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Introduction: The accurate and localized measurement of electric fields in MRI is very important to assess 
RF safety hazards. Unfortunately, E-fields in RF coils or in the vicinity of electrically conducting structures 
such as implants are difficult to measure directly in the MR system. Thus, E-field measurements are often 
performed outside the MR bore with E-field sensors that consist of dipole antennas and contain electrically 
conducting parts [1,2]. In this work we present a purely optical sensor which is substantially smaller than 
existing dipoles to measure E-fields with high spatial resolution near implants in a clinical MR system. 

Materials and Methods: The optical E-field sensor prototype (Biolab Technology AG, Zürich) utilizes the 
Pockels effect in a LiNbO3 crystal to measure E-fields through the phase modulation of a laser beam (1550 
nm) [3]. The sensor can operate in a broad frequency range from 100 Hz to 10 GHz [4] and consists of a 10 
m-long fiber which is connected to a remote signal processing unit. The crystal is fixed to the end of the fiber 
and the crystal’s surface is coated with a dielectric reflecting layer (Fig. 1). Fiber and sensor head are do not 
contain metallic or magnetic materials. The sensor’s spatial resolution is defined by the illuminated volume 
(0.1 mm x 0.1 mm x 2 mm). Qualitative E-field measurements were performed with the sensor in a 1.5T MR 
system (Magnetom Symphony, Siemens). The sensor head was positioned close to the tip of a copper wire 
(length: 120 cm, ∅: 1 mm) that was used to locally enhance the electric field. The sensor output voltage was 
filtered with a 55-67 MHz bandpass filter to increase SNR, and compared to the signal of a small B1 pick-up 
loop. To demonstrate the spatial resolution of the sensor, the E-field near a U-shaped 4mm copper conductor 
(length: L = 27 cm) was measured. The sample was attached to a plastic substrate which was immersed in 
saline solution (ε = 75) and placed in the iso-center of the MR system. The length of the sample matches half 
the wavelength of the RF pulse in the solution (λ = 54 cm), and hence, the sample acts as a resonant 
structure. The E-field was sampled along the copper conductor and near one tip of the sample. Near the tip, 
the E-field is expected to decay according to E ~ L/x(x²+L²), where x indicates the distance from the tip. 

Results: Figure 2a shows the sensor response to a 130 μs RF pulse applied with the body coil at a transmit 
voltage of 500 V in comparison to the reference signal (Fig. 2b) from the pick-up coil. Note that the 
bandpass filter leaves the signal dynamics unchanged. For example, the stepwise increase and decrease of the 
E-field are clearly visualized in the sensor signal. The linear behavior of the sensor can be seen from Fig. 3 
where the sensor’s signal amplitude is plotted as a function of the transmit voltage of the RF pulse. Figure 4 
illustrates the results of the spatially resolved E-field measurements in the vicinity of the resonant sample. As 
expected, high E-field amplitudes are measured at the tips and a zero-crossing is present close to the center 
of the sample (Fig. 4a). The E-field in the region of the tip of the sample decays to about 15% of the 
maximum value within a distance of 1 cm and reaches the background level at about 4 cm (Fig. 4b). The 
spatial profile of the measured E-field near the tip is in good agreement with the theoretical model.  

Discussion: With this purely optical sensor, E-field measurements in an MR system could be performed with 
a spatial resolution of 1 mm. Single RF excitation pulses, their modulation as well as the Lamor carrier 
frequency are clearly detectable. E-field changes in the vicinity of a resonant metallic sample could be 
measured successfully in steps of 1 mm which is still ten times larger than the theoretical spatial resolution of 
the sensor in the plane perpendicular to the laser beam. Due to the high bandwidth of the sensor, measure-
ments at 3T and higher are also possible. This sensor allows for measurements in the MRI environment, for 
MR-safety inspections of RF coils and even for E-field assessment of small metallic structures. 
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Fig. 3: Linearity test: amplitude of the 
sensor signal versus transmit voltage. 

 
Fig. 2: Sensor signal (a) recorded during a 
single RF- pulse compared to the reference 
B1 signal (b). 

Fig. 1: Overview of the experimental setup. 

Fig. 4: (a) E-field of a resonant sample (arrows) measured in a clinical MR system. (b) The E-field 
decay at a tip of the sample was measured with a resolution of up to 1 mm. 
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