditions, a diffraction pattern-a pattern of alternat

ing light and dark l ines-can be observed . Figure 2 shows a diffraction 

pattern created around the edges of a razor blade.3 The image you are look

ing at is the shadow cast by the razor b lade when it is illuminated by a 

monochromatic (single wavelength) point light source.4 (Diffraction pat

terns of this kind are ubiquitous but less evident in most everyday encoun

ters because a diffuse light source or one that emits a spectrum of wave

lengths, like a light bulb, creates many different overlapping diffraction 

patterns that disguise one another.) If you look at the image carefully, you' l l  

see that the shadow cast by the razor blade is  not the sharply delineated 

geometrical image one might expect. In particular, there is not a single solid 

dark area in the shape of the blade surrounded on all sides by a uniformly 

bright background. Rather, a careful examination reveals an indeterminate 

outline around each of the edges: along both the inside and outside edges 

there are alternating l ines of dark and l ight that make the determination of a 

"real" boundary quite tricky. Perhaps even more surprisingly there are lines 

of alternating dark and light even into the very center that corresponds to the 

notched-out part of the blade. Shouldn't that entire area be light? How can 

there be dark lines in the center at all? How can we understand this pattern 

that is produced? 
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2 Photograph of the actual shadow of a 

razor blade i l l u m i nated by a monochro

matic l ight source. Notice the diffraction 

fringes-the existence of dark l ines in 

l ight regions and l ight l ines in dark re

gio ns  created by the d i ffraction of waves 

aro u n d  the i nside and outside edges of 

the blade. From Francis W. Sears. Mari< W. Zeman· 
sky, and Hug" D. Young, Un iversity Physics, 6!" ed. 

© 1982 b� Addison-WI'!iley Publishing Company, Inc 
'l.eprinted with permission ofPearsor. Educatior, Inc 

It is important to keep in mind that waves are very different kin< 

phenomena from particles. Classically speaking, particles are materi� 

tities, and each particle occupies a point in space at a given moment of 

Waves, on the other hand, are not things per se; rather, they are disturb< 

(which cannot be localized to a point) that propagate in a medium (like w 

or as oscillating fields (like electromagnetic waves, the most familiar exa 

being light) .  Unlike particles , waves can overlap at the same point in SJ 
When this happens, their amplitudes combine to form a composite v 

form. For example, when two water waves overlap, the resultant wave c< 

larger or smaller than either component wave. For example, when the en 

one wave overlaps with the crest of another, the resultant waveform is I< 

than the individual component waves. On the other hand, if the crest ol 

wave overlaps with the trough of another, the disturbances partly or in s 

cases completely cancel one another out, resulting in an area of relative c 

Hence the resultant wave is a sum of the effects o f  each individual compo 

wave; that is, it  is a combination of the disturbances created by each , 

individually. This way of combining effects is called superposition. The nc 

of superposition is central to understanding what a wave is. 5 

Consider a familiar example. Iftvvo stones are dropped into a calm I 

simultaneously, the disturbances in the water caused by each stone pr 

gate outward and overlap with each other, producing a pattern that re: 
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3 Two i mages o f  diffraction o r  i n terference pat

terns produced bywaterwaves. The top i m age 

(a) shows the pattern made by several overlap

ping d isturbances in a pond. The bottom im

age (b)  shows a pattern created i n  a ri pple 

tank made by repeated periodic d i sturbances 

at two points. Ripple tanks are a favorite de

vice fo r demonstrating wave phenomena. Th is  

image clearly s hows distinct regions of en

hancement (constructive i n terference) and di

m i n ishment (destructive interference) cau sed 

by the overlapping waves. (The cone shapes 

that seem to rad iate outward are places where 

the component waves cancel one another 

out.) Photograph 3a by Karen Barad. Photograph 3b 

from Berenice Abbott, "The Science Pic�u res: Wa!er Pattern," 

reprinted with permis5ion of Mount Hol!ioke College Art 

Museum, South Hadle�. M assach usetts. 

from the relative differences (in amplitude and phase) between the overlap

ping wave components (see figure 3) .6  The waves are said to in terfere with 

each other, and the pattern created is called an interference or diffraction 

pattern. 7 

A similar pattern can be observed when there are two holes in a break

water (see figure 4) . The circular waveforms that emerge from each of the 

holes in the barrier combine to form an interference or diffraction pattern. 

(The resulting pattern looks just like one half of the interference pattern 

produced by the two stones falling into the pond.) 

Walking along the dock, you would feel the boards o f  the dock moving up 

and down with the incoming waves . The amount that each board moves up or 

down depends on the amplitude of the overall wave at each particular point 

along the dock. If you walked up and down the dock, you would experience 

the alternating pattern of areas of increasing and decreasing intensities (i .e . ,  

height or amplitude) o f  the overall wave. At  point A (the point on the dock 

directly opposite the midpoint of the breaks in the wall), for example, the 

intensity of the overall waveform is large, and if you stood on the boards 

there, you'd feel the large oscillations. If you moved to either side of point A ,  

you would experience a decrease in the amplitude o r  intensity of the over-
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4 A b i rd's-eye d rawi ng of a breakwater 

with two s i m i lar-sized holes acting as 

a d iffraction grating for i ncoming wa

ter waves. The parallel l i nes approach

i ng the breakwater and the concentric 

c ircles emerging from the breakwater 

i n d i cate the wave fronts or crests ofthe 

waves. A dock positioned to the right 

measures the am plitude of the i n com

ing waves: as the waves come i n  toward 

the dock, they move the i n d ividual 

boards up and down; the amount that 

each board moves up or down depends 

on the ampl itude of the overa l l  wave at 

each point  along the dock. i l lustrotion by 
�icoi'e RGger Fuller for the autl:or. 

sea 

' }  - · .. ·. 

all waveform. At points such as B, and B,, where the crests of the waves 

spreading out from one of the breaks in the wall are meeting the troughs from 

the other, there would be relative calm, and you wouldn't feel the boards move 

much at alL But farther down the dock at poi nts such as C, and C2 where the 

crests of the waves spreading out from the t\Vo breaks in the wall meet up with 

one another, and similarly for the troughs, the overall wave amplitude picks 

up again, and the boards at those locations would oscillate up and down a fair 

amount (though not as much as at point A) . This alternating pattern of wave 

intensity is characteristic of interference or diffraction patterns." 

Figure 5 shows the analogous situation for light waves. Two slits are cut 

into a screen or some other barrier that blocks light. A target screen is placed 

behind and parallel to the barrier screen that has the slits in it. When the slits 

are illuminated by a ligh t  source, a diffraction or interference pattern ap

pears on the target screen. That is, there is a pattern marked by alternating 

bands of bright and dark areas : bright spots appear in places where the 

waves enhance one another-that is, where there is "constructive interfer

ence"-and dark spots appear where the waves cancel one another-that is,  

where there is "destructive interference." 

Now we are in a position to understand the diffraction pattern created by 

a razor blade as in figure 2. Physicists understand diffraction as the result of 



1 d rawing of a side view of a two-slit experi ment using a coherent monochromatic l i ght 

.ource. The screen exh i bits a characteristic d iffraction or i n terference pattern with alter

lating ba nds of bright ( i .e . ,  places where the l ight waves are in phase and constructively 

nterfere with one another) and dark ( i .e . ,  places where the l ight waves are out of phase 

Lnd destructively i nterfere with one another) areas. The graph to the right shows how the 

ntens ity of the l i ght varies with the d istance along the screen .  l l lu.1tratior. by Nicolle Roger Fuller 
or the author. 

the superposition or interference of waves.g In the case of the razor blade, 

then, the diffraction pattern can be understood to result from the combining 

(i.e., superposition) of individual wave components as they emerge past the 

various edges of the razor. For example, consider the bright spot that ap

pears at the place on the screen that corresponds to the very center of the 

circular part of the gap in the blade (the middle of the picture). How can we 

understand the existence of this bright spot, or even more surprisingly the 

existence of dark lines in the gap? Where does the alternation of light and 

dark lines come from? The diffraction pattern in the gap is created by the 

superposition oflight waves coming from the edges of the razor. Where they 

meet in phase, a bright spot appears. The dark spots are places where the 

waves are out of phase wi th one another, that is ,  where they cancel one 

another out. The pattern that appears has to do with the precise geometry of 

the razor blade, in particular, in this case, its symmetries. 10 

It may be a bit challenging to think through the rather complex geometry 

of a razor blade; thinking about a simpler case may be helpful .  Consider 

what happens when a light source illuminates a small opaque object like a 

B B  (a small sphere made of lead). One might expect a round shadow to be 
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cast on the wall behind the B B .  But on cl oser examination, it becomes 

evident that there is a bright spot at the center of the shadow." How is this 

possible? The answer is it's part of the diffraction pattern that results from 

the superposition of component waves as they emerge on the other side of 

the BB.  Just  as  in figure 4, where the waves combine to form a wave with a 

large amplitude at point A (opposite the center point between the gaps in the 

breakwater) as a result of the waves arriving in phase, the waves that pass by 

the edges of the BB meet in phase with one another at the center of the 

shadow. Surfers know this phenomenon well, since they are sometimes able 

to catch really nice waves on the other side of a large boulder sitting off

shore. That is,  they can take advantage of the diffraction patterns created by 

rocks or pieces of land that stick out near the shore. These surfers are 

literally riding the diffraction pattern. 

There are many other opportunities in daily life to observe diffraction or 

interference phenomena. For example, the rainbow effect commonly ob

served on the surface of a compact disc is a diffraction phenomenon. The 

concentric rings of grooves that contain the digital information act as a 

diffraction grating spreading the white light (sunlight) into a spectrum of 

colors.12 The swirl of colors on a soap bubble or a thin film of oil on a puddle 

is also an example of a diffraction or interference phenomenon.13 The irides

cence of peacock feathers, or the wings of certain dragonflies, moths, and 

butterflies-the way the hue of these colors changes with the changing 

viewing position of the observer-is also a diffraction effect. From the per

spective of classical physics, diffraction patterns are simply the result of 

differences in (the relative phase and amplitudes of) overlapping waves. 

Some physicists insist on maintaining the historical distinction between 

interference and diffraction phenomena: they reserve the term "diffraction" 

for the apparent bending or spreading of waves upon encountering an ob

stacle and use "interference" to refer to what happens when waves overlap. 

However, the physics behind diffraction and interference phenomena is the 

same: both resultftom the superposition of waves. As the physicist Richard Feyn

man points out in his famous lecture notes (1964), the distinction between 

interference and diffraction is purely a historical artifact with no physical 

significance. And as the authors of a popular physics text point out: "Diffrac

tion is sometimes described as ' the bending oflight around an obstacle.' But 

the process that causes diffraction is present in the propagation of ever11 

wave. When part of the wave is cut off by some obstacle, we observe diffrac

tion effects that result from interference of the remaining parts of the wave 

fronts . . . .  Thus diffraction plays a role in nearly all optical phenomena" 
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(Young and Freedman 2004, r3 6g). I u s e  the terms "diffraction" and "inter

ference" interchangeably without granting significance to the historical con

tingencies by which they have been assigned different names. 

In summary, diffraction patterns are a characteristic behavior exhibited by 

waves under the right conditions. Crucially, diffraction patterns mark an 

important difference between waves and particles: according to classical 

physics, onl!j waves produce d@action patterns; particles do not (since they cannot 

occupy the same place at the same time) . Indeed, a diffraction grating is 

simply an apparatus or material configuration that gives rises to a superposi

tion of waves. In contrast to reflecting apparatuses, like mirrors, which 

produce images-more or less faithful-of objects placed a distance from 

the mirror, diffraction gratings arc instruments that produce patterns that 

mark differences in the relative characters ( i .e . ,  amplitude and phase) of 

individual waves as they combine. 

So unlike the phenomenon of reflection, which can be explained without 

taking account of the wavelike behavior of l ight ( i .e . ,  it can be explained 

using an approximation scheme called "geometrical optics" whereby light 

might well be a particle that bounces off surfaces) ,  diffraction makes light's 

wavelike behavior explicit ( i .e . ,  it can only be accounted for by using the full  

theory of "physical optics") . 

Following this overview of a classical understanding of diffraction phe

nomena, it would seem an apt moment to proceed with a discussion of a 

quantum understanding of diffraction. In a sense, it takes the remainder of 

this book to do this. It is important to go slowly and carefully. At this 

juncture, we must be content with some hints of what is to come. 

It is perhaps not too soon to introduce the diagram of an experiment that 

will take on a great deal of significance throughout this book (see figure 6 ) .  

This diagram, based on drawings by the physicist Niels Bohr, i s  emblematic 

ofthe kinds of experiments that proved to be of profound historical signifi

cance in the development of quantum theory and, even more crucially, have 

been and continue to be foundational to understanding the deep and far

reaching insights of this highly counterintuitive theory. 

Figure 6 shows a modified two-slit diffraction or interference experiment. 

The middle partition with the two slits serves as the two-slit diffraction 

grating, while the screen on the right displays the diffraction pattern (alter

nating bands of intensity). (The first partition with a s ingle slit is there for 

technical reasons.)'4 The significance of the modification-the fact that the 

top slit is attached to the support by two springs-will be explained later. 

Now, one of the most remarkable empirical findings, which in fact con-
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6 I l l ustration of the famous two-s l i t  d i ffraction or i nterference experiment,  based on origi

nal d iagrams sketched by Niels Bohr. In this modified two-slit experiment, the top slit i s  

attached by springs t o  t h e  support. T h e  bottom s l it i s  attached t o  t h e  frame. The signifi

cance of this modification wil l  be explained later. (The existence of the first barrier with a 

s i n gle s l it s i mply indicates that a coherent l i ght source is being u sed.)  From P. Bertet et a/, "A 
Complementarity Experiment w1th an I nterferometer at the Quantum-Ciassital Boundary," Nature 411 (2001 ): 1 67, 

fgure 1 .  Reprirted UJith perm ission of Macmil:an Publishers Ltd. 

stituted a key piece of evidence leading to the development of quantum 

physics, is tha t  under certain circumstances matter (generally thought of as 

being made of particles) is found to produce a diffraction pattern! That is , we 

find bands or areas where significant num bers of particles hit the screen 

alternating with areas where hardly any particles hit  the screen. But this is 

not at all how we would expect particles to behave: we would expect the bulk 

of the particles to wind u p  opposite one slit or the other (i.e. , no al ternating 

band pattern).  And yet diffraction effects have been observed for electrons, 

neutrons, atoms, and other forms of matter. And even more astonishing, 

this d iffraction pattern is produced even if the particles go through the 

diffraction grating one at a time (that is,  even if there is,  if you will, nothing 

else around for each particle to interfere with, whatever that might mean). 

Much to their surprise, Clinton Davisson and Lester Germer serendipi

tously confirmed this result for electrons in 1927. They were firing slow

moving electrons at a crystalline nickel target when they had an accidental 

break in the vacuum. After fixing the vacuum, they reheated the nickel sam

ple to repair damage to the target and began their experiment once again. 

This time, they saw a remarkable pattern in their results: the electrons that 

were collected formed a diffraction pattern . They had accidentally discov

ered direct evidence for the wave behavior of matter. What had happened 
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was that when they reheated the crystal target, the nickel fused into larger 

crystal, forming a perfect diffraction grating for the electrons.'; 

The Davisson-Germer experiment showed that under some circum

stances , matter (in this case electrons) exhibits wavelike behavior. S ince the 

Davisson and Germer experiment, many other experiments have confi rmed 

this result for other kinds of matter as well. That is , there is direct empirical 

evidence that matter-not j ust light-manifests wave behavior under the right 

experimental circumstances. But this seems to fly in the face of other equally 

convi ncing evidence that electrons sometimes behave like particles. Signifi

cantly, the converse is true as wel l :  separate experiments have confirmed the 

equally counterintuitive result that li.ght manifests particle behavior under 

certain circumstances (and wave behavior under other circumstances). 

As we have seen, d\ffraction patterns are evidence of superpositions. But how can 

we understand this result, then? It makes sense to talk about the superposi

tion of waves, but not particles. This result is paradoxical. Physicists call it 

the "wave-particle duality paradox" of quantum theory, and the modified 

two-slit experiment plays a key role in sorting out the epistemological and 

ontological issues involved.15 Indeed, as I will discuss in detail, understand

ing the counterintuitive results of experiments such as the one sketched in 

figure 6 involves a crucial rethinking of much ofWestern epistemology and ontology .  

Significantly, these experiments illuminate the very nature of superpositions 

and their relationship to the so-called entanglement of states, which physi

cists now believe lies at the heart of all quantum phenomena and a great deal 

of "quantum weirdness. " There is much to say about these issues. I have 

detailed discussions of them in later chapters. For now, I would like the 

reader to merely hold on to the suggestion of the complexity and profundity 

of diffraction phenomena and to keep this in mind whenever this notion is 

invoked, either figuratively, methodologically, or in reference to a physical 

phenomenon. 

It has now become routine to use diffraction experiments to determine 

different features of matter. Generally this works in one of two complemen

tary ways: sometimes the goal of a diffraction experiment is to leatn about 

the nature of the substance that is being passed through a diffraction grat

ing, and sometimes it's to learn about the diffraction grating itself. Let's 

consider one example of each situation. The Davisson-Germer experiment is 

an example of the first technique: a crystal is used as a diffraction grating, 

and a beam of electrons is passed through the crystal grating. This experi

ment tells us something important about the nature of electrons: namely, 

that under certain circumstances they exhibit wave behavior. The second 
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situation applies when a scientist uses x-ray diffraction techniques to discern 

the structure ofa substance: in this case, the substance being investigated is 

the diffraction grating itself . .  For example, the way x-ray diffraction generally 

works is that x-rays (of a known wavelength) are fired at the sample (i.e., the 

crystal or other substance that serves as the diffraction grating). Since the 

wavelength of the x-rays is known in advance. it is possible to "work back

ward" from the diffraction pattern to deduce features of the diffraction 

grating (such as the distance bet\veen "slits," in this case the molecules or 

atoms) and in this way determine the structure of the substance in question . 

This technique was used by Rosalind Franklin to determine the structure of 

D N A. Hence we can use diffraction experiments to learn either a bout the 

object being passed through the diffraction grati ng or about the grating 

itself.17 

Physicists have noted an interesting analogy beween the fields of me

chanics and optics. This analogy entails a mathematical correspondence 

beween optical and mechanical variables. Physicists have invoked this anal

ogy to help them gain insights about both mechanics and optics. I want to 

point out the nature of the parallel and use this opportunity both to explain a 

few important points about optics and also to say something about the 

important question of the relationship beween classical or Newtonian 

physics and quantum physics. 12 

Some preliminary background in optics may be helpful. There is an im

portant general point to be made about the ways in which physicists study 

optics. First of all, the study of optics is divided into t\Vo categories: classical 

optics (optics studied from the point of view of classical physics) ,  on the one 

hand, and quantum optics (where quantum mechanics is used to under

stand phenomena involving light and its interactions with matter), on the 

other. There are also t\Vo primary modes of the investigation of classical 

optics: geometrical optics and physical optics. Whereas reflection can be ex

plained using geometrical optics, diffraction cannot be understood using 

this technique. To understand diffraction, physicists use physical optics. 

Geometrical optics is essentially an approximation tool for studying dif

ferent optical instruments ( e.g., different configurations of lenses, mirrors, 

prisms, optical fibers, etc.) . Geometrical optics is focused primarily on 

where light goes or what it can be made to do when it impinges on or passes 

into or through any number of different optical instruments. The approx

imation that is used is to simply treat light as a "ray" (which is simply an 

indicator of the direction of propagation of the light, devoid of any ontologi

cal commitment about the nature of light) . That is, in the study of geometri-
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cal optics, the nature of light is considered to be of no consequence. In 

particular, geometrical optics does not provide any method for distinguish

ing between wave and particle behaviors; the whole question of the nature of 

light is bracketed. 19 By contrast, the field of physical optics is interested in, 

and has at its disposal, techniques for investigating the nature oflight itself. 

That is, light is not merely a tool but an object of inquiry as well. The two-slit 

diffraction or interference experiment has been indispensable in efforts to 

discern the nature of light (and of nature) . 

The ray approximation of geometrical optics works well when the wave

length oflight is small compared with the physical dimensions of the objects 

it is interacting with, such as the size of a slit that the light passes through. If 

the wavelength is small compared with the slit size, then diffraction effects 

such as the bending of light will be too small to be noticeable. However, 

when the wavelength is approximately the same size as the slit or larger, then 

diffraction effects (i.e., the wave nature of l ight) cannot be ignored. Hence 

when the wavelength of light is approximately the same size as, or larger 

than, the o bject it encounters (e.g., sizable in comparison to the width of the 

slits) ,  the techniques of physical optics-the full mathematical machinery 

that is attentive to the wave nature of light-must be used to correctly ac

count for the phenomenon. In effect, then, geometrical optics is merely a 

shortcut way of deriving the correct results when the wavelength happens to 

be small enough compared to other relevant dimensions in the experiment. 

Let's return to the analogy between optics and mechanics. Th e analogy is 

betvveen geometrical optics and classical Newtonian mechanics, on the one 

hand, and physical optics and quantum mechanics on the other. The crux of 

the analogy is this : when in the case of a particular experiment the wave 

nature oflight or matter is not significant (i.e. , when the wavelength is small 

relative to other important dimensions) , it may be possible to use classical 

mechanics (geometrical optics) as a shortcut to the more rigorous analysis 

that quantum mechanics (physical optics) provides.10 So whereas classical 

mechanics and geometrical optics are ( nowadays understood to be) approx

imation schemes that are useful under some circumstances, quantum me

chanics and physical optics are understood to be formalisms that represent 

the ful l  theory and can account for phenomena at all length scales. Signifi

cantly, quantum mechanics is not a theory that applies only to small objects; 

rather, quantum mechanics is thought to be the correct theory of nature that 

applies at all scales. As far as we know, the universe is not broken up into 

two separate domains (i .e. ,  the microscopic and the macroscopic) identified 

with different length scales with different sets of physical laws for each. 
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I now turn my attention to questions of methodology. The use of optical 

metaphors in discussing matters of epistemology and methodology is pro

digious. Keller and Grontkowski (1983) trace the intertwining of vision and 

knowledge in Western thought and argue that " the tradition of grounding 

our epistemological premises in visual analogies dates back to the Greeks" 

(208). It is hardly surprising, then, that discussions of method ology would 

reflect this practice. Indeed, representationalism-the belief that words, 

concepts, ideas, and the like accurately reflect or mirror the things to which 

they refer-makes a finely polished surface of this whole affair. And it has 

encouraged the belief that it is possible to turn the mirror back on oneself, as 

it were, thus spawning various candidates for "reflexive" methodologies. 21 

Mirrors reflect. To mirror s omething is to provide an accurate image or 

representation that faithfully copies that which is being mirrored. Hence 

mirrors are an often-used metaphor for representationalism and related 

questions of reflexivity. For example, a scientific realist believes that scien

tific knowledge accurately reflects physical reality, whereas a strong social 

constructivist would argue that knowledge is more accurately understood as 

a reflection of culture, rather than nature. 

Reflexivity is a proposed critical scholarly practice that aims to reflect on, 

and systematically take account of, the investigator's role as an instrument 

in the constitution of evidence. Reflexivity aims to acknowledge the tripartite 

arrangement between objects, representations, and knowers that produces 

knowledge, as opposed to less-reflexive modes of investigation that leave the 

knower out of the equation, focusing attention narrowly on the relationship 

between objects and their representations. Various empirical fields of study 

have given considerable attention to reflexive methodologies. In science 

studies, for example, there has been significant discussion about reflexivity. 

Some scholars paid it homage, some adopted it as a basic tenet but failed to 

enact their stated commitments, others argued vigorously against irs alleged 

virtues, and other groups claimed to have moved beyond the terms of the 

debate altogether. 22 For example, some science studies scholars used the 

methods of reflexivity to critique the social realism of some of the field's own 

practitioners. In particular, reflexive criticism brought with it an acknowl

edgment that some of the same social scientists who were being vigilant in 

questioning the avowed scientific realism of their objects of study-namely, 

laboratory scientists-unreflectively engaged in  socia l realism, namely, in the 

reification of important categories of the " social" and the privileging of 

them as explanatory factors over the "natural. "  While acknowledging this 

important critiq ue of S S K  ( sociology of scientific knowledge) approaches 

(especially the "strong programme" in the sociology of scientific know!-



edge) ,  other science studies scholars were less interested in the debates 

about reflexivity because they had already developed and adopted other ap

proaches (e.g., actor-network theory, feminist science studies approaches) 

that seck to take account of the role of natural as well as social factors in 

scientific practices. 

Notably, feminist science studies scholars have offered poignant critiques 

of relativism and reflexivity from early on. (Undoubtedly, the fact that many 

feminist science studies scholars are scientists has played a significant role 

in its sustained and unflinching commitment to take nature, objectivity, and 

the efficacy of science seriously. There is also an important sense in which 

these commitments are clearly feminist.) In particular, feminist science 

studies scholars have argued that reflexivity has proved insufficient on at 

least two important grounds.23 First of all, for the most part, mainstream 

science studies (in all its various incarnations) has ignored crucial social 

factors such as gender, race, class, sexuality, ethnicity, religion, and na

tionality. The irony is that while these scholars insist on the importance of 

tracking "science-in-the-making" by attending to specific laboratory prac

tices, for the most part they continue to treat social variables such as gender 

as preformed categories of the social. That is, they fail to attend to "gender

in-the-making"-the production of gender and other social variables as con

stituted through technoscientific practices. 24 Thus, despite the fact that fem

inist science studies scholars have been arguing from the beginning for an 

understanding of gender-and-science-in-the-making, mainstream science 

studies accounts have neglected this crucial point. Significantly, to the de

gree that they fail  to appreciate this fact, they underestimate the mutual 

constitution of the "social" and the "scientific," thus undermining their 

own project. Relatedly, mainstream science studies scholars seem to be 

unaware of the fact that the nature-culture dichotomy has been challenged 

vigorously on multiple grounds by feminist, poststructuralist, postcolonial

ist, queer, and other critical social theorists, and that attending to the issues 

they raise is an integral part of questioning the co nstitution of the nature

culture dichotomy and the work it does: not only that it matters, but how it 

matters and for whom. 
A second significant difficulty is the fact that reflexivity is founded on 

representationalism. Reflexivity takes for granted the idea that representa

tions reflect (social or natural) reality. That is, reflexivity is based on the 

belief that practices of representing have no effect on the objects of inves

tigation and that we have a kind of access to representations that we don't 

have to the objects themselves. Reflexivity, like reflection, still holds the 

world at a distance. It cannot provide a way across the social constructivist's 
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allegedly unbridgeable epistemological gap between knower and known, for 

reflexivity is nothing more than iterative mimesis: even in its attempts to put 

the investigative subject back into the picture, reflexivity does nothing more 

than mirror mirroring. Representation raised to the nth power does not 

disrupt the geometry that holds object and subject at a distance as the very 

condition for knowledge's possibility. Mirrors upon mirrors, reflexivity en

tails the same o ld geometrical optics of reflections. 

By contrast, diffraction is not reflection raised to some higher power. 25 It 

is not a self-referential glance back at oneself. While reflection has been used 

as a methodological tool by scholars relying on representationalism, there 

are good reasons to think that diffraction may serve as a productive model 

for thinking about nonrepresentationalist methodological approaches. 

I turn my attention next to exploring some important aspects of diffrac

tion that make it a particularly effective tool for thinking about social natural 

practices in a peformative rather than representationalist mode. But first I 

want to raise an important cautionary point. In the introduction, I empha

sized that my method will not entail analogical argumentation. I have every 

i ntention o f following through on this promise. In this regard, it is impor

tant not to confuse the fact that I am drawing on an optical phenomenon for 

my inspiration in developing certain aspects of my methodological approach 

(which, as I pointed out earlier, has its place in a long and honored tradition 

of using visual metaphors as a thinking tool) with the nature of the method 

itself. In particular, calling a method "diffractive" in analogy with the physi

cal phenomenon of diffraction does not imply that the method itself is ana

logical.26 On the contrary, my aim is to disrupt the widespread reliance on an 

existing optical metaphor-namely, reflection-that is set u p  to look for 

homologies and analogies berween separate entities. By contrast, diffrac

tion, as I argue, does not concern homologies but attends to specific mate

rial entanglements. 

The table summarizes some of the main differences entailed in shifting 

our thinking from questions of reflection to those of diffraction. At this j unc

ture, some of the items in the table may not be clear and will not be clarified 

until much more is explained about diffraction as a physical phenomenon 

(indeed, until it is understood as a material-discursive phenomenon that 

makes the effects of different differences evident) . But hopefully even at this 

point it will serve as a useful heuristic to mark the kinds of shifts that are at 

issue in moving away from the familiar habits and seductions of representa

tionalism (reflecting on the world from outside) to a way of understanding 

the world from within and as part of it, as a diffractive methodology requires. 



Diffraction 
diffraction pattern 

marki ng diffe re n ces from within 

and as part of an entangled state 

d ifferences, re lational ities 

o bjectivity is  about 

taking acco u nt of marks 

on bodies, that is ,  the 

differences material ized , 

the d ifferences that m atter 

diffractive methodology 

perform ativity 

s u bject and object do not 

preexist as such,  but emerge 

through intra-actions 

entangled ontology 

material-d iscu rsive phenomena 

onto-epistem-ology 

knowing is a material practice 

of engagement as part of the world 

in its d i fferential becom i ng 

intra-acting wit h i n  and as part of 

differences emerge within phenomena 

agential separabil ity 

real material d i fferences 

but without absol ute separation 

d iffraction/d ifference pattern 

intra-acting e ntangled 

states of nature cultures 

about making a d ifference in the world 

about taking respo nsibi l ity for 

the fact that our  practices matter; 

the world is materialized 

d ifferently th rough d ifferent 

practices (contingent ontology) 

Reflection 
m i rror image 

reflection of o bjects held at 

a d istance 

sameness, mimesis 

o bjectivity is about reflections, 

copies that are homologous to 

origin als, authentic, 

free of distortion 

reflexivity 

representationalism 

preexisting determ i n ate 

boundary between s u bject 

and object 

separate entities 

words and things 

ontology I epistemology binary 

knowledge is true beliefs 

concern ing reflections 

from a d istance 

knower I known binary 

seeing I observing I knowing 

from afar 

i nteracting of separate entities 

in side/ outside 

absol ute separation 

no difference 

interior/exterio r  

words m i rror things 

social I natural binary 

nature I cultu re binary 

about representations 

about fi nding accu rate 

representations 

about the gaze from afar 



phenomena are objective referents 

accou ntabi l ity to marks 

on bodies 

accou ntabil ity and responsi bi l i ty  

taking accou nt of d i fferences 

that matter 

ethico-onto-epistem-ology 

ethics, ontology, epistemology 

not separable 

reading t h rough (the d iffraction grati ng} 

transd isciplinary engagement 

attend to the fact that bou ndary 

production between d iscipl i n es 

is itself a material-d iscursive practice; 

how do these practices matter? 

subject, object contingent, not fixed 

respectfu I engagement that attends to 

detailed patterns ofthi n l<ing of each; 

fi ne-grained details matter 

Summary 

accou nti ng for how practices matter 

things are objective referents 

accountabil ity entails 

finding an authentic 

m irror representation 

of separate thi ngs 

ethics I ontology I epistemology 

separate fields of study 

reading against (some fixed 

target} mirror) 

privilege one discipl i n e  

read othe r(s) against it 

subject I object fixed 

reify, sim plify, make 

the other into a separate object 

less attentive to and able 

to resolve i m portant 

details, dynamics, 

how boundaries are made 

reflecting o n  representations 
'------------ ····---···--'--------------------' 

First and foremost, as Haraway suggests, a diffractive methodology is a 

critical practice for making a difference in the world. It is a commitment to 

understanding which differences matter, how they matter, and for whom . It 

is a critical practice of engagement, not a distance-learning practice of re

flecting from afar. The agential realist approach that I o ffer eschews rep

resentationalism and advances a performative understanding of techno

scientific and other naturalcultural practices, including different kinds 

of knowledge-making practices.  According to agential realism, knowing, 

thinking, measuring, theorizing, and observing arc material practices of 

intra-acting within and as part of the world. What do we learn by engaging 

in s uch practices? We do not uncover preexisting facts about independently 
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existing things as they exist frozen in time like little statues positioned in the 

world. Rather, we learn about phenomena-about specific material con fig

urations of the world's becoming. The point is not simply to put the observer 

or knower back in the world (as if the world were a container and we needed 

merely to acknowledge our situatedness in it) but to understand and take 

account of the fact that we too are part of the world's differential becomi ng. 

And furthermore, the point is not merely that knowledge practices have 

material consequences but that practices of knowin,g are spec(jic material  en,ga,ge

ments that participate in (re) confi,gurin,g the world. Which practices we enact mat

ter-in both senses of the word. Making knowledge is not simply about 

making facts but about making worlds, or rather, it is about making specific 

worldly configurations-not in the sense of making them up ex nihilo, or out 

oflanguage, beliefs,  or ideas, but in the sense of materially engaging as part 

of the world in giving it specific material form. And yet the fact that we make 

knowledge not from outside but as part of the world does not mean that 

knowledge is necessarily subjective (a notion that already presumes the 

preexisting distinction between object and s ubject that feeds representa

tionalist thinking). At the same time, objectivity cannot be about producing 

undistorted representations from afar; rather, objectivity is about being ac

countable to the specific materializations of which we are a part. And this 

requires a methodology that is attentive to, and responsive/ responsible to , 

the specificity of material entanglements in their agential becoming. The 

physical phenomenon of diffraction makes manifest the extraordinary liveli

ness of the world.27 

Crucially, diffraction effects are attentive to fine detail. For example, con

sider the importance of the detailed bands of dark and light in the diffraction 

pattern made by a razor blade (figure 2). Also consider the fact that the 

details of diffraction patterns depend on the details of the apparatus :  for 

example, it depends on the number of slits (it matters if there are three slits 

instead of two; some diffraction gratings have thousands of tiny parallel 

"lines"-narrow slits-per inch) , the spacing between slits, the size of the 

slits, and the wavelength of the light source. If any of these parameters is 

changed, the pattern can be significantly different. Furthermore, diffraction 

gratings can be used to exhibit some of the smallest details of nature (at least 

the smallest levels that we have s uccessfully explored) .  For example, diffrac

tion gratings can be used to measure the spectrum of light that is charac

teristic of each kind of atom. Each atom in the periodic table has a charac

teristic set of energy states (different " orbits" that the electron can be in),  

and when an electron "jumps" from a higher energy level to a lower one, it 
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emits light of a corresponding wavelength (e.g. , the visible spectrum of 

hydrogen has a red line, a blue line, and two violet lines). Therefore the light 

spectrum of an atom indicates its possible energy levels.  The differences in 

en er&'Y levels are tiny (we're talking about changes inside an atom) .  And yet, 

upon closer examination, we can see even-finer details. It turns out that it is 

possible to resolve atomic spectra into something called "fine s tructure" and 

even "hyperfine structure" (in which case a single line of color can further be 

resolved into two or more l ines of color, indicating very fine differences 

indeed). Even beyond this, in 1947 Willis Lamb and Robert Retheford were 

able to detect an extremely tiny shift in the hydrogen spectrum that is due to 

a feature of the theory of quantum electrodynamics (i .e . ,  the quantum theory 

of electromagnetism) that seems more like a fairy tale physicists tell them

selves than something that is measurable. According to quantum electrody

namics, the "vacuum" (which, classically speaking, refers to the void) is a 

state in which everything that can possibly exist exists in some potential 

form. The l ively potentiality of the vacuum creates "vacuum fluctuations,"  

which produce the Lamb shift in the hydrogen spectrum. That Lamb and 

Retheford were able to measure this tiny shift is remarkable; that there is a 

possibility of measuring the effects of unrealized possibilities is nothing 

short of astonishing. Indeed, the Lamb shift constitutes one of the most 

accurate tests we have of the theory of quantum electrodynamics.28 We in 

fact have empirical confirmation of this seething potentiality! Small details 

can make profound differences. 

Attention to fine details is a crucial element of this methodology. The 

diffractive methodology that I use in thinking insights from scientific and 

social theories through one another differs from some of the more usual 

approaches in a significant fash ion. I am not interested in reading, s ay, 

physics and poststructuralist theory against each other, positioning one in a 

static geometrical relation to the other, or setting one up as the o ther's 

unmovable and unyielding foil. Nor am I interested in bidirectional ap

proaches that add the results of what happens when each takes a turn at 

playing the foil ,  as it were. So unlike the all-too-common approaches that 

are anxious to explore unilaterally the lessons of physics for social and 

political theories, exploiting what is seen as the greater epistemological 

value of the natural sciences over the human sciences, or to take a contrary 

instance, attempts by scholars who would counter the overblown authority 

of science by suggesting a reversal whereby the social sciences would be a 

model for the natural sciences, my approach is to place the understandings 

that are generated from different Cinter)disciplinary practices in conversa-
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tion with one another. 2 9  That is,  my method is to engage aspects of each in 

dynamic relationality to the other, being attentive to the iterative production 

of boundaries, the material-discursive nature of boundary-drawing prac

tices, the constitutive exclusions that are enacted, and questions of account

ability and responsibility for the reconfigurings of which we are a part. That 

is, the diffractive methodology that I use in thinking insights from different 

disciplines (and interdisciplinary approaches) through one another is atten

tive to the relational ontology that is at the core of agential realism. It does 

not take the boundaries of any of the objects or subjects of these studies for 

granted but rather investigates the material-discursive boundary-making 

practices that produce "objects" and "subjects" and other differences out of, 

and in terms of, a changing relationality. If, unlike multidisciplinary or 

interdisciplinary approaches, a transdisciplinary approach " does not merely 

draw from an array of disciplines but rather inquires into the histories of the 

organization of know ledges and their function in the formation of subjec

tivities . . .  mak[ing] visible and put[ting] into crisis the s tructural links 

between the disciplining of knowledge and larger social arrangements" 

(Hennessy 1993,  12) , then the latter approach contains some of the needed 

elements. 30 Importantly, it is crucial that in using a diffractive methodolob'Y 

one is attentive to fine details of different disciplinary approaches. What is 

needed are respectful engagements with different disciplinary practices, not 

coarsegrained portrayals that make caricatures of another discipline from 

some position outside it .  My aim in developing a diffractive methodology is  

to attempt to remain rigorously attentive to important details of specialized 

arguments within a given field without uncritically endorsing or uncondi

tionally prioritizing one (inter)disciplinary approach over another. 31 

Hence the diffractive methodology that I propose enables a critical re

thinking of science and the social in their relationality. What often appears 

as separate entities (and separate sets of concerns) with sharp edges does 

not actually entail a relation of absolute exteriority at all. Like the diffraction 

patterns illuminating the indefinite nature of boundaries-displaying shad

ows in "light" regions and bright spots in " dark" regions-the relation of 

the social and the scientific is a relation of "exteriority within" (see, for 

example, figure 2). 

As such, the diffractive methodology that I propose stands in stark con

trast to some of the more usual modes of scholarly engagement that aim to 

" bridge" the humanities and natural sciences. Importantly, a diffractive ap

proach has no patience for tricks with mirrors, where, for example, the 

macroscopic is said to mirror the microscopic, or the social world is treated 



94 E N T A N G L E D B E G I N N I N G S 

as a reflection of the metaphysics of individualism perfected in atomic the

ory, and so on. The drawing of analogies, like that between special relativity 

and the cubist school of painting, for instance, or the "influence model" 

mode of investigation, where specific causal linkages are suggested for the 

analogies, as in the gathering of historical evidence on behalf o f  the hypoth

esis that the cubists were directly influenced by Einstein, for example, can be 

very interesting. But these common modes of analysis are only of limited 

value, and insufficient for understanding the deeper philosophical issues at 

stake in learning how to "diffract the rays oftechnoscience [and other social 

practices] so that we get more promising interference patterns on the re

cording films of our lives and bodies" (Haraway 1997, r6) .  This diffractive 

methodology enables me to examine in detail i mportant philosophical is

sues such as the conditions for the possibility of objectivity, the nature of 

measurement, the nature of nature and meaning making, the conditions for 

intelligibility, the nature of causality and identity, and the relationship be

tween discursive practices and the material world. 

Significantly, as I have already mentioned, my diffractive methodology 

maintains a standard of rigor that enables me to return to my starting point 

and address anew unsettled questions in the foundations of quantum 

physics. In particular, I argue that agential realism can in fact be understood 

as a legitimate interpretation of quantum mechanics, addressing crucial 

issues that Bohr's framework of complementarity does not satisfactorily 

resolve. Likewise, using s everal different case studies, I demonstrate the 

usefulness of an agential realist approach for negotiating difficulties in 

some of the other fields that I draw on, such as feminist theory, poststructur

alist theory, and science s tudies. Furthermore, I show that agential realism 

provides interesting insights concerning the nature of these entangled con

siderations: what is at issue is not mere homologies between different sub

ject matters of different disciplines, but rather the specific material linkages 

and how these intra-relations matter. Although the kinds of difficulties that 

plague these diverse fields no doubt engage substantively disparate issues, 

they are not altogether disconnected, analytically, epistemologically, or on

tologically. In fact, according to agential realism, the analysis of entangled 

practices requires a nonadditive approach that is attentive to the intra-action 

of multiple apparatuses of bodily production. Finally, in the chapters that 

follow, I offer a detailed discussion of quantum physics and the nature of the 

phenomenon of diffraction, pushing our understanding well beyond the 

classical physics view, in a way that promises a significant deepening of how 

we might understand diffraction both as a material-discursive practice and 

as a critical practice. 
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