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S1: REPRESENTATIVE OFF-AXIS ELECTRON HOLOGRAM

FIG. S1. Off-axis electron hologram of Fe3O4 particles, showing well-resolved holographic interference fringes with a spacing
of approximately 2.7 nm. The scale bar represents 100 nm. The inset shows magnified holographic interference fringes around
the middle particle.

S2: REPRESENTATIVE PHASE IMAGES

Figure S2(a) shows the magnetic vector potential contribution to the phase of the Fe3O4 particles and a corre-
sponding phase contour map. The asymmetry of the phase contours may stem from magnetization sources located
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outside the field of view or from artifacts such as specimen charging or changes to the biprism wire over time. Figure
S2(b) shows the ramp-corrected phase image, obtained by subtracting the fitted ramp shown in Figure S2(d).

FIG. S2. Phase images (top) and corresponding phase contour maps (bottom). The scale bar represents 100 nm. (a) Magnetic
vector potential contribution to the phase measured from Fe3O4 particles. (b) Ramp correction applied to (a). (c) Magnetic
phase image calculated by applying the forward model to the reconstructed magnetisation distribution shown in Figure 5a
(left). (d) Reconstruction of the additional phase ramp.

S3: PHASE INTEGRAL

To clarify the derivation of the inductive moment mB , we begin with the standard definition of the inductive
moment as the volume integral of the magnetic induction B:
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Since the magnetic induction B is related to the magnetic vector potential A through B = r �A, we can rewrite
the above expression using vector calculus identities. Applying Gauss’s theorem to the curl of A, and recognizing
that the phase shift ’(r) obtained from off-axis electron holography is proportional to the line integral of the in-plane
magnetic vector potential, we arrive at a relationship between the inductive moment and a contour integral of the
phase shift:
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In this expression, the integral is taken over a circular path with radius R, and t̂(�) represents the unit tangential
vector along the path. The direction of the tangential vector t̂(�) = [� sin �; cos �] follows from differentiating the
position vector in polar coordinates [cos �; sin �], defining the direction along which the phase gradient is projected.

This leads to the following expression for the inductive moment1:
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The vector integral can then be separated into its x- and y-components:
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